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1. Introduction
This email discussion is intended to look into the detail of the expected challenges in the target scenarios identified at RAN2#81 as shown below [1]:
	Deployment scenarios:

Scenario #1: Macro and small cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul
Scenario #2: Macro and small cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul
Scenario #3: Only small cells on one or more carrier frequencies connected via non-ideal backhaul typically low and medium UE mobility
Expected challenges:

a) Mobility robustness
b) Difficult to improve system capacity by utilizing radio resources in more than one eNB (e.g. due to UL/DL imbalance issues)
c) Increased signalling load (e.g., to CN) due to frequent handover
d) Difficult to improve per-user throughput by utilizing radio resources in more than one eNB
e) Network planning and configuration effort
f) Small cell discovery


The challenges justified in this email discussion will be captured in the TR of this study. Having this goal in mind, the following procedure is proposed:

Step 1:
Interested companies provide their comments/analysis for their interesting scenarios (until 22nd March).
Step 2:

The rapporteur provides a summary and text proposal to the TR (until 27th March).
Step 3:

Discuss the summary and text proposal (until the deadline, 4th April).

2. Discussion
2.1.  Mobility robustness
Increased handover failure due to increasing number of small cells was expressed as an issue by many papers (e.g., [2, 3]). This section attempts to investigate the detailed issues for each scenario in qualitative/quantitative way.
2.1.1 . Scenario #1 (Co-channel with macro coverage)
As discussed at RAN2#81, this co-channel scenario has already been analysed during the Rel-11 HetNet mobility SI. For instance, the following was observed [4]:
1) Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments.  Of the different HO types, Pico to Macro handover performance showed the worst performance.
2) For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).
From the contributions provided at RAN2#81, the target UE speed up to 30 or 60 km/h was proposed [5, 6, 7]. Even though the 60 km/h of the UE speed is assumed, the mobility performance at 60km/h was also evaluated in [4]. Similar to the 30 km/h case, pico to macro handover was the worst case [8]. Therefore, the rapporteur would like to propose to reuse the outcome of the HetNet mobility SI and refer to TR 36.839 [4] in the TR of this study.
Discussion #A1:
Discuss whether the challenge of mobility robustness can be referred to the outcome of the HetNet SI.
Companies are asked to provide their views, especially if the proposal is not agreeable.
<Company comments>
[Nokia and Nokia Siemens Networks]

Mobility performance for co-channel scenarios with macro and small cells was extensively studied for the Rel-11 SI on LTE HetNet mobility enhancements - details in 3GPP TR 36.839. There is now a Rel-12 WI on LTE HetNet mobility enhancements, which (among others things) aims at standardization of mobility improvements for solving the challenges identified during the Rel-11 SI. During the study item phase possible improvements were identified while the study did not compare individual enhancement proposals. We propose that solutions from the Rel-12 WI on LTE HetNet mobility enhancements are used as baseline for the small cell enhancements study item, and potential solutions are made generic so that they would also apply to small cell mobility enhancements for Scenario #2.
 [CMCC]：

We think the challenge of mobility robustness can be referred to the outcome of the HetNet SI, which can provide the mobility performance evaluation for different UE with different speed.

From our point of view, most of UE in HetNet scenario is in low speed or medium speed, so there is no obvious problem in regard to the observation [4]. If UE with higher speeds is considered by RAN2, some potential enhancement should be discussed due to the mobility performance problems. But the R12 HetNet WI is discussing the same problem and some candidate solutions, according to the SID, the study in R12 small cell-high layer aspects should focus on potential enhancements which are not covered by other SI/WIs, so overlapped discussions for the challenge for mobility robustness should be avoided.
[Huawei and HiSilicon];

The challenge of mobility robustness has already been identified in Rel-11 SI on HetNet mobility enhancement, which should be sufficient for Scenario 1. The resultant Rel-12 WI should be the main venue to define the solutions based on the system settings used in the Rel-11 SI. It can be investigated to see if mobility can also be enhanced through approach proposed for capacity/throughput enhancement (e.g., dual connectivity), in particular taking advantage of the potential capability of steering data transmission to different nodes based on QoS requirements.
[Orange]

It seems that we address mobility performance and dual connectivity as separated challenge. Mobility for UE supporting dual connectivity between cells should be studied in the scope of the TR, while pre-release 12 mobility challenges are studied in Rel-11 SI on LTE HetNet mobility enhancements and WI on LTE HetNet mobility enhancements as explained by other companies
[LGE]
In HetNet mobility enhancement SI, handover performance was intensively discussed for co-channel case. Thus, for scenario 1, the challenge of mobility robustness can refer to the outcome of HetNet mobility enhancement SI.
[CATT]

Comments: We agree to reuse the outcomes from HetNet SI for Scenario #1, based on the observations given above. On the other hand, solving the issues discovered in the HetNet SI should not be the main or only target for the solutions proposed in the SCE SI, because the Rel-12 HetNet WI is going to find some solutions to the issues discovered in Scenario #1. To avoid the overlapping work between Rel-12 HetNet and SCE, the solution raised in the SCE SI should try to be more generic to solve all the issues which will be identified for Scenario 1#, #2 and #3.
[ITRI]

Since the issue of mobility robustness is now discussed in Rel-12 WI on LTE HetNet mobility enhancements for intra-frequency scenario, the corresponding outcome can be referred as the baseline for scenario 1. But, we should also consider the mobility robustness enhancements that can be achieved by dual connectivity techniques, which is out of the scope of Rel-12 WI on LTE HetNet mobility enhancements, for further optimization.
[Pantech]

We also think that the challenge of mobility can be referred to the outcome of the HetNet SI. However, it was not decided whether dual connectivity should be introduced for scenario 1. Thus, in scenario 1, depending on the dual connectivity discussion, there can be more considerable point for mobility robustness.
[Fujitsu]

The outcome of the HetNet SI can be referred to for the challenge of mobility robustness and the proposed solutions in HetNet SI can be the baseline for both dense and sparse small cell deployment cases. However study on the dual connectivity may have some impact on mobility robustness of this scenario.
[ETRI]
During the Rel-11 HetNet mobility SI, there were intensive studies regarding to the mobility performance for co-channel with macro coverage and small cell. And Rel-12 HetNet mobility WI is also discussing the mobility performance improvement on this scenario based on results from SI phase. Therefore, we think the outputs from Hetnet mobility WI will be used as fundamental solution to improve mobility performance in this scenario.

[KDDI]
As many companies mentioned, for Scenario #1, an on-going Rel-12 WI on HetNet mobility enhancement is focusing on the mobility robustness issues and trying to find out effective solutions to improve mobility performance. In our understanding, motivation of dual connectivity is to reduce the frequency of handover introduced by small cell developments rather than to improve mobility performance. Therefore, in order to avoid overlapping between different SI/WIs, mobility robustness would not be considered as a challenging issue in this Rel-12 SI on small cell enhancement.
[Hitachi]

Mobility robustness for co-channel HetNet scenario (i.e. scenario #1) was studied in Rel-11 HetNet Mobility SI and we assume some solution for improvements of mobility robustness for co-channel HetNet is to be standardized in ongoing Rel-12 HetNet WI. We agree that the challenge of mobility robustness can be referred to the outcome of the Rel-11 HetNet SI.
[NEC]

We also share the view that solutions from Rel-12 Hetnet mobility enhancements WI shall be used as baseline and any further enhancements e.g. due to dual connectivity should be discussed as part of SCE. 
[Ericsson and ST-Ericsson]

Challenges in the mobility robustness have been clearly identified in the Rel-11 SI on heterogeneous network mobility enhancements.  We consider that outcome of this study item can be considered as a baseline for studies in the small cell study item, however, without further limiting new findings. With respect to solving challenges in mobility robustness, the current Rel-12 work item for heterogeneous network mobility should focus on solutions identified during the study item phase. For example, solutions with larger impact of radio interface architecture are outside of the scope of this Work Item. So we consider that architectural solutions e.g. related to dual connectivity can be discussed in the small cell study item. Naturally, evaluations of the potential solutions should take progress on heterogeneous network work item into account. 
[New Postcom]

We also think that the challenge of mobility robustness can be referred to the outcome of the HetNet SI. Since they both aim to solve the challenges identified during the Rel-11 SI. Result of HetNet mobility SI can be considered as baseline for Small cell enhancements.
[BlackBerry]

Mobility robustness from HetNet SI should be used as baseline but it may not be enough. The small cell scenario is different from HetNet mobility SI in the following points:

· Less planning: customer premise deployment without operator cell planning.

· Denser deployment compared to HetNet mobility SI.

· Indoor deployment was not discussed in HetNet mobility

[IDCC] 

We also have the view that the HetNet mobility work item solutions for scenario 1 should be assumed as baseline wherever possible. However, as cases with dual-connectivity are not in scope of ongoing Rel-12 WI on HetNet mobility enhancements, dual-connectivity related enhancements should be studied in parallel under Small Cells agenda item.    
[Intel] 

We agree that the challenges of mobility robustness can be referred to the outcome of the Rel-11 HetNet SI. We also share the view that solutions in Rel-12 HetNet mobility WI can be used as baseline for small cell SI.
[Alcatel-Lucent]

We think the mobility robustness in co-channel scenario has been studied in detail under Rel-11 HetNet SI and possible mobility enhancements in co-channel scenario are discussed under Rel-12 HetNet WI. Therefore, the challenge of mobility robustness in co-channel scenario can be referred to Rel-11 HetNet SI. The solutions for mobility enhancement shall study under Rel-12 HetNet WI. Any agreeable solution from HetNet WI shall be used as the baseline for small cell SI. The work should not be duplicated in both HetNet WI and small cell SI.
[Broadcom]

We think there are many significant differences between the HetNet SI and the SCE SI that impact mobility procedures/performance, e.g., possibility of dual connectivity, and non-ideal X2. So we don’t believe that the outcome of the Rel-12 HetNet WI will completely address the issues for this scenario in the small cell case.

[Qualcomm]

The Rel-12 HetNet WI is the proper container for Scenario 1 mobility robustness issues, for now. As small-cell specific mobility issues are identified, it can be considered on a case-by-case basis which WI/SI is best fit. 

[Kyocera]

We agree the challenge of mobility robustness for scenario 1 can be referred to the outcome of the HetNet SI. Also, since this problem is now discussed under the Rel-12 HetNet WI, we should try to avoid duplicated discussions. If UL/DL power imbalance issue for scenario 1 is addressed in this SI and new solution/architecture is introduced, we think RAN2 should investigate whether there is any challenge to mobility robustness as a result of the architecture.
 [ZTE]

During the study of the R11 Hetnet SI, it is identified that the main cause for handover failure is the interference from macro cell. Now if dense deployment of small cell is introduced then interference between small cells should also be considered. But such kind of evaluation was not done in R11 Hetnet SI. Another point is non-ideal backhaul will result in negative impact to the handover performance due to the fact that handover preparation will be prolonged. This is because radio link between UE and source eNB become much unstable. So we think robustness of mobility in scenario1 is one of the challenges.  
[Samsung]

We agree to the point that the redundant work should be avoided as much as possible. The TR seems well organized and providing useful/sensible information. In our view some simulation results (e.g. shown in Figure 5.5.4.1.1) confirm the challenge. However, the conclusion of the TR is somewhat misleading in saying that no significant problems have been observed for low mobility UEs. We are wondering whether the deployment scenarios used in the TR are compatible with our target scenario. For example, the number of Pico cells per Macro cell is at most 10 in the TR. In our view, the conclusion could be different if we assume more pico cells, which is also hinted in the TR as below 

“ Observations from Multiple picocell deployments simulations for full system load 

For full system load with full buffer traffic model, the number of HOF/UE/s increases with the number of pico cells.” 
We like to ask operator’s view whether the assumption of 10 pico cells per macro cell is sensible and future proof in their small cell deployment.
[Panasonic]

We agree with the common opinion expressed: the challenges of mobility robustness can be referred to the outcome of the Rel-11 HetNet SI and we should devise solutions in Rel. 12 HetNet Mobility WI that can be adapted to the SCE SI/ WI as well.

[MediaTek]

As has been shown in TR 36.839 for low speed UEs in non-CRE scenarios it is possible to achieve acceptable failure rates, by careful network planning and by trading failure rates for high handover rates. We think there is significant opportunity by dual connectivity to further reduce end-user impacts of non-robustness of current mobility mechanism and its failure modes, and to reduce the complexity of tailored network configuration for mobility, and to reduce the sensitivity to UE speed and usage of robustness-reducing features such as CRE.  
Rapporteur’s summary:

Most of companies were of opinion that the outcome of the HeNet SI can be considered as a baseline in terms of the challenge of mobility robustness in Scenario #1. In addition, it was commented to clarify whether the assumption that at most 10 small cells per a macro cell is sensible and future proof. Operator’s view was asked. Although solutions introduced under the subsequent HetNet WI should be taken into account, new findings not studied in the HetNet SI can be considered under this small cell study, e.g., dual connectivity. For this discussion, the following is proposed:
Proposal 1:
The outcome of the HetNet mobility SI is referred as part of the description for mobility robustness in Scenario #1. 
2.1.2  . Scenario #2 (Separate carrier with macro coverage)
Mobility performance in the separate carrier scenario has yet to be investigated. Although the potential increase of handover failure was raised [9], it is unclear whether the handover failure is increased and if true, what the root cause is. Therefore, the rapporteur would like to ask interested companies to provide the qualitative/quantitative analysis on inter-frequency handover performance in Scenario #2.
Discussion #A2:

Discuss and quantify issues on Performance of inter-frequency handover in Scenario #2.
Companies are asked to provide their quantitative analysis below.

<Company comments>
[Nokia and Nokia Siemens Networks]: 

Mobility performance for scenarios with macro and small cells on different carriers was studied in the Rel-11 SI on LTE HetNet mobility enhancements regarding small cell discovery - details in 3GPP TR 36.839. The Rel-12 WI on LTE HetNet mobility enhancements should form generic solutions and be used as baseline for further studying if additional small cell mobility enhancements for scenario 2 are needed. As inter-frequency mobility was not discussed much beyond small cell discovery in HetNet SI it is proposed to further study potential inter-frequency related mobility robustness enhancements for Scenario #2. Moreover, as cases with dual-connectivity are not in the scope of the ongoing Rel-12 WI on LTE HetNet mobility enhancements, dual-connectivity related enhancements should also be studied in parallel. Furthermore, as for Scenario #1, also potential solutions identified for Scenario #2 would need to be generic – i.e. we should aim at having general mobility solutions applicable not only to one specific scenario and/or specific capabilities, but generally applicable whenever
 [CMCC]：

From our understanding, there is no obvious HO performance evaluation conclusion for inter-frequency scenario in R11 HetNet SI, so the necessary evaluation and analyze for the issue are needed in small cell SI. If the issue is identified in terms of HO attempts and HO failure rates, some solutions can be further discussed. We also think the potential solution for scenario 1 and 2 should be common.
[Huawei and HiSilicon]:

Comprehensive evaluation results have not been available with regards to mobility robustness issues in Scenario 2 during Rel-11 studies on HetNet mobility enhancement. Thus, more investigation would be needed to see if specific solution is necessary for Scenario 2. On the other hand, it could be checked if the solution good for Scenario 1 may also be applied in Scenario 2 uniformly.     
[Orange]

As mentioned before, it seems that we address mobility performance and dual connectivity as separated challenge. Mobility for UE supporting dual connectivity between cells should be studied in the scope of the TR, while pre-release 12 mobility challenges, even though less results are available for Scenario 2 than for Scenario 1, are studied in Rel-11 SI on LTE HetNet mobility enhancements and WI on LTE HetNet mobility enhancements as explained by other companies
[LGE]

In the HetNet mobility enhancement SI, mobility robustness issue was mainly discussed for intra-frequency case, while small cell discovery issue was mainly discussed for inter-frequency case. It means that mobility robustness issue was not intensively discussed for inter-frequency case, and hence, more study on this issue may be needed. If anything identified, we propose to study it in the HetNet mobility enhancement WI in Rel-12.
[CATT]

Comments: So far the mobility challenges (like HOF/RLF or short ToS) in the inter-frequency scenario have not been identified. As mentioned above, a common solution to solve all the issues discovered in Scenario #1, #2 and #3 is preferred. 
[ITRI]

The handover performance in inter-frequency scenario is not in the scope of Rel-12 WI on LTE HetNet mobility enhancements. It is not sure that whether the HOF rate is still as higher as that in intra-frequency scenario because there is no strong interference from a macro cell. Further evaluation will be necessary to clarify it. Once the HOF rate is still higher, it is better to design the common solutions for both intra-frequency scenario and inter-frequency scenario. Dual connectivity techniques could also be considered..
[Pantech]

As the mobility robustness for inter-frequency was not much discussed for inter-frequency case in HetNet SI and dual connectivity was newly introduced in Small Cell SI, we think that mobility robustness for inter-frequency should be discussed in either HetNet SI or Small Cell SI. Besides the mobility robustness of the inter-frequency case, enhancement for mobility robustness for co-channel case using dual connectivity should be considered as the co-channel based dual connectivity was newly introduced in Small Cell SI and it may require new mobility robustness mechanisms not based on the existing handover procedure but based on new cell change procedures.
[Fujitsu]

For this scenario, the small cell discovery has been discussed in HetNet SI and this study will be continued in WI stage. In this sense, the solutions proposed in HetNet SI/WI can be referred as the baseline for small cell enhancement. However, the inter-freq mobility performance between Macro and small cell is not deeply investigated before. Thus, we propose to provide some evaluation of the inter-freq mobility performance between macro and small cell in HetNet WI Rel-12. In addition, as commented for scenario#1, study on the dual connectivity may also have some impact on mobility robustness of this scenario.
 [ETRI]
There was no discussion about mobility issues for this scenario during Rel-11 HetNet mobility SI except for small cell discovery. So we think it needs to identify comprehensive challenges and potential solutions about this scenario, especially considering dual-connectivity.
[KDDI]

Mobility robustness of Scenario #2 was not studied intensively so far, it is unclear whether or not it is different from Scenario #1 except small cell discovery which covered by Rel-12 WI on HetNet mobility enhancement. From the view point of reducing the frequency of handover introduced by small cell developments, dual connectivity is effective. Further investigations on improving mobility performance for Scenario #2 could be necessary and deprioritized.
[Hitachi]

Inter-frequency HetNet scenario (i.e. scenario #2) was studied in Rel-11 HetNet Mobility SI, but the study has focused on small cell discovery. Hence, mobility robustness for inter-frequency HetNet should be studied. We would like to add that basically, common solutions should be applicable to both scenarios #1 and #2 from higher layer perspective.
[NEC]

Inter frequency mobility performance should be discussed as part of SCE since this was not much discussed  in Rel-11 HetNet mobility SI except for the inter-frequency small cell discovery. 
[Ericsson, ST-Ericsson]

We agree with other companies that Rel-11 study item on heterogeneous network mobility did not study inter-frequency case extensively. On the other hand, in our understanding, challenges in HO performance were mainly due to heavy macro interference which is not so present in the inter-frequency scenario. Thus, potential problems are not necessarily so severe. To verify this assumption, we consider that mobility robustness can be studied for the inter-frequency scenario in the small cell study item.  
[New Postcom]

In our opinion, relevant evaluation conclusion for inter-frequency scenario has not been achieved in Rel-12 HetNet mobility WI. Therefore, solution for scenario #2 should be further studied, and it is valuable to investigate whether solution for scenario #1 can be reused for scenario 2.
[BlackBerry]

We also agree that mobility performance for scenario 2 should be discussed as part of SCE, beyond the small cell discovery. Due to dense small cell deployment, the number of HO failures may increase. Also measurement performance needs to be studied to see if existing mechanism is sufficient. A generic solution covering scenarios 1 and 2 is preferred
[IDCC]

We also have the view that the Rel-12 WI on LTE HetNet mobility enhancements should develop common solutions applicable to both scenario 1 and scenario 2 that can be used as baseline for R12 Small cell Enhancements. In the HetNet study, for inter-frequency scenarios (Scenario #2), the focus was only for discovery and therefore further study is needed if additional small cell mobility enhancements for scenario 2 will be necessary. 
[Intel] 

Mobility performance for scenario #2 was not evaluated in Rel-11 HetNet mobility SI and it is necessary to investigate the performance in small cell SI. We share the view that to aim at general mobility solutions, the solutions identified in scenario#1 can be considered for scenario#2.
[Alcatel-Lucent]

Other than the small cell discovery in inter-frequency small cell deployment scenario, the mobility robustness in inter-frequency scenario has not been studied in detail in Rel-11 HetNet SI. The inter-frequency handover towards small cell is considered under Rel-11 eICIC study for the scenario where small cell deployed within macro coverage in the same frequency. However, handover failure was not identified as an issue in this scenario. For the scenario where small cell is deployed in a separate frequency to that of macro coverage, the mobility robustness may need investigation especially for the case where the UE is handover from small cell to the macro cell while moving out of small cell coverage. However, we don’t see this as primary challenge in the small cell study therefore this could be studied with low priority.
[Broadcom]

We agree with the view expressed above by others that inter-frequency mobility was not studied extensively in the Rel-11 HetNet SI. 
 [Qualcomm]

The Rel-12 HetNet WI is the proper container for Scenario 2 mobility robustness issues including cell discovery, as well. As small-cell specific mobility issues are identified, it can be considered on a case-by-case basis which WI/SI is best fit. 

[Kyocera]

We agree with CMCC and Huawei that there weren’t enough studies in Rel-11 on the mobility performance in scenario 2.  Further studies are needed to quantify the severity of mobility issues.
[NTT DOCOMO]:

The main concern in this scenario is the increased number of HO Failure (HOF) due to the increased number of deployed small cells which will cause more frequent data/service interruption. Assuming that UE communicates with a single node (e.g., non-CA operation), if a small cell is deployed to provide hot spot coverage overlapping with macro coverage, inter-frequency handover between macro and small cells would be increased. If multiple small cells are deployed to provide continuous coverage overlapping with macro coverage, intra-frequency handover in the small cell layer would also be increased. The frequency of HOF is determined by 1) the number of HOs experienced by users and 2) the HOF rate. For 1), it is somewhat obvious that the number of experienced HOs by user will increase (See DCM comment also for setion 2.3). For 2), we can consider the following 2 cases:

· Case1) The small cell deployed in the open space (e.g., the station square)
· Case1-1) Continuous small cell coverage

When multiple small cells are deployed continuously in the open space, UE will perform HO between small cells. Since the HO will happen between LOS cells, the pathloss will change loosely. Thus, the UE can follow the pathloss change, and HO failure rate is unlikely to increase (regardless of UE’s velocity).

· Case1-2) Hotspot small cell coverage

In this case, UE will perform HO between the small cell and macro cell. Since these cells are LOS, the HOF rate will not be degraded as well as Case1-1.
· Case2) The small cell deployed in the street (e.g., Manhattan model)
· Case2-1) Continuous small cell coverage

When multiple small cells are deployed continuously in the street, UE will perform HO between small cells. Even when HO is performed between LOS cell and NLOS cell, in average HOF rate may not be degraded as analysed before (e.g., [15]). However, when focusing in a certain cases, e.g., in intersection cases where UE might turn or go through where the small cells are positioned in relatively close or far between each other, we think that the number of HOF may be high which would result to a degradation of HOF rate.   (DCM plans to show simulation result in the next meeting)

· Case2-2) Hotspot small cell coverage

When the small cell is deployed in the street as hotspot, UE will perform HO between small cell and macro-cell. Even if the channel condition is changed from LOS to NLOS when UE turns right/left at the intersection, HOF rate may not be degraded as RSRP of the serving cell will not weaken rapidly so that UE will experience an RLF.

From above, in both open spaces and street cell deployment, looking from the average case, the HOF rate might not be degraded. However, we think that in some street cell cases, there might be increase in the number of HOF. In addition, generally we think that at least the number of experienced HO will cause the number of HOF increasing resulting in the more frequent interruption. Thus, mobility robustness in this scenario should be considered so that the same mobility performance as macro only deployment  can be kept, e.g., keeping mobility in the macro-cell layer.
 [ZTE]

The main mobility challenges are for those UEs with high or middle speed. For those UEs more frequent handovers are foreseen. On the other hand measurement report and/or handover preparation could slow down due to the fact that non-ideal backhaul is introduced and more power consumption concern for cell discovery and measurement report. In addition interference between pico cells may also impact handover performance. Based on this we think this challenge exists. 
[Samsung]

Due to absence of strong interference from the macro cell, one can assume the handover performance of inter-frequency scenario would be better than that of intra-frequency case. On the other hand, UE would not measure inter-frequency as frequently as intra-frequency. It may negatively affect mobility robustness. 

In addition we believe the target scenario in terms of number of pico cells does matter in this case as well. The same trend as intra-frequency could be expected that more HOF would happen with more pico cells deployed. 

All in all, we see following relevant factors 

· Absence of interference from the macro cell decreases the mobility problem comparing to the intra-frequency HetNet scenario 

· Not being able to scan the potential target cells as frequently as intra-frequency cells increases the mobility problem comparing to the intra-frequency HetNet scenario 

· Expected number of pico cells per macro cell should be clarified. HOF would increase with more pico cells deployed
It may not be possible to judge it without simulation. Samsung will provide the preliminary simulation result on it next meeting
[Panasonic]

Scenario 2 is Inter-freq mobility (from/ to Macro) as well as Intra freq. mobility (between small cells). Inter-freq mobility from Macro (to small) cell is mainly an offloading decision and the mobility command needs to be sent by the Macro eNB and we don’t see much challenge here. However the mobility to Macro cell and to other small cell needs to be studied afresh since it needs a balance in many aspects (minimizing HOs, RLF, HOF and still improving UEs throughput). One additional challenge for better UE throughput is to provide good cell association not only by judging RSRP/RSRQ but by also considering more frequently changing cell load/ radio condition since the situation is no more guided by law of large numbers in small cells.
[MediaTek]

We expect that the mobility performance in Scenario #2 would be better than Scneario #1 studied in TR 36.839 due to lower interference. However, scenario #2 involves mobility complexity that is common with scenario #1. We think there is significant opportunity by dual connectivity to further reduce end-user impacts of non-robustness of current mobility mechanism and its failure modes, and to reduce the complexity of tailored network configuration for mobility, and to reduce the sensitivity to UE speed, and better enable relaxed deployment coordination. 
Rapporteur’s summary:

The majority confirmed that the performance of inter-frequency handover was not studied in the past and therefore should be analysed. However, quantitative analysis was not provided during this email discussion although qualitative analysis was provided for the concerned scenarios (e.g., open space and street deployments by NTT DOCOMO). Some companies proposed to deprioritise this topic as the potential problem was not thought as severe. On the other hand, there were several comments that solutions specified for Scenario #1 could be applied for Scenario #2 as well. Some companies also indicate that simulation is necessary to clarify whether the problem exist or not. From these views, the rapporteur thinks that further analysis is needed to identify how the mobility robustness will be severe in Scenario #2 and invites simulation results to verify any possible problems. For this discussion, the following is proposed:
Proposal 2:
Challenges of mobility robustness in Scenario #2 should be studied for further and simulation results are invited for RAN2#81bis.
2.1.3 . Scenario #3 (Small cell layer(s) w/o macro coverage)
Likewise to Scenario #2, this scenario has yet to be investigated. Therefore, the rapporteur would like to ask interested companies to provide their qualitative/quantitative analysis on whether the handover failure is increased compared with the macro only network and if true, what the root cause is.
Discussion #A3:

Discuss and quantify issues on Mobility performance between small cells on one or more carrier frequencies.

Companies are asked to provide their quantitative analysis below.

<Company comments>
[Nokia and Nokia Siemens Networks]

We do not see any substantial difference between this scenario and a Rel-8 scenario where only small cells are deployed. As such, and unless demonstrated otherwise, this should not call for specific solutions. Also note that potential RLF improvements introduced for mobility challenges in Scenarios #1 and #2 may also benefit Scenario #3. Therefore we propose not to consider Scenario #3 in the discussion on mobility robustness challenges in small cell enhancements (at least in the beginning). Later on it could be checked whether the potential solutions identified for Scenarios #1 and #2 are sufficient also to cover possible challenges identified for Scenario #3.
 [CMCC]:
For this scenario, small cells are used to improve coverage (e.g. indoor). For this intra-frequency mobility case from macro cell to small cell, those observations in R11 HetNet can be referred [4]. For inter-frequency mobility case from macro cell to small cell, some challenge and discussion is similar as scenario 2. For the mobility case from small cell to small cell, whether there is problem due to frequent HOs/HO failure or not could be quantified and further discussed.

We can agree NSN and Nokia. From our point of view, scenario 3 is valid but it does not mean the specific solutions are needed and appreciated. We hope the solutions for scenario 1 and 2.e.g. mobility enhancement, cell identification, etc., are also applicable for scenario 3.
[Huawei and HiSilicon]:
When system is deployed in the form of Scenario 3, in particular for a carrier-grade network, mobility may not be a major concern (e.g., in an indoor environment). This should be especially true when the support of legacy UEs is required in Scenario 3. Hence, investigation of mobility robustness issue in Scenario 3 can have a lower priority.
[Orange]

We would be interested in this scenario small cells indoor coverage if partial overlapping with outdoor macro coverage could be considered, i.e. the macro coverage may or may not be present. In Rel-11 SI on LTE HetNet mobility enhancements UE speed and continuous deployment is considered but no fast degradation of radio conditions for outdoor => indoor mobility (co channel or separated carrier) is not explicitly addressed and what to expect in term of mobility performance.
[LGE] 

We think typical use case of scenario 3 is an indoor deployment, where the UE speed is very low. Thus, we think the mobility robustness is not a challenging issue for scenario 3.
[CATT]

Comments: As observed in Rel-11 HetNet, the challenges in the pico-only scenario (where handover only happens between pico cells) would be similar to those in the macro-only scenarios. However the macro-pico handover can happen between a macro cell and a pico cell without macro coverage, as a pico cell can be deployed in a macro coverage hole. As such, the issues discovered for the macro-pico handover in Rel-11 HetNet can be reused.
[ITRI]

If the small cells in this scenario are well-deployed by operators, there seems no big difference between this scenario and a Rel-8 scenario where only macro cells are deployed. The solutions for enhancing mobility performance in scenario 1 and 2 could be applicable for scenario 3. However, HeNBs are not precluded in the last meeting. If the small cells in this scenario are not well-deployed by operators, some possible issues (e.g., longer HO preparation time, interference, or RRM) may need to be studied.
[Pantech] 

We share the opinion on NSN. Basically, in scenario 3, we don’t see the big difference with current macro scenario. However, depending on RAN 1 discussion on small cell only (indoor) case, there might be needed more discussion if it is confirmed that there is a difference in small cell only (indoor) case but it is not clear from RAN2 point of view at this moment.

[Fujitsu]

This scenario is not investigated before so that some evaluation may be needed to determine the mobility performance, especially for inter-freq mobility. Moreover in this scenario if the handover to neighbouring inter-freq cell is delayed due to inter-freq measurement, the source eNB may not be able to select a target cell while macro cell can be chosen as a default target cell in scenario #1 and 2. Thus, in this scenario, the handover failure may occur more frequently than scenario #1 & 2 in case of inter-freq mobility. In addition, as commented for scenario#1 &2, study on the dual connectivity may also have some impact on mobility robustness of this scenario.
[ETRI]
We think this scenario is similar to the macro-only scenario and there may be no difference between this scenario and legacy single layer macro cell deployment.  From our point of view, this scenario can be covered by legacy LTE specification. However it may need more concerns about context transfer and signalling overhead according to the frequent handover.

[KDDI]

From the viewpoint of mobility robustness, Scenario #3 is similar to Rel-8 macro cell only scenario. We share other companies’ view that mobility robustness of Scenario #3 is not a challenging issue.
[Hitachi]:

We think this scenario is possible e.g. in small cell clusters. Even if there is macro coverage, it could be deployment choice whether to have dual connectivity between macro and small cells or between small cells. However, there seems no need to distinguish this scenario from scenarios #1 and #2, i.e. scenario #3 can be covered by scenarios #1 and #2 from standardization point of view. Instead of having solutions specific to scenario #3, RAN2 can check whether the solutions for scenarios #1 and #2 are also applicable to/ useful for scenario #3. Therefore we agree to Nokia and NSN approach.
[NEC]

We also share the view that any enhancements proposed for scenario 1 and 2 could be applicable for scenario 3. We think that cell edge performance need to be investigated further but this issue is not specific to scenario 3 and could also apply to scenario 1 and 2. Scenario 3 in itself won’t require any enhancements. 
[Ericsson and ST-Ericsson]

We consider that this scenario might not be so different as compared to the scenario#1 and scenario#2. Thus, same solutions and assumptions can be re-used.  With respect to macro coverage, it should be noted that also in Scenario#1, there might be coverage holes to the macro and pico nodes due to interference from the neighbouring cells. 
[New Postcom]

We think the study for sceairo#3 can be low priority. Since we can’t find obvious difference between scenario #3 and Marco cell only scenario in previous release, and it seems that mobility robustness may be not a serious issue in scenario #3. It is better to wait for solution for scenario 1 and 2 and then investigate whether it is necessary to introduce additional solution for scenario 3.
[BlackBerry]

We feel the same with other companies considering the indoor deployment for scenario 3. SCE enhancement for scenario 1 and 2 should be applicable to scenario 3 without the need of further enhancements
[IDCC]

Our view is scenario 3 is a valid scenario, but does not appear to introduce new problems that would not be covered by solutions developed for Scenarios 1 and 2. We therefore also propose scenarios 1 and 2 are first studied for mobility robustness and then it can be verified if these solutions are sufficient for scenario 3 or if anything further is necessary.
[Intel] 

For scenario#3, UE speed is typically low due to the in-door environment. On the other hand, cell radius is also very small compared with macro cells. Therefore some evaluation might be needed to investigate whether there are mobility performance issues. We also share the view that the solutions identified in scenario#1 and #2 can be considered for scenario#3 if there are mobility performance issues identified in scenario#3.
[Alcatel-Lucent ]

We also don’t see reason for additional mobility challenge in this scenario compared to others. Furthermore, dense small cell deployment is under discussion in RAN1. Therefore we think the investigation of this deployment scenario should follow RAN1 recommendation. 

[Broadcom]

We think that this scenario differs from those considered in the Rel-11 HeTNet SI for a variety of reasons (imperfect X2, S1 availability at each small cell etc.). If we assume that dual connectivity always involves a macro cell, then dual connectivity based solutions developed for scenarios 1 and 2 are not applicable to scenario 3.

[Qualcomm]

Agree with Nokia and NSN “that potential RLF improvements introduced for mobility challenges in Scenarios #1 and #2 may also benefit Scenario #3.” We don’t see a need to specifically study scenario #3 for mobility robustness.
[Kyocera]

If scenario 3 is mainly for the indoor environment we expect very low mobility; therefore we don’t except any additional issues that cannot be already handled under existing mechanisms.  Our preference is that potential solutions for scenario 1 and 2 are also applied to scenario 3.

 [ZTE]  

Also UE’s speed is low we should still not exclude this scenario from now because handover could still be more frequent considering indoor scenario will also cover big building like shopping mall etc. But we also agree with CMCC that maybe so specific solution is needed. 
[Panasonic]

This scenario appears similar to rel. 8 Macro-Macro situation but now with lower cell size/ Tx power and our comments on Scenario 2 for mobility between small cells also apply here.
[Mediatek]

From mobility point of view this scenario could be seen as a subset of scenario #2 or macro-only-scenarios, i.e. although this is a valid and real scenario we see no need to separately look at this scenario for mobility in this study. 
Rapporteur’s summary:

The majority is of opinion that this scenario is similar to the macro only deployment in Rel-8. UE speed is expected to be quite low in the typical deployment scenario for this case (in-door deployment). As such, mobility robustness seems not to be challenging. On the other hand, potential issues on inter-frequency mobility and HeNB deployment were raised. The majority also thought that a specific solution for Scenario #3 is not needed because potential solutions for Scenario #1 and #2 can be used for Scenario #3 as well. To summarise, the rapporteur thinks that mobility robustness should be removed from the expected challenges in this scenario. For this discussion, the following is proposed:
Proposal 3:

Mobility robustness is removed from the expected challenges in Scenario #3.
2.2. Difficult to improve system capacity by utilising radio resources in more than one eNB
2.2.1 . UL/DL power imbalance

UL/DL power imbalance due to different Tx power between macro and small cells was proposed as a challenging issue in heterogeneous networks on the same carrier [3, 10]. The detailed problem statement is provided in [3] (see Annex A). This issue could exist in the separate carrier deployment (Scenario #2) although it would not be considerable. In contrast, there is no power imbalance issue in Scenario #3 as there are only small cells with the same Tx power. Therefore, the rapporteur would like to ask if the UL/DL power imbalance can be confirmed as an issue.
Discussion #B1-1:

Discuss and quantify whether UL/DL power imbalance can be confirmed as an issue in Scenario #1.
Discussion #B1-2:

Discuss and quantify whether the UL/DL power imbalance issue can be an issue also in Scenario #2 
If the issue is confirmed, the rapporteur will propose to capture the details in TR as provided in [3] (see Annex A).
Companies are asked to provide their quantitative analysis below.

<Company comments>
[Nokia and Nokia Siemens Networks]

The UL/DL imbalance issue in co-channel deployments (e.g. Scenario #1) was already discussed during the standardization of eICIC. As a consequence of that, mechanisms such as Cell Range Extension (CRE) and dedicated SIB provisioning were introduced in Rel-10/11 also with the scope of minimising the impact of UL/DL imbalance issue in co-channel deployments. CRE together with the possibility to set power control parameters independently on macro and small cell should be enough to mitigate the UL/DL imbalance issue in Scenario#1. For Scenario #2, the UL/DL imbalance issue is less of a problem due to the inherently different interference conditions that UE experience on the macro and small cell layers. Since the interference experienced on the macro layer is typically higher than the one experienced on the small cell layer (due to the higher macro eNB transmission power), in practice the downlink cell border in Scenario#2 is in correspondence of a higher received RSRP from the macro cell than the corresponding RSRP from the small cell (in practice the DL cell border is in correspondence of equal RSRQ from macro and small cell). Moreover, CRE techniques are also applicable to Scenario #2 (e.g. for offloading purposes). Based on these considerations we conclude that there is no particular UL/DL imbalance issue in either Scenario #1 or #2, and therefore propose that UL/DL imbalance is not considered as a challenge in the small cell enhancements study item (or at least that this is considered with low priority).
[CMCC]:

We think the UL/DL power imbalance exists in the scenarios. For the UL, it looks more efficient for UE to send UL data to small cell due to low path loss when UE is moving near small cell. But whether the UE should receive DL data from macro cell meanwhile transmitting data UL to small cell should be further evaluated in terms of benefit and complexity from specification point of view. 
[Huawei and HiSilicon]:
The system capacity is usually defined as the number of supported UEs when the X percentile UE throughput is no smaller than Y. Unlike CA/CoMP, UE’s DL/UL data transmission would not be easily spread over resources of macro and small cells, either through explicit scheduling in CA or implicit data split in JT/DPS and data aggregation in UL CoMP. This reduced multiplexing efficiency can lead to capacity degradation. Hence, the difficulty of utilizing radio resource in more than one eNB for capacity mainly lies in the problem of flexibly transmitting a UE’s data over multiple points in the way CA/CoMP can achieve. DL/UL imbalance is only a special case of capacity impairment, where it happens to be desired to send DL data solely on one node and to receive UL data solely on another node. Hence, the more general issue is the loss of multiplexing gain to send UE data over one node when the blocking probability is high over another node. This issue exists for both Scenario 1 and 2.
[Orange]

We would prefer UL/ DL imbalance not to be remove from the challenge list especially if we consider having dual connectivity with UL to small cell and DL from macro cell. It would be better to have further evaluations for both scenarios. 
[LGE] 

For scenario 1, UL/DL imbalance can be sufficiently handled by using existing mechanism such as CRE with ABS. For scenario 2, we don’t see any remarkable issues regarding UL/DL imbalance because macro cell and small cell use different frequencies. Thus, we do not consider UL/DL imbalance as an essential challenging issue.
[CATT]

Comments: We think that the magnitude of UL/DL power imbalance depends on many of the system configurations, especially the physical layer related configurations. Then we proposed to evaluate this challenge in RAN1.
[ITRI]

We agree with CMCC that some benefits could be anticipated for both UE power saving and throughput if we consider UL/DL power imbalance. However, it could be a trade-off between the actual gain and the design complexity. Further evaluation would be necessary and we prefer not to exclude this issue at the early stage.
[Pantech] 

Our understanding is that the UL/DL power imbalance problem is not a big problem. UL/DL power imbalance problem come from the common UL power control between macro and small cell in scenario 1 (co-channel case). When we consider using DPS, the power control to macro and small cell can be differentiated. 

However, for considering simultaneous UL transmission, we think that there are a lot of factors to impact on the decision on the UL power control and we also think consider the transmission to different eNB based on several factors such as MCS level of UL data, PL per paired DL, Power control command, QoS, etc. Thus, it is premature to exclude UL/DL power imbalance problem and it is better to have chance to confirm whether or not the UL/DL power imbalance is a problem in small cell SI.

[Fujitsu]

While CRE with ABS/FeICIC can be solution for UL/DL imbalance for scenario #1, whether the dual connectivity with UL to small cell and DL from macro cell is more optimised and generic solution covering both scenario#1 and #2 should be also studied. 

[KDDI]

For Scenario #1 and #3, either CRE with ABS or DL CoMP with DPS can be used to handle UL/DL imbalance issue. For scenario #2, it is not clear that whether or not there is a critical issue due to UL/DL imbalance. Dual connectivity with UL connectivity to small cell and DL connectivity from macro cell could be studied further with a lower priority.
[Hitachi]

For scenario #1, UL/DL power imbalance between macro and small cells causes significant UL interference in the small cell and consequently throughput of small cells would be deteriorated. We do not see any significant issue that would be caused by UL/DL power imbalance in scenario #2.

[NEC]

We think that UL/DL power imbalance should be studied further for scenario 1. Also, given that dual connectivity would be supported for further enhancement, dual connectivity with UL to small cell and DL from macro cell should be studied further also in relation to splitting of traffic between macro and Pico cell e.g. different QoS over non ideal backhaul and if VoIP is supported over Macro cell and non-ideal backhaul is unable to meet VoIP QoS then such connectivity to different cells won’t make much sense. 
[Ericsson, ST-Ericsson] 

We consider that UL/DL imbalance issue exists in all scenarios even it can be considered to be more severe in the Scenario#1. First, in scenario#1 and scenario#2, due to different DL powers of macro and pico nodes, the UL and DL cell boarders are in the different places.  To compensate this difference and increase offloading area, CRE can be used. However, more aggressive CRE is used, more DL reception suffers. Especially, in Scenario#1, interference from the macro node makes reception from the pico node impossible even UL to the pico is still good. Similar phenomenon can be identified for Scenario#2 as well but in a smaller scale as interference is not present (only pathloss difference exists). Furthermore, many times UL and DL traffic load is asymmetric. This applies to all Scenarios 1, 2 and 3.  It can be assumed that in pico cells there are only few users meaning that traffic fluctuates burstly in UL and DL direction.  In order to fully exploit offloading potential as well as balance load over the network, it would be beneficial to have UL and DL connected to different nodes. According to our simulation analysis, this can improve the average user throughput to some extend (~10%) but improve cell edge user throughput much more.  Thus, UL/DL split should be considered as one design target of small cell enhancements. [New Postcom]
We think this issue has been well identified in co-channel HetNet scenario. However, it should be noted that CRE and ABS mechanisms had been already introduced in Rel-10, which can reduce impact from UL/DL power imbalance in scenario #1. We can not preclude addition mechanism (e.g. dual connectivity) that may also resolve this issue in scenario #1. Therefore, the gain and cost should be evaluated at first, in comparison to the existing eICIC mechanism. 

For scenario #2, it is still not clear whether the UL/DL power imbalance issue exists. Although the impact of interference between Marco cell and small cell is limited due to Marco and small cell layer are in different frequencies, the coverage of the small cell may still be limited due to power limited (e.g. in sparse deployment) or interference limited (e.g. in dense deployment). In these cases, the UL/DL imbalance may exist. Therefore, further evaluation should be studied for this issue in scenario #2. If this issue is confirmed, additional mechanism (e.g. dual connectivity) should be necessary.
[BlackBerry]

For scenario 1 (B1-1), there is UL/DL power imbalance in co-channel scenario. There is interference between macro-cell and small cells on the downlink. Similar to HetNet, UEs in cell range expansion area will experience strong interference from macro-cell (uplink from macro-UE, and downlink from macro-eNB). Thus (e)ICIC type of solution needs to be used in small cell scenario

For scenario 2 (B1-2), there is UL/DL power imbalance in inter-frequency scenario. No significant performance issue is expected, as compared to co-channel case. The macro-cell can signal to small cell to use cell range expansion to increase coverage area of small cell. Thus more UEs can be offloaded to small cells
[IDCC]

In our view existing solutions developed to address UL/DL power imbalance have some limitations. Power imbalance for DL tx power is about 13 dB or more (43 dBm macro with 30 dBm pico). Cell range expansion is in practice supported up to about 9 dB (using R11 FeICIC enhancements). Therefore, there is still a significant area, where the path loss differential is more than 9 dB but less than 13 dB, in which UE’s are connected to the macro and create significant UL interference to the pico (because their path loss to the pico is lower). Using existing solutions the UL transmissions of these macro UE’s can be scheduled in certain subframes (the unprotected subframes) but this reduces UL capacity  for the pico cell and also is sub-optimal from the perspective of these UE’s since they are not transmitting their UL to the closest node. We believe that dual connectivity may provide new alternative solutions that do not suffer from these limitations and therefore power imbalance should be considered an issue at least for scenario 1.
[Intel] 

For scenario #1, it is not clear whether such UL/DL imbalance really has any impact on system capacity or user experience. For example, CRE is explicitly introduced to provide pico with more offloading opportunities. Note that pico cells are mainly introduced for offloading. Even if received macro power is stronger than pico power in CRE region, macro eNB might not have enough resources to serve UEs in DL.  From a single UE perspective, it will be good that UE between DL and UL border is served by macro in DL and pico in UL, but from system perspective, UE is better served by pico in DL if macro has resource limitations. 

For scenario #2, above discussion in scenario#1 also applies. Note that in scenario#2, there is no interference issue between DL signals of macro and pico cells.

In summary, we do not consider UL/DL imbalance as one essential challenge.
[Alcatel-Lucent]

For co-channel scenario, the UL/DL power imbalance is discussed in Rel-11 eICIC. The mechanism for offloading of DL traffic was considered as the primary requirement in eICIC. Allowing the UE to receive DL traffic from macro doesn’t help with what is normally predominantly DL traffic. The usefulness of UL/DL split for co-channel scenario should be investigated compared to Rel-11mechanisums and we are not convinced that DL/UL split will bring significant gain over the already available mechanism. The UL/DL power imbalance is even less of a problem in inter-frequency scenario. 

 [Broadcom]

We think that UL/DL imbalance is an important issue for both scenario 1 and scenario 2.  While Rel-10/11 solutions have addressed this issue previously, dual connectivity deployments offer increased flexibility and potential for performance (throughput, QoS) improvement. For this reason, we would like to confirm UL/DL imbalance as an issue for both scenario 1 and 2.  

[Qualcomm]

CRE sufficiently addresses UL/DL imbalance concerns for Scenario 1. Such an imbalance is even less of an issue for Scenario 2.
 [Kyocera]

Investigation of UL/DL power imbalance issue can have a lower priority.  In general we agree there is an UL/DL power imbalance for Scenarios #1 and #2.  We do agree with NSN that UL/DL power imbalance is already handled by Rel-11 eICIC for scenario 1, but it would be interesting to explore other solutions that could provide additional benefits such as throughput gains.  For scenario #2, it isn’t clear a problem really exists. 
[NTT DOCOMO]

In co-channel scenario, the difference of Tx-power between small cell and macro cell resulting into a condition where the coverage of the small cell shrinks due to interference between macro and small cell. This will then resulting into difference of UL/DL coverage border. To increase the number of UE to be offloaded to the small cell, mechanism such as CRE (Cell Range Expansion) may be applied. However in this case, the UE in the small cell suffers strong interference from the macro cell. [3] suggested that if the UE is associated with a cell based on downlink received power (RSRP-based) then the UE may not be getting optimized UL throughput since the UL throughput is better from a cell with smaller path loss, i.e., DL/UL split.

In separate channel scenario, the interference condition is different than that of co-channel scenario. Difference in Tx-power between macro and small cell does not create a situation where small cell coverage shrinks. 
Generally the notion that “DL throughput is better towards the cell with better downlink received power, and UL throughput is better towards cell with better path loss” can be also applied in scenario#2. However, for inter-eNB CA case, assuming that both macro cell and small cell can be associated to a UE, when deciding the optimized DL/UL connection, in addition to the above notion, the eNB may need to take into account the load (e.g., user distribution) of each cell.

From the above points, although we do not think that DL/UL imbalance issue is an urgent issue for scenario#2, however it would be good to clarify and discuss mechanism that can ensure throughput improvement.
 [ZTE]

We also don’t think power imbalance is a big issue for this SI. For scenario 1, it is more or less addressed by eICIC feature. For scenario2 it could rely on eNB’s implementation. For scenario3 there is no such power imbalance issue at all. So we suggest to remove this challenge. 

[Samsung]

Provided that the aim is to serve UL in UL stronger cell and to serve DL in DL stronger cell, we see some risk to end up with significant complexity. It would be especially true if we split UL and DL of an EPS bearer to different serving cells. Probably the gain from addressing UL/DL imbalance should be huge to justify such complexity, which is not shown yet.

It should be noted that UL/DL imbalance can be addressed without additional complexity by inter-ENB CA for inter-frequency scenario if we don’t split UL and DL within a single EPS bearer but handle it in EPS bearer level (i.e. serving UL-heavier EPS bearer in UL stronger cell and DL-heavier EPS bearer in DL stronger cell).  

Our proposal is to go for the simplest case (i.e. EPS bearer level handling with inter-ENB CA in non co-channel scenario) for this release and discuss further in the next release. 
[Panasonic]

In non-ideal backhaul case connecting to different cells for UL and DL is a challenge in itself since the feedback cannot be received (except when still utilizing the weaker link in each cell but only for feedback) within a time frame that could support the HARQ operation (with a HARQ RTT of 8 ms.).CRE/ ABS-coordination helps in circumventing UL-DL imbalance challenge in Scenario 1. In Scenario 2, as long as the radio quality of the small cell is above a certain threshold (and therefore the UE can be served), we don’t see further need to investigate UL-DL power imbalance apart from deciding when to offload the UE and call it back to the Macro cell (which is more a mobility robustness problem). So, we don’t see new challenge in/ due to UL-DL power imbalance. 

On the other hand, UE throughput is expressed as multiplication of allocated resource and log(1+SINR). Even if the power or SINR is balanced among cells, it does not necessary mean it optimizes the UE throughput especially from allocated resource perspective. Allocated resource is decided by the load of cells. Between macro and small cells, macro is generally more resource limited. Then offloading to small cell is generally sufficient and it means no need of UL/DL split from load perspective. Between small cells, the load situation of UL and DL could be greatly different especially if the number of UEs is small. In such case, UL/DL split (with feedback for opposite direction sent on the weaker link) because of the load situation for data could have potential gain for UE throughput. But it may be a topic mainly for RAN1 to discuss.
[Mediatek]

We have the understanding that terminating UL and DL in different nodes is mainly an opportunity for the UL. For the DL there would be nothing more achieved in addition to current CRE and related DL interference handling mechanisms. However, there is quite large UL power control flexibility allowing the cell border to move by adjusting the UL power levels to the cell range (e.g. a DL-balanced cell border would require higher UL power levels in the small cell than a more UL-balanced cell border). It is not clear to us that there would be significant gains by trading cell splitting gains for more optimal power/interference levels but it seems there could be some UL radio gain for UEs that are power limited in the cell edge areas. Anyway we have a concern that the analysis of the UL/DL power imbalance and the solution to terminate UL and DL in different cells may take significant time in RAN2, and if done at all, maybe could be done with lower priority.
Rapporteur’s summary:

For Scenario #1, company views are summarised as follows:
· UL/DL imbalance should be considered as a challenge:

15 Supporting companies: 
CMCC, Huawei/HiSilicon, Orange, ITRI, Pantech, Fujitsu(?), Hitachi, NEC, Ericsson/ST-Ericsson, New Postcom, BlackBerry, IDCC, Broadcom 
· UL/DL imbalance should not be considered as challenge (as the existing solution, i.e., (F)eICIC can address this issue):

13 supporting companies:
Nokia/NSN (at least lower priority), LGE, CATT (should be discussed in RAN1), KDDI (lower priority), Intel, ALU, Qualcomm, Kyocera, ZTE, Samsung(?), Panasonic, MediaTek
There was no majority view to acknowledge this issue as there was an opinion that the existing mechanisms, i.e., (F)eICIC can address the UL/DL imbalance issue. On the other hand, potential offloading gain was commented in light of asymmetric characteristics of UL/DL traffic load. 
For Scenario #2, company views are summarised as follows:

· UL/DL imbalance should be considered as a challenge or studied to confirm the issue for further:

10 supporting companies:
CMCC, Huawei/HiSilicon, Orange, ITRI, Pantech, Fujitsu(?), Ericsson/ST-Ericsson, Broadcom 
· UL/DL imbalance should not be considered as challenge (as the existing solution, i.e., (F)eICIC can address this issue):

16 supporting companies: 
Nokia/NSN (at least lower priority), LGE, CATT (should be discussed in RAN1), KDDI (lower priority), Hitachi, New Postcom, Black Berry, Intel, ALU, Qualcomm, Kyocera, NTT DOCOMO, ZTE, Samsung(?), MediaTek 
In contrast to Scenario #1, more companies thought that there would be no issue (or the issue is less significant) as there is no interference from the macro cell layer. One potential issue would be the path loss difference. It was also commented that a potential solution (inter-site eNB CA) could address the UL/DL imbalance issue for this scenario. 
Therefore, the rapporteur thinks that for Scenario #1, this issue should be discussed further to understand whether the existing solution is enough or not and study the gain of potential solutions (e.g., DL/UL split) compared to the existing solution. For scenario #2, this issue should be lower priority and will be investigated later whether potential solutions studied for the other challenges can also address this issue. As mentioned at the beginning of this subsection, there is no power imbalance issue in Scenario #3. It should be removed from the challenges. For this discussion, the followings were proposed:
Proposal 4-1:
UL/DL power balance in Scenario #1 is captured as a challenge in the TR. Whether the existing solution (i.e., (F)eICIC) is sufficient should be studied for further. The additional gain of potential solutions compared to the existing solution should be clarified if studied.
Proposal 4-2:
For Scenario #2, this issue is also captured in the TR. However Specific solutions for this challenge will not be discussed in this study. It will be investigated later whether potential solutions for the other challenges can address this issue if needed.

Proposal 4-3:
This issue is removed from the expected challenges in Scenario #3.
2.3. Increased signalling load due to frequent handover
Increased signalling load (e.g., to CN) due to frequent handover (and subsequent UE context transfer between eNBs) was also expressed as a challenging issue by many papers (e.g., [2, 3, 11]). As non-ideal backhaul between macro and small cells was agreed to assume in this study [1], those macro and small cells are likely to be served by different eNBs. As such, the HO signalling to CN (S1 Path Switch) is inevitable. Increased HO signalling load seems obvious in all scenarios. Nevertheless, the quantitative analysis would also beneficial to understand to what extent the HO signalling load will be increased. The same assumption as the HetNet SI can be reused [4]. Alternatively, the assumption for the eDDA WI can be reused as proposed in [12]. Therefore, the rapporteur would like to ask interested companies to provide the quantitative analysis.
Discussion #C:

Discuss and quantify the increased HO signalling load for each scenario
Companies are asked to provide their quantitative analysis for their interested scenarios below.

<Company comments>
[Nokia and Nokia Siemens Networks]

When mobility happens in Scenarios #1 and #2, whether handover procedure occurs depends on the network implementation (e.g. in case of overlapped coverage from macro and small cell, it is up to network side whether to handover UE from macro layer to small cell layer or not). However, once handover happens (e.g. X2 handover between macro cell and small cell) S1 path switch procedure is invoked to CN inevitably. In Scenario #3 where no macro coverage is available, the only choice is to handover the UE from one small cell to another small cell, and path switch procedure is needed as well. Under dense deployment of small cells, based on our preliminary simulation results, we observe a significant increase in mobility events – e.g. in Rel-11 HetNet Scenario and depending on the UE speed, between 55% and 85% more handovers when going from 2 to 10 small cells per macro cell area). Such an increase of mobility events inherently implies a significant increase in signaling load towards the CN and signalling load between source and target eNBs, together with increasing signaling between UE and network side for the scenarios considered in Rel12-SCE. On the other hand, we can also observe that the increase in mobility events is not in the same order of magnitude as the corresponding increase in small cell densification. Based on these considerations we think that increased signalling load due to frequent handover should be recognised as a challenge of small cell enhancements, though the trade-off between the gains provided by reducing the signalling load and the complexity of the required solution(s) should be carefully considered.
[CMCC]:

We think the increased handover signalling overhead challenge exists in above scenarios due to the dense small cell deployments. Considering the necessary performance evaluation requirements, we think the simulation results in HetNet SI and eDDA WI can be referred. With regard to the observation in HetNet SI, for intra-frequency case, we can see in dense pico cell deployment under full system load under constant system load, the number of HOF/UE/s increases with the number of pico cells [4]. 
[Huawei and HiSilicon]:
Since UE needs to be connected to a small cell to take advantage of hotspot, handover can’t be avoided in legacy system. Frequent handovers will increase the signalling towards CN. This is true in both Scenarios 1 & 2. Evaluation results collected in Rel-11 HetNet mobility SI and eDDA WI can be used as reference.
[Orange]

We agree that the increased HO signalling load for scenario 1 and 2 exists for dense small deployments. Already mentioned solutions in former contributions such as control/ user plane split would be interesting to study (same assumption as the HetNet SI and eDDA WI can be referred to) to have more detailed gains about capacity improvement and no degradation of mobility performance
[LGE]

In the SCE SI, we consider dense deployment of small cells as well as sparse deployment. With the dense deployment, it is foreseen that frequent handovers would occur, e.g. macro-to-pico, pico-to-pico, macro-to-macro, and pico-to-macro. As a consequence, significant signalling overhead is expected from the frequent handovers. Thus, we think increased signalling overhead is a key issue in SCE SI for all possible scenarios.
[CATT]

Comments: The CN signalling load due to frequent handover is a common issue for Scenario #1, #2 and #3. But it seems there is no need to consider different traffic types while trying to minimizing CN signalling. 
[ITRI]

Based on the simulation results of HetNet [4], we can conclude that signalling load will be heavy in a heterogeneous network due to frequent handover, especially with dense small cell deployments. How to mitigate signalling overhead in these three scenarios is definitely a critical issue.
[Pantech] 
We agree to the point that the signalling to CN incurring path switch is increased due to the dense small cells deployment. However, we think that the first step is to identify whether it is a considerable problem to systems as in the case of MTC. In the MTC, the main point of the problem is that huge signalling to CN could happen almost at the same time due to the characteristics of machine type communications, which is a spike of the amount of signalling that the systems should handle at the same time. In other words, the problem was the concurrence of huge signalling rather than the signalling amount itself. However, it is not clear in small cells case whether it has the similar characteristics that the MTC has. Of course, it is always good to minimize the amount of CN signalling but on the other hand, it is better to identify what problems we want to solve. i.e. the amount of signalling itself or the concurrence of the huge signalling. Depending on this difference, the approach to tackle the issue might be different.
[ETRI]
In dense small cell deployments, the handover probability is commonly higher than macro cell only deployments. Frequent handovers cause both increase of signalling load to CN and frequent context transfer between network nodes. We think the higher signalling load due to handover may occur all scenarios described in this document. Thus it is necessary to identify challenges about higher signalling load and to need a potential solution to resolve it.

[KDDI]

The signalling load increasing issue introduced by frequent handover is common for Scenarios #1,  #2 and #3. Moreover, degradation of UE's QoE performance degradation may be remarkable due to the frequent handover introduced by small cell development. Therefore, how to avoid the frequent handover is a quite important challenge in Rel-12 SI on small cell enhancement and should be studied with a higher priority.
[Hitachi]:

Since the number of handovers increases as more small cell are deployed, handover signalling load is an issue in scenarios #1 and #2. This is due to handing UEs over to small cells from the macro cell for offloading or higher throughput.

[NEC]

The numbers of handovers are increased in dense deployments. In terms of signalling reduction towards the CN, we think we should evaluate the gain, complexity, and restrictions. In Scenario #1 and #2, the network may try not to move a high speed UE to small cell layer in order to reduce the handover signalling. But the estimation of UE speed is not so good/realistic and thus even high speed UE may move to small cell layer. Hence, the signalling to CN due to handover should be considered as a potential issue. In Scenario #3, regardless of UE speed, all the UEs stay in small cell layer and the signalling to CN due to handover will be a challenging issue
[Ericsson, ST-Ericsson]
In the heterogeneous mobility study item, it was identified that the number of handovers increases when pico nodes are deployed. Increased amount of handovers may imply increased amount of signalling messages over the radio interface between the source eNB and the UE, signalling over X2 as well as signalling towards MME and S-GW.   However, it should be noted that handover signalling is only a small fraction of the total signalling load in different nodes.  Furthermore, we consider that a detailed evaluation of signalling impact towards CN and necessity of any solution should be done in other working groups such as RAN3. 
[New Postcom]
Considering the increasing number of deployed small cells in Rel-12 SCE scenarios, it is obvious that more frequent handover will happen in scenario 1 and 2. Naturally, signalling load will grow up due to increased handovers, which needs to be minimize in both CN and air interface aspects.
[BlackBerry]

The frequent HO due to the limited coverage of the small cell and additional coordination between the cells increase the signalling, but in dual connectivity, this HO can be made transparent to the CN by anchoring to the master cell, e.g. the macro eNB. If there is no dual-connectivity, signalling overhead due to handover (path switch, UE context transfer) will increase with the number of small cells deployed. It is to be studied how big this portion is compared to the total amount of signalling to CN.
[IDCC]

Clearly since there will be significantly increased signalling for frequent small cell handovers this should be considered a challenge for scenarios 1 and 2. 
[Intel]
We agree that there are increased HO signalling load for scenario #1 and #2 compared with macro-only deployment, due to the dense small cell deployments. 

Simulation assumptions are a general question which is also applicable for other questions in this email discussion. We could consider assumptions in HetNet SI or eDDA WI; we can also consider deployment assumptions (which are specifically targeted for small cell SI) that RAN1 is developing.
[Alcatel-Lucent]

We think that not only the CN signalling but also the RAN signalling should be considered for fair evaluation. The legacy handover creates CN signalling due to path switch and data forwarding. The dual connection increases the X2 signalling due to the dual connection configuration.  Hence when considering the combination of CA and RAN signalling, it is not clear of overall signalling reduction. However, we think the user plane interruption due to increased number of handovers needs to be investigated and should be minimised.  

[Broadcom]
We agree that there will be more handovers in dense small cell deployments.  Also depending on the solution adopted, (say, using an anchor eNB as proposed in R2-130265 and R2-130572), there can be different tradeoffs between load on the X2 and S1 interfaces. So we believe that this topic will need to be addressed.

[Qualcomm]

S1 Signaling load is impacted by small cells in two ways: increased amount of handovers, as well as increased number of UEs in or transiting to/from  Connected mode including connected DRX. With 10 Picos in a Rel-11 HetNet scenario, we observed up to 150% increase in handovers. This is compunded by the unavoidable scale-up in number of served UEs. Techniques to reduce Path switch signaling over S1 should be considered.

The issue can studied for both CA and non-CA UEs, including legacy UEs, according to signalling and metrics proposed in [12].
[Kyocera]

It’s obvious signalling load (e.g., to CN) is increased if frequent handovers occurs. Considering the small cell’s short range transmission path, a large number of handovers would occur in dense small cell deployment scenario. Therefore we think both scenarios 1 & 2 will experience increased signalling load due to frequent handover. We agree Rel-11 HetNet mobility SI and eDDA WI’s evaluation result can be used as references. 
[NTT DOCOMO]

The number of signalling load to CN (either for X2 handover of S1 handover) will increase whenever handover occurs in the following cases:

1. Coverage area built by several small cells instead of one macro cell (scenario #3)

In this case, the signalling increases according to the number of small cells.

2. Small cell is added inside a macro cell area (e.g., for capacity boost purpose) (scenario #1&2)

In this case, the signalling increases 2 times for each small cells involved in handover.

Therefore, we think the number of signalling load towards CN due to handover in the above cases should be considered as one of the challenging issues.

 [ZTE]

For both scenario1 and 2 this challenge exists for the signalling overhead towards core network. Actually signalling overhead over X2 is increased also but has less impact to the whole system. In scenario3 if handover between small cells are also too frequent signalling overhead to CN should also be considered considering handover is something unavoidable. 
[Samsung]

In general, HO signalling load is the function of UE speed and the number of cells in UE path. It is highly dependent on small cell deployment strategy which may be quite different operator by operator.

As a very draft analysis, let’s assume the scenario depicted in 5.4.5.1 of TR 36.839
· Macro cell ISD is 500 m

· Each of the pico cells are placed at the centre point on the border between two macro sites at 0.5 ISD.
Assuming UE is moving at a constant speed and a constant direction, UE crosses 3 cells (one macro & 2 pico) per 500 m. It involves two handovers per 500 m (from the pico 1 to the macro and then from the macro to the pico 2).

One handover involves number of control message exchanges; 3 RRC messages, 4 X2 messages and 4 control messages to/from/within EPC nodes.

Table below shows the signalling load in 10 minute time scale.

	
	3 km/h 
	30 km/h 
	 60 km/h 
	 120 km/h 

	# of handover 
	2
	20
	40
	80

	# of RRC messages 
	6
	60
	120
	240

	# of X2 messages 
	8
	80
	160
	320

	# of control messages with CN 
	8
	80
	160
	320


It seems not very bad. However if the number of small cells per macro cell increase, the situation would change drastically because the number of handovers increases twofold (2 HO if one small cell in the path, 4 HOs if two small cells, 6 HOs if three small cells and so on) 
[Panasonic]

It will be good if this discussion can be preceded with (or in parallel to) the discussion on architecture required for SCE. Some of the challenge may then be eliminated (e.g. CN load) and we can focus on the remaining challenges (radio load).
[Mediatek]
This challenge should be in the scope of the SI, to make it possible to make the networks dense, taking new high spectrum into operation with limited requirements towards CN control plane capacity extension.
Rapporteur’s summary:

The majority was of opinion that the increased amount of signalling due to handover should be considered as a challenging issue for scenario #1 and #2. Several companies commented that the issue will also exist in Scenario #3. The amount of increased handover is provided by Nokia/NSN and Qualcomm from their preliminary simulation results (e.g., 55 to 85 % more HOs if 2 to 10 small cells are deployed per a macro cell). The number of increased handover messages was also provided by Samsung, assuming 2small cells per a macro cell. As for the evaluation of potential solutions, overall signalling load within RAN and EPC should be taken into account as commented by Ericsson/ST-Ericsson and ALU. RAN3 may be involved with signalling load assessment. 
The rapporteur believes that the challenge itself has been acknowledged. Further analysis is needed to quantify how this issue is challenging. The rapporteur would like to invite simulation results for the next meeting. For this discussion, the following is proposed:
Proposal 5:
Increased signalling load due to frequent handover is captured as a challenge for all scenarios in the TR. Simulation results are invited for RAN2#81bis to quantify this issue and capture the results.
2.4. Difficult to improve per-user throughput by utilising radio resources in more than one eNB
To improve user throughput utilising radio resources in more than one eNB, the following expected challenges were proposed:
· Limitation due to non-ideal backhaul [3, 9, 13]

Realising Rel-10/11 CA and Rel-11 CoMP with non-ideal backhaul was proposed as challenging [3, 9]. This was confirmed in the last meeting [1]. Due to this, highest data rates might not be obtained especially in the inter-frequency scenario. Degrading QoS on small cells with non-ideal backhaul was also raised as a concern as well as the delay of C-plane connection setup [13]. It was also raised as the challenge where radio resources of small cells deployed at the macro cell edge would not be utilised well as excerpt from [9] below:
If the macro cell edge is also the area boundary served by the different eNBs, and small cell is deployed as such that it covers the area boundary of different eNBs as illustrated in Fig.1, there would be a region that CA/CoMP cannot be configured (Region #A in Fig.1). This is because Rel-10/11 CA/CoMP can only support the case where all serving cell/TPs are served by the same eNB.
[image: image1.emf]Macro eNB#1

Macro eNB#2

Small cell

Region #A




Fig.1
Issue on small cell deployments at the macro cell edge.
· Limitation to utilise multiple eNB resources depending on QoS characteristics [3]

The following limitation as excerpt from [3] was raised:
Another limitation of the current architecture is that it is not possible to split traffic over multiple eNBs depending on QoS characteristics of each traffic type etc. Currently, when a handover is initiated, the target eNB is asked to admit all the bearers of the UE. If for some reason, such as overload situation, some of the bearers can’t be admitted at the target eNB, the source eNB can either cancel the handover (and possibly try another candidate target) or accept it and handover the UE to the target, which will result in the release of the non-admitted bearers.
Those issues are relevant to Scenario #1 and #2. However, it is not precluded to investigate for Scenario #3. The rapporteur would like to ask if the above issues can be confirmed as challenge to improve user throughput.
Discussion #D1:

Discuss whether the above issues can be confirmed as an issue in Scenario #1/#2 (and #3 if any).
If confirmed, the rapporteur will propose to capture the details in TR.

Companies are asked to provide their views.

<Company comments>
[Nokia and Nokia Siemens Networks]

We think that realizing Rel-10/11 CA with non-ideal backhaul is an important challenge to be considered for Rel-12 small cell enhancements. Enhancements related to this challenge are expected to provide significant gains especially in Scenario #2 (i.e. CA), though also in Scenario #1(i.e. CoMP) there might be potential gains to harvest. 

Degradation of QoS on small cells with non-ideal backhaul is a challenge mainly in presence of delay for sensitive services such as VoIP, and only if the reference is small cell deployments with ideal backhaul. Of course the RLF for VoIP needs to be reduced in case of small cells (as compared to macro-only scenarios), but offloading to small cells traffic with high QoS (i.e. low latency) requirements seems generally not desirable. Actually one of the identified challenges for small cell enhancements is indeed to allow offloading towards small cells of “selected” radio bearers based on their QoS requirements. However, if small cells are deployed to cover macro layer coverage holes (i.e. Scenario #3), this might actually represent an issue. Therefore, we suggest that degradation of QoS on small cells with non-ideal backhaul is only considered as a challenge in Scenario #3. 

We think that allowing split of data traffic over multiple eNBs depending on the QoS characteristics of each traffic type should be considered as a challenge for small cell enhancements. A typical use case would be a UE simultaneously running a VoIP call and a data application. When entering the coverage area of a small cell, only the data application could be offloaded to the small cell. We think that offloading enhancements should also be considered for cases where the UE is not able to receive data from the macro and the small cell at the same time (i.e. non-CA capable UEs in Scenario#2). Such terminals will of course not be able to utilize resources from more than one cell simultaneously, but efficient support of load balancing and offloading would be important for these as well.

Finally, the issue of non-optimal resource utilisation of small cells deployed at the macro cell edge can definitely be recognized as a challenge. However, we see this as a special case of the challenge of limitation due to non-ideal backhaul, and therefore this should not be included as a separate challenge/issue in the TR.

[CMCC]:

We think the use case shown in Fig.1 is not a typical case, and current scenario definition including  scenario1 to 3 can cover it. For non-ideal backhaul case in scenario 1 to 3, some enhancements, e.g. inter-eNB CA, between different cell eNB can be a potential solution to improve the throughput and avoid the degradation of QoS. But the relation between inter-eNB CA with dual connectivity in R12 small cell should be clarified firstly.  
[Huawei and HiSilicon]:

Achieving the utilization of radio resource over multiple eNB for higher UE throughput is a challenge when non-ideal backhaul is deployed to connect small cells with macro cell and with other small cells. Non-ideal backhaul prevents the use of centralized scheduler to pool in radio resources from multiple nodes for data transmission of a UE. This will reduce the achievable per-UE throughput. This also limits the capability of network to steer UE traffic based on QoS requirement, e.g., VoIP data on macro and best effort data on small cell. These problems exist in both Scenario 1 & 2, and in Scenario 3 if there are overlapping coverage among those small cells.

The difficulty of utilizing radio resources of a small cell when it is across boundary of two macro cells can be an issue, especially when most of UE data traffic is offloaded to small cell and macro cell is mainly used to maintain RRC connection. Hence, it is an issue of reducing the interruption of UE data service during HO between macro cells, with the continuous use of small cell for offloading.     

[Orange]

Deployment of small cell at cell edge is a relevant field’s scenario. We consider maintaining dual connectivity using the same small cell should be possible when the UE is handed over between macro eNBs. Inter-site (& inter-layer) CA with non-ideal backhaul can be a very important potential benefit of dual connectivity and it should be part of the study. However the issue of non-optimal resource utilisation of small cells deployed at the macro cell edge as a challenge not only in term of non-ideal backhaul limitation but also in term of mobility. What can be expected in Region #A if Macro eNB#2 is present (or not)?
[LGE]
As we know, Rel-10/11 CA is limited to intra-eNB case and Rel-11 COMP works under ideal backhaul. Thus, considering non-ideal backhaul that we assume for small cell study, we think it would be difficult to efficiently utilize radio resources between macro cell and small cell, if we rely on the existing mechanisms. As a result, we think how to overcome the limitation due to non-ideal backhaul should be considered as an essential challenging issue for this study.

Utilization of multiple eNB resources depending on QoS characteristics is essential for increasing user throughput. In Rel-10/11, the CA/COMP technique can serve this purpose. However, in small cell environment, the CA/COMP technique cannot be used due to the reason addressed above. Thus, we consider it a challenging issue as well.
[CATT]

Comments:  Rel-10/11 CA and CoMP are not able to support the non-ideal backhaul scenarios. And due to the backhaul latency, the small cell may not be able to support services with higher QCI requirements. Thus the UE which is handed over to the small cell layer may drop some real-time services. Solutions like inter-eNB CA or CoMP supporting non-ideal backhaul could be considered to improve UE throughput.
[ITRI]

In our opinion, inter-eNB CoMP and CA with non-ideal backhaul could be a good starting point for scenario 1 and scenario 2, respectively, to improve per-user throughput by utilising radio resources in more than one eNB. But, there are still many challenges to achieve inter-eNB CoMP and CA with non-ideal backhaul. Also, possible dual connectivity techniques for both mobility robustness and inter-node resource utilization should be considered. 
[Pantech] 

We think that the multiple eNB utilization depending on the QoS characteristics would be one of the main challenges. In order to improve per-user throughput by utilising radio resources in more than one eNB, it is expected to be able to split traffic over multiple eNBs depending on QoS characteristics of each traffic type etc. In general, we think that the offloading a part of data traffics per UE is more efficient way for load balancing than offloading the UE themselves using handover. For example, delay sensitive real time services are provided through macro cell layer whereas data services like file transfer are provided through small cell layer.
 [ETRI]
Radio resource utilization over multiple eNBs can significantly help to increase user throughput and it can also efficiently support load balancing of radio network. Nevertheless it is beneficial for UE to communicate with multiple eNBs depending on QoS characteristic of traffic type, UE mobility and DL/UL channel condition. However since cooperation among multiple cells with non-ideal backhaul is very limited to obtain sufficient gain, we think that we should focus on potential solution to achieve these requirements. And it seems that problems caused by cooperation with non-ideal backhaul may be in scenario #1 and in scenario #2, mainly.

[KDDI]

When backhaul is assumed to be non-ideal, how to improve per-user throughput by utilising Rel-10/Rel-11 CA and Rel-11 CoMP are challenging issues. However, such issues seems will be covered by either Rel-12 CA enhancement WI or Rel-12 CoMP enhancement WI. If such issues are considered as challenging issues in Rel-12 SI on small cell enhancement, clarifications are needed to avoid overlapping.
[Hitachi]

For scenario #1, practically, small cells will be deployed around the cell boundary since small cells would suffer from severe interference from the macro cell if they are deployed around the center of the macro cell. If this is true, the problem pointed by NTT DOCOMO in [9] will result in inefficient small cell usage and may also increase the network configuration effort (e.g. whether a small cell should be associated with macro #1 or #2 in Fig. 1). The problem is also true for scenario #2, but more serious in scenario #1. 

[NEC]

We think degradation of QoS over non ideal backhaul is an issue with scenario 1 and 2 and not so sure if anything can be done about scenario 3. 
[Ericsson, ST-Ericsson]

We consider that utilizing Rel-11 CA and COMP is not possible with non-ideal backhaul between the nodes. This limitation introduces some challenges as discussed next. 

First, in Scenario#2, it is not possible to serve a single UE over multiple frequencies used by different nodes and thus also maximum data peak rates typical for carrier aggregation cannot be achieved.  It can be assumed that peak rate enhancements are relevant in the case when the network load is on low or moderate level. In the high load scenario, the UE anyway gets only a fraction of the capacity and thus peak data rates are not achieved anyway.

Second, different services and bearers have different characteristics. For example, VoIP traffic has low bitrate but rather high packet loss and delay requirements. On the other hand, best effort traffic constituting from web traffic and TCP flows benefits from higher bitrates but is less delay sensitive as compared to VoIP traffic. When the UE moves around many pico cells but is still in the macro coverage area, it can be beneficial to keep some bearers in the macro layer whereas pico cells can be used to boost bitrates for other bearers.  This improves end-user satisfaction as well as simplifies network operation.  

Finally, one challenge related to per-user throughput as well as the system capacity (topic 2.3) is that the best link changes rapidly especially in the cell edge. Currently, changing transmission point of user plane data involves a handover procedure having latency. This reduces efficiency of offloading. If the UE would have connectivity to multiple eNBs simultaneously, then also data rates especially in the cell edge could be enhanced. This can be considered as a challenge especially for Scenario #1 and #2.
[New Postcom]
Considering current mechanisms, we think it is a challenge to utilize radio resources based on the case that small cell deployed at the macro cell edge. For the issue about utilization of multiple eNB resources depending on QoS characteristics, the main concern is non-ideal backhaul cannot provide ideal transmission delay to bear all traffics for utilizing radio resource of multiple eNBs, which exists in scenario #1 to #3. Comparing with ideal backhaul, non-ideal backhaul cannot satisfy all types of QoS requirements, which implies that only limited traffic types (with low QoS requirement) can be scheduled cross cells in these Rel-12 scenarios. Considering on above issues, new solutions (e.g. dual connectivity) can be evaluated to solve these issues.
[BlackBerry]

It may be difficult to improve per-user throughput by utilising radio resources in more than one eNB in scenario 1 and 2 but it is more severe for co-channel macro coverage in scenario 1. These issues exist assuming non-ideal backhaul and existing designs. In the inter-frequency the macro and the small cell can occupy different frequency. Not sure it will apply to scenario 3
[IDCC]

Non-ideal backhaul creates additional difficulties to efficiently maintain QoS when utilizing resources of more than one eNB. In order to make best use of resources of more than one eNB and properly support QoS requirements split of DRB’s between eNB’s as well as multi-flow where a radio bearer maybe supported on both macro and small layers should be considered. Further it is our view the case of a small cell under coverage of more than one macro eNB should also be considered a challenge for scenarios 1 and 2 as this case is also not addressed by R10 carrier aggregation or R11 CoMP solutions
[Intel] 

We think that there might be QoS issues if UE is served by small cells with non-ideal backhauls, and dual connectivity is one potential solution to address the limitation.
[Alcatel-Lucent]

Realising CA and CoMP with non-ideal backhaul is a challenge which should be studied in small cell SI. The achievable UE throughput enhancement with multiple carrier connections when considering the typical non-ideal backhaul latency is expected to be lower than that of Rel-10/11 CA or CoMP enhancement.  The performance should also be compared to efficient load balancing performance when selecting solutions. 

With regards to QoS and C-plane latency, we are not clear of how QoS can be degraded on small cell with non-ideal backhaul or how a C-plane connection setup delay can be increased due to the non-ideal backhaul in the legacy system.  Our understanding is that if a solution such as dual connection support between the macro and small cell is to be designed in Rel-12; the architecture should be designed taken into account the non-ideal backhaul delay. However we do not see this as a challenge rather a requirement which should be taken into account in the solutions.

The issue of non-optimal resource utilisation of small cells deployed at the macro cell edge (as shown in fig.1) is in our understanding, an issue could have been avoided in the deployment. Furthermore, when considering the cell edge scenario, we wonder how much UE throughput enhancement is achieved with aggregating the carriers in typical load scenario when compared to the UE is being served by the small cell while in region A. 

The problem described related to limitation to utilise eNB resources depending on QoS characteristic could only result in a scenario where the UE is in the coverage of both source and target eNBs and both source and target eNBs are over loaded.  If the target eNB is not overloaded, the target eNB can accept all the established bearers. Similarly, if source is not overloaded, there is no need for handover due to load balancing.  We think this is problem could be avoided with proper load balancing mechanism such that the established bearers of the UE could be served by either the source or target eNB.

[Broadcom]

We think that non-ideal backhaul renders Rel10/11 CA and COMP unsuitable for small cells. We agree with Pantech  that multiple eNB utilization based on QoS will be one of the main challenges of the small cell SI. Our opinion is that these issues are relevant for all three scenarios.
[Qualcomm]

Non-ideal backhaul is an important case to be considered for the SI. Splitting the traffic across two eNBs is one of the main items that the study should address for scenarios 1 and 2. Rather than HO cancellation procedures, MLB should be used to handle scenarios where cells are overloaded. 

[Kyocera]

We think improving the user experience by offering more useable BWs is challenging but important.  So Rel-10/11 CA over multiple eNB with non-ideal backhaul should be considered for Rel-12 small cell enhancements. The basic goal is not too different from what is already discussed for CA. In CA, the Type 4 scenario with RRHs appears to have the basic tools needed to support dual connectivity since the UE is simultaneously connected to the macro cell and the small cell (RRH).  However, Type 4 CA is not intended for C-plane, U-plane decoupling. And further enhancement may still be needed.  Additionally, Type 4 CA does not address the general case where the small cells are not RRHs. Therefore, in general, there is currently no existing mechanism that allows the UE to be simultaneously served by two non-co-channel cells belonging to different eNBs.
An issue on small cell deployments at the macro cell edge described in Fig.1 does exist. And we agree with Nokia and NSN that this as a special case of the limitation due to non-ideal backhaul and should be treated as a separate challenge.
 [NTT DOCOMO]:

Rel-10/11 CA enables to increase user peak throughput significantly. However, there exists the limitation that CCs served by  the same eNB can be aggregated. This will cause a case such that UE cannot experience higher throughput utilizing CA. Specifically, we consider the following issues: 

· Problem 1: CCs served by different nodes with non-ideal backhaul connection cannot be aggregated.

This is because the current Rel-10/11 CA assumes ideal backhaul (i.e., RRH). If the small cell is deployed in the area where the optical fiber is not available, UE cannot fully utilise the potential CCs, even if the UE is capable of CA. Due to such restriction, users may not be able to experience higher throughput.

· Problem 2: Small cells deployed at the boundary of different macro-eNBs 

When the small cell is deployed covering two different macro cells, only a part of the small cell can be utilised as SCell, since the small cell is associated only to one of the macro cell. In this case, some users may not be able to use optimally the small cell and may not be able to experience higher throughput. 
When an operator deploys a number of small cells to obtain larger capacity, this kind of deployment case will not be a rare case.

If we keep the mobility on Macro-cell taking the concern indicated in 2.1.2 into account, above utilization should be considered. Moreover, although the small cells will be deployed in the congested area, we think that by enabling utilisation of small cell as SCell independent to which macro cell it connected, user can have more opportunity to experience a good throughput, when not in congested. Furthermore, from operator’s point of view, higher throughput will be one of the attractive aspects for the market.

[ZTE]

We also think this is an critical challenge in this SI. It seems that we have common understanding that only bearers with adorable QoS will be split to the small cell, but still the performance could be not so desirable if no further solution is to be introduced.
[Samsung]

We are not sure whether per-user throughput enhancement is important fact to be considered especially if it is mainly about maximum data rate. It may need further discussion. Probably, we need to clarify first whether achieving the theoretically maximum throughput only for limited scenarios is something we need to consider in designing our system. 
[Panasonic]

Improving per-user throughput of a median user should be an important consideration of SCE SI. This may not be a direct consequence of blatant offloading of users to small cells. So, from this perspective we see the problem as inability to use CA for (non-CA capable) UEs and inability to have non-ideal backhaul CoMP. Therefore the main challenge is in deciding the UE’s association point (macro or small cell) while ensuring a throughput improvement for ‘this’ UE.
 [Mediatek]

The current system only supports handover as the inter-eNB cooperation method, which do not allow simultaneous use of resources controlled by different eNB. CA and COMP can be used as cooperation technologies with differently located antennas, by distributed eNB implementation with “perfect” intra-eNB backhaul. Supporting CA and/or COMP as inter-eNB cooperation technology would a) give more flexible deployment, b) address the problem outlined in Fig 1. As COMP is a L1 technology and is only applicable to intra-frequency scenario, we suggest that the small cell SI should focus on inter-eNB Carrier Aggregation or similar L2 centric aggregation. Once it is agreed to support an aggregation technology making possible to simultaneous use of resources in multiple eNBs, it can be discussed how to multiplex traffic on the cells. In case of significant QoS differences it may indeed be desired to try to keep certain traffic on QoS guaranteed layer. We note that DSL backhaul does contribute significantly to latency. 

We support addressing the new challenge outlined below as proposed by Ericsson. Dual connectivity gives a good opportunity to do fast switching between cells or even simultaneous data transfer with real time link adaptation with multiple cells on different eNBs. We are not sure there would be a significant system capacity enhancement, but there should be a general peak rate enhancement and a cell edge throughput enhancement for users in tricky radio conditions. 
Rapporteur’s summary:

Most of companies were of opinion that realising CA/CoMP with non-ideal backhaul is an essential challenge and should be considered for this study. This was acknowledged for Scenario #1 and #2 because of non-ideal backhaul connection between macro and small cells. Wrt. the issue illustrated in Fig.1, although some companies have doubts whether this issue should be considered as a challenge since e.g., it can be solved by deployment, some companies think that this should be considered as the part of the challenge. In contrast, it was not clear from the received comments whether small cells in Scenario #3 are connected with non-ideal backhaul and then the same issue would exist. 

Potentially degradation of QoS on small cells with non-ideal backhaul applies  for all scenarios including Scenario #3 (if small cells are deployed at the macro layer coverage hole). Thus, utilising multiple eNB resources depending on QoS characteristics, e.g., traffic splitting over multiple eNBs, was also proposed. On the other hand, taking into account non-ideal backhaul in the architecture design was regarded as a requirement rather than a challenge. The rapporteur agrees that requirements/design goal should be discussed and captured in the TR separately. For this discussion, the followings are proposed:
Proposal 6-1:
The following issues are captured as challenges in the TR.
1) Realising CA/CoMP with non-ideal backhaul (Scenario #1 and #2)

2) Degradation of QoS on small cells due to non-ideal backhaul (all scenarios)

Proposal 6-2:
Requirements/design goals for the identified challenges are captured separately in the TR.
In addition, the following challenge for improving user throughput as well as system capacity was proposed:

One challenge related to per-user throughput as well as the system capacity (topic 2.3) is that the best link changes rapidly especially in the cell edge. Currently, changing transmission point of user plane data involves a handover procedure having latency. This reduces efficiency of offloading. If the UE would have connectivity to multiple eNBs simultaneously, then also data rates especially in the cell edge could be enhanced. This can be considered as a challenge especially for Scenario #1 and #2.

Since there is no feedback on this challenge, the rapporteur would like to ask interested companies to provide their opinions for confirmation. More detailed information will also be helpful to understand this challenge.
Discussion #D2:

Discuss whether the above issue can be confirmed as an issue in Scenario #1 and #2

If confirmed, the rapporteur will propose to capture the details in TR.

Companies are asked to provide their views.
<Company comments>
[Ericsson]
When the UE is moving in the cell edge UE's best cell changes frequently due to shadowing, interference problems etc. Thus the UE is not connected to best cell all time. This can have an impact of the user throughput and scheduling efficiency.  On the other hand, with certain handover parameter settings (A3 offset and time to trigger) ping-pong handovers can be reduced. However, increasing these parameters comes with a cost of being longer time connected to non-best cell. 
Basically, if there would be possibility to use existing COMP and CA in all heterogeneous deployments over all nodes, then this challenge would at least partly disappear as it would be possible to schedule the UE from the different nodes quicker manner as compared to Rel-8 HO. However, with non-ideal backhaul this is not possible.   Saying this other way around, potential gain of aggregating user plane data over multiple eNBs is not only in the peak rate increase due to more resources allocated for a single user, but also there can be gain potential due to more efficient resource utilization.
As current summary includes issue "Realizing CoMP/CA with non-ideal backhaul", our challenge is covered to some extent. In our original reply, we were more thinking that this CA/COMP issue is more a limitation and the actual challenges resulting from this limitation should be discussed.
[CATT]

We are not sure how better the “the best link changes rapidly” (we suppose this is the air-interface change) can improve the data interruption time, and subsequently increase the per-UE throughput. Our understanding is that the latency of the non-ideal backhaul will have impacts on the data interruption time of the link change. According to current handover procedure, if the data of the UE is forwarded from the source eNB to the target eNB after sending the Handover Command, the transmission delay between the source eNB and the target eNB cannot be avoided. According to 36.932, the maximum delay of the non-ideal backhaul is 60ms. Thus, even though the handover delay is expected to a lot, it seems there is no way to reduce the transmission delay of the non-ideal backhaul. If we are going to discussion the challenge of data interruption time, we propose to consider both the backhaul delay and the latency of the air-interface change.
Rapporteur’s summary:
Further clarification on this challenge was provided by the proponent. One company supported this challenge while one company questioned the gain in terms of data interruption time on the assumption of non-ideal backhaul.
The rapporteur tends to agree on the proposed challenge and that the issue can be resolved by the existing CA/CoMP with ideal backhaul. This can be considered as a part of the issue, “Realising CA/CoMP with non-ideal backhaul” as confirmed by the proponent. At the same time, whether the gain achieved on the assumption of non-ideal backhaul is worthwhile should also be assessed considering the comments received by others. For this proposed challenge, the following is proposed:
Proposal 6-3:
Frequent best cell change in the cell edge is captured as a part of the challenge to realise CA/CoMP with non-ideal backhaul.
2.5. Network planning and configuration effort
The following deployment related requirements are specified in TR 36.932 [14]:
· Operator deployed scenario (i.e. the operator performs cell planning and installs/maintains small cell nodes) should be supported for small cell enhancement.
· Even in operator deployed scenario, the reduction in cell planning efforts compared to Releases 10/11 should be considered.
Although the expected challenge of deploying may small cells are provided in [9], further information on difficulty of cell planning would be help to study how such an effort can be reduced compared to Rel-10/11. The rapporteur would like to ask interested companies to provide more information. If the planning effort is different from scenarios, it is worthwhile understanding.
Discussion #E:

Discuss how small cell planning and configuration is difficult.
Companies are asked to provide their views.

<Company comments>
[Nokia and Nokia Siemens Networks]

Network planning and configuration efforts are usually handled in separate SON and/or MDT study/work items involving RAN3. The RAN3 study item on Next Generation SON [RP-122037] is now limited to pre Rel-12 deployments for small cells. Thus it should be clarified in which SI/WI should the SON/MDT aspects of small cells be handled. In the meantime, it is however already possible to point out that one of the possible techniques for enabling easier small cell deployments with autonomous self-configuration is to consider using network listen mode (NLM) for Rel-12 small cells (similarly as used for Femtos). Once it is clarified in which WG/SI/WI this topic is to be handled, it should be studied how NLM in Rel-12 small cells can be used to reduce the network planning and configuration effort, as well as to have clarified how configuration and exchange of small cell NLM measurements shall is best designed.[CMCC]:

From operator point of view, we hope the small cell can be a unified product which is self-configurable and easy to deploy to any scenarios similar with HeNB. If it detects there is macro coverage, then works with macro cell with coordinative way (details are FFS). If there is no macro coverage, small can work in standalone way.
[Huawei and HiSilicon]:
At this stage, we feel that the focus of this SI should be on the operation issues of small cells. The issue of network planning and configuration for small cells were raised when the SID was discussed, and many companies felt that it’d be better to defer it to related Rel-12 SON SI/WI, to better leverage its close relations with other SON/MDT issues. 
[Orange]

We share other companies’ views that it should be clarified which WG/ SI/ WI is handling this topic
[LGE]

It is an interesting issue, but we think that it is premature to discuss this issue from the beginning. We propose to postpone this issue until the small cell study is completed. We also propose that this issue be discussed under the separate WI, e.g. MDT.

[CATT]

Comments: In order to have more flexible deployment, small cell eNB should be able to work alone. The details of network planning and configuration can be left to other WI/SI (such as SON or MDT).

[ETRI]
Network planning and configuration effort is an important issue from a MNO perspective and there are many challenge issues to resolve. However, as we know, Rel-12 small cell enhancement SI does not describe any objectives regarding this issue. So we would like to set low priority about this issue.

[KDDI]

Currently, details on the challenging regarding network planning and configuration effort are not clear. We share other companies’ views that network planning and configuration effort is also related to SON and MDT. Therefore, firstly clarifications are needed.
[Hitachi]

Once solutions are concluded for small cell enhancements, how to ease network planning and configuration effort can be discussed separately as SON SI/WI. 

[NEC]

We think that this issue should be discussed separately.  Possibly, we could capture this aspect as the high level issue in the TR and discuss in which SI/WI we should discuss the issue
[Ericsson, ST-Ericsson]

We agree with NSN and Huawei that network planning and configuration efforts can be handled in other work items such RAN3 study item for Next Generation SON and MDT work items.  It might be possible to later discuss in those study and work items if Rel-12 scenarios and solutions bring additional challenges in that area. 

[New Postcom]
This issue is about network planning and configuration, which is not necessary to be discussed at the beginning of Rel-12 SI stage. Meanwhile, it seems that this issue is related to SON and MDT, which can be considered in Rel-12 SON and MDT SI/WI.
[BlackBerry]

Small cell planning, configuration, and maintenance are more difficult due to the higher density of small cell, and the likelihood of non-operator deployment. One of major issue of the planning is to control and to coordinate interference even when the small cell is deployed by operator, including the impact of dynamic switching on and off the small cell for energy saving. SON and MDT enhancement should be studied to help reducing the configuration effort
[IDCC]

We also feel small cell planning and configuration challenges should be discussed within other WI’s such as SON and MDT. 
[Intel] 
We also think that clarifications are needed on which SI/WI should handle network planning and configuration effort.
[Alcatel-Lucent]
The network planning and configuration could be seen as two forth: 1) the small cell location and configuration 2) Backhaul link planning. The first , in our view, is/should be handled in MDT/SON related study. Backhaul link planning relates to the non-ideal backhaul requirement and should be taken into account in the small cell study. 

[Broadcom]

We agree with  Huawei, Orange, and other companies that this topic can be deferred to SON/MDT SI/WIs.

[Qualcomm]

Deployment a large number of small cells presents unique deployment challenges, to ensure coverage continuity, as well as match OTA capacity requirements with backhaul capability. Specific challenges may be identified under the current Small Cells SI, and solutions to those challenges can be referred to the approriate WGs.

[Kyocera]

We agree this is related to SON and MDT, but since it is probably too early to handle this under the current agreed Rel-12 SI/WI the SCE SI might be an appropriate working place if this would be addressed now.  However we also feel this SI should be focused on the operation issues of small cells, and it should probably be handled as part of SON and MDT by modifying the objective a bit to adapt to the needs of SCE when more is known about its functionalities. 
[NTT DOCOMO]

Operator should be able to utilize small cell as a mean to flexibly and promptly provide coverage and/or additional capacity whenever a such condition prevails. However, the customer would not care whether a coverage/ throughput is provided by using small cell or macro cell, e.g., they would expect the same performance as any other cell deployed in the operator’s network. Although some of self-configuration SON function may help for the initial setting, we think that setting of handover parameters to provide the same performance as in macro area is especially difficult. This is because e.g., for handover to small cell, the handover needs to be initiated well inside the small cell coverage in order to prevent HO failure, but at the same time ensuring the opportunity for the UE to be served by the small cell. This kind of parameter tuning and setting may need to be tailored according to characteristics of the area where the small cell is deployed. In addition, this cumbersome effort will increase along with the number of the small cells that needs to be deployed. 
Therefore we think that the effort for network planning and configuration for small cell deployment should be acknowledge as one of the challenging issues ,and means (not necessarily rely on SON) should be discussed, e.g., mechanism that would allow less fine tuning of small cell handover parameter, such providing/controlling mobility in the macro cell instead of in the small cell (dual connectivity).

 [ZTE]

This challenge exists and becomes even more severe considering such dense deployment of small cells. But the issue itself will change with the possible new network architecture and further detail solution. So it is too early to address this issue now. So also intend to agree with other companies to put it aside for now and come back again after significant progress has been made in this SI.
[Samsung]

We are not sure whether this topic is appropriate to be discussed in this SI because the solution will be developed in other WI. However it would be interesting to hear operator’s view/requirement and we may acknowledge that there might be some challenges as indicated by NTT DOCOMO. 
[Panasonic]

We agree with the views expressed above e.g. by Ericsson, Intel, Samsung  etc.
[Mediatek]
There are several sub-challenges related to OAM. For dense small cell deployments, e.g. femto deployments, a particular challenge is interference, where multi-cell RRM, scheduling algorithms and cooperation algorithms (ICIC, eICIC) need to be configured and tuned.  Mobility is a major complexity, for which tuning is expected to be needed, especially if automatic algorithms such as Mobility Load Balancing MLB is used to auto-set suitable CRE. Dynamic TDD seems also to be a multi-cell RRM algorithm. 

Specific solutions aiming to detect configuration problems and arrive at good configurations can be addressed by other SI/WIs. 

However, mechanisms to make 3GPP functions, such as mobility, more robust and less sensitive to imperfect configuration should be addressed by this SI. 

Rapporteur’s summary:

The majority was of opinion that this topic should be handled under the other SI/WIs, e.g., next generation SON, MDT. It was also thought as premature to look into this topic from the beginning. Making 3GPP functions more robust and less sensitive to imperfect configuration was proposed as a potential area to address under this SI. As suggested by NEC, the rapporteur thinks that identification of high level issues based on operator’s input woud be enough and specific solution for this area should be discussed later. It would also be sufficient to take into account whether potential solutions specified for the other challenges can also help to reduce network planning and configuration efforts as commented by NTT DOCOMO. For this discussion, the following is proposed:
Proposal 7:
High level description on the expected network planning and configuration efforts is captured in the TR. However, specific solutions for this topic is not discussed under this Study and will be discussed the other SI/WIs, e.g., SON/MDT in later stage.
2.6. Small cell discovery

For Scenario #2, small cell discovery was identified as a potential challenge. It should be noted that improved small cell discovery/identification was studied under the HetNet mobility SI [4]. The following deployment scenario and conclusion are captured in the HetNet mobility TR [4]. 
Deployment scenario:

Small cells can be deployed for various reasons, resulting in a heterogeneous network comprising small cells of different sizes/types (e.g. micro, pico, femto). One expected scenario is the offloading of users from macro layer to small cell layer where the macro layer and small cell layer are on different carrier frequencies. The study focussed on a scenario where one macro frequency provides full coverage and where pico cells are provided on second frequency layer for offloading purposes including means to improve perceived QoS on hot spot locations. For inter-frequency small cell detection, the study will focus on the following use case where the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.
Conclusion:

It was concluded that continuously performing measurements according to existing performance requirements results in very high battery consumption without showing significant impact on offloading potential.
To avoid the duplicated work with the HetNet WI, new challenge should be identified and studied. Although the agreement was for scenario #2, the other scenarios are not precluded if small cell discovery is indeed challenging. The rapporteur would like to ask interested companies to provide a new challenge for small cell discovery.
Discussion #F:

Discuss whether there is a new challenge for small cell discovery for each scenario.

Companies are asked to provide their views.

<Company comments>
[Nokia and Nokia Siemens Networks]

Several candidate features for improved inter-frequency small cell discovery were identified as part of the Rel-11 SI on HetNet mobility enhancements. There is now a Rel-12 WI on LTE HetNet mobility enhancements, which (among others things) aims at standardization of improved inter-frequency small cell discovery. Hence, we propose to await conclusions from the Rel-12 WI on LTE HetNet mobility enhancements before starting to study if further improvements are needed.
[CMCC]:

This issue seems related to all three scenarios. But especially for inter-frequency case in scenario 2 and 3, the issue is discussing in R12 HetNet WI, so we can wait for the process of HetNet WI.
[Huawei and HiSilicon]:

Inter-frequency small cell discovery had been thoroughly discussed in Rel-11 HetNet mobility enhancement SI, and is now in the scope of Rel-12 WI of LTE HetNet mobility enhancement. Hence, small cell discovery issues should be addressed there first.
[Orange]
For Scenario 2 inter-frequency small cell discovery is already addressed in Rel-12 WI on LTE HetNet mobility enhancements, we should wait for this WI conclusions first. For scenario 1, we are wondering if small cell probing mode defines in RAN3 for Energy Savings may also be an issue for small cell discovery.

[LGE]

This issue was intensively discussed in Rel-11 LTE HetNet mobility enhancement SI, and possible solutions were already proposed. We are not sure if there is any new challenging issue for small cell enhancement.
[ITRI]

Since the issues of small cell discovery will be discussed in Rel-12 WI on LTE HetNet mobility enhancements, we should wait for the conclusion before considering further improvements or new strategies.
[Pantech]

We share the Huawei’s view. For scenario 2, small cell discovery have been discussed in HetNet SI and need more discussion to decide. Therefore, we think that it is better to wait for the conclusion on small cell discovery in HetNet WI.

[Fujitsu]

For scenario #3, considering the size of  cells, the discovery of neighbouring/target small cells might be impacted due to inter-freq measurement and thus in our understanding the inter-freq discovery among small cells should be evaluated  to determine if it is a new challenge.

 [ETRI]
Inter-frequency small cell discovery was already studied in Rel-11 HetNet mobility SI, and it is also discussing in Rel-12 HetNet mobility WI. Thus we would like to postpone discussing this issue until it will be done in HetNet mobility WI.  

[KDDI]

We share other companies’ view that small cell discovery issues are discussing in an on-going Rel-12 WI on HetNet mobility enhancement. As mentioned above, in order to avoid overlapping between different SI/WIs, it would not be considered as a challenge in this Rel-12 SI on small cell enhancement.
[Hitachi]

Improvements of small cell discovery for inter-frequency case (i.e. scenario #2) is in the scope of HetNet mobility WI. Hence, it can be studied whether further enhancements are needed once HetNet mobility WI concludes on solutions for small cell discovery. 
[Ericsson, ST-Ericsson]

Inter-cell small cell discovery have been discussed as a part of Rel-11 Study on hetnet mobility enhancements.  Also a set of solutions have been listed in the corresponding TR. It would be good to wait the progress of Rel-12 mobility enhancement work item to find out if there are still some remaining issues to be solved. Naturally, if new challenges are identified, those can be discussed in the small cell study item meanwhile. 
[New Postcom]
We also think that small cell discovery had been studies in Rel-11 HetNet mobility enhancement SI and is being discussed in Rel-12 HetNet WI. Therefore, this issue can be discussed after outcome of Rel-12 HetNet WI.
[BlackBerry]

Cell discovery mechanisms developed by HetNet WI Rel12 may be reused to small cell scenario where macro-coverage exists. However, for small cells deployed without macro-coverage need further study, new or reused mechanism may be needed. Solution should be indifferent for UE whether there is macro coverage or not. Denser small cell deployment in small cell enhancement may require some further study to cell discovery, both in intra frequency and inter frequency deployment
[IDCC]

This has been discussed extensively in the HetNet SI. Further enhancement may be possible considering dual-connectivity, but we should wait for conclusions of the HetNet Mobility WI before analyzing if any additional optimizations are necessary. 
[Intel] 
For scenario#2, small cell discovery is handled in Rel-12 HetNet mobility WI, and we can wait for the progress from that WI. In addition, RAN2 needs to address the higher layer aspects of the discovery work in the RAN1 SCE SI, therefore we can also wait for the progress from RAN1 for this aspect.  
 [Alcatel-Lucent]

Inter-frequency small cell discovery was under the study of Rel-11 HetNet SI and further be discussed in Rel-12 HetNet. Currently, PCI resolution mechanism is considered only for CSG. Depending on the dense small cell study in RAN1, if needed, PCI resolution for non-CSG cell could be studied under either HetNet, small cell enhancement SI or under TEI-12.   

 [Broadcom]

We agree with other companies that this topic falls in the scope of Rel-12 HetNet WI.

[Qualcomm]

Can wait for the output of the Rel-12 HetNet WI.

 [Kyocera]

Discovery of inter-frequency small cell have already been addressed in HetNet Mobility enhancement SI, and discussing in Rel-12 WI. So this topic should be handled there. One point we are interested in and not addressed previously is the discovery of energy efficient small cells and small cells implemented as new carrier type. Discovery of these type of cells may be an entirely different challenge, so RAN2 should wait until RAN1 and RAN3 has concluded their discussion of NCT and Energy saving.  We do not think RAN2 should remove small cell discovery just yet.
 [ZTE]

This challenge exists for sure. But we would also like to see outcome of R12 Hetnet WI to avoid any redundant work.
[Samsung]

We don’t see any new challenge at the moment. To avoid redundant work, we propose to discuss small cell discovery issue in HetNet WI even if new challenge is identified. 
[Panasonic]

We see two aspects relating to small cell discovery. One is identification of small cell in inter-frequency measurement with lower UE power consumption and minimum interruption, as also discussed under the HetNet mobility SI. This identification step may be only a rough identification like proximity or even exact identification of the small cell. Another aspect is identification of small cell including both intra and inter- frequency measurement with accuracy even in very poor & fluctuating interference condition. It also includes the case when some cells are DTX-ed. This includes a need for new discovery signal and/ or a need for extended PCI range etc. This part should be referred to RAN1.
[Mediatek]

Should wait for the outcome of HetNet Mobility WI to avoid duplicate work.
Rapporteur’s summary:

The majority was of opinion that small cell discovery was studied intensively during the HetNet mobility SI and should be wait for the outcome in the subsequent WI. Energy saving aspects and PCI resolution for dense small cell deployment studied in RAN1 were proposed as potential new challenges. However, it was also proposed to wait for the progress in RAN1/3. From the comments, the rapporteur thinks that small cell discovery should be removed from the expected challenges in the higher layer study so far. If new challenges are found or acknowledged by other WGs, we will discuss later. For this discussion, the following is proposed:
Proposal 8:
Small cell discovery is removed from the expected challenges in the higher layer study. RAN2 should wait for the outcome of the HetNet WI and the progress of other WGs for their new findings.
3. Summary and proposal
As the outcome of this email discussion, the followings were proposed:

Mobility robustness:
Proposal 1:
The outcome of the HetNet mobility SI is referred as part of the description for mobility robustness in Scenario #1.
Proposal 2:
Challenges of mobility robustness in Scenario #2 should be studied for further and simulation results are invited for RAN2#81bis.
Proposal 3:
Mobility robustness is removed from the expected challenges in Scenario #3.
UL/DL power imbalance:

Proposal 4-1:
UL/DL power balance in Scenario #1 is captured as a challenge in the TR. Whether the existing solution (i.e., (F)eICIC) is sufficient should be studied for further. The additional gain of potential solutions compared to the existing solution should be clarified if studied.

Proposal 4-2:
For Scenario #2, this issue is also captured in the TR. However Specific solutions for this challenge will not be discussed in this study. It will be investigated later whether potential solutions for the other challenges can address this issue if needed.

Proposal 4-3:
This issue is removed from the expected challenges in Scenario #3.
Increased signalling load due to frequent handover:

Proposal 5:
Increased signalling load due to frequent handover is captured as a challenge for all scenarios in the TR. Simulation results are invited for RAN2#81bis to quantify this issue and capture the results.
Difficulty to improve per-user throughput by utilising radio resources in more than one eNB:

Proposal 6-1:
The following issues are captured as challenges in the TR.
1) Realising CA/CoMP with non-ideal backhaul (Scenario #1 and #2)

2) Degradation of QoS on small cells due to non-ideal backhaul (all scenarios)
Proposal 6-2:
Requirements/design goals for the identified challenges are captured separately in the TR.
Proposal 6-3:
Frequent best cell change in the cell edge is captured as a part of the challenge to realise CA/CoMP with non-ideal backhaul.
Network planning and configuration effort:

Proposal 7:
High level description on the expected network planning and configuration efforts is captured in the TR. However, specific solutions for this topic is not discussed under this Study and will be discussed the other SI/WIs, e.g., SON/MDT in later stage.
Small cell discovery:

Proposal 8:
Small cell discovery is removed from the expected challenges in the higher layer study. RAN2 should wait for the outcome of the HetNet WI and the progress of other WGs for their new findings.
How to capture these proposals is found in [16].
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Annex A: UL/DL imbalance (excerpt from [3])
In heterogeneous networks, the eNBs have different downlink output power, e.g., macro eNBs with high output power and pico eNBs with low output power. Due to the power imbalance, the best cell to connect with may differ depending on if one considers downlink or uplink performance. This is understood from Error! Reference source not found. below. In the figure, the location is depicted on the X axis whereas the received signal strength is depicted on the Y axis. The right vertical dashed line shows the downlink cell border which is where the received (from the two eNBs) signal strength is equal. The left vertical dashed line shows the uplink cell border which is where an uplink signal has equal received power at both eNBs. The horizontal dashed line shows that the eNBs receive equal uplink signal strength (Y dBm) from the UE when the UE is on at the uplink cell border.
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Figure 1: Heterogeneous deployment example with a macro eNB and received macro DL power depicted in blue, a pico eNB and received pico DL power depicted in green, and a UE with received UL power in orange. The example UE is on the uplink cell border which means that the received uplink signal strength is equal at the two eNBs.
In LTE, Reference Signal Received Power-based (RSRP-based) cell selection is often used. In this scheme, UEs are associated with the cell from which the strongest downlink power is received. As the macro eNB has higher output power than the pico, UEs may connect to the macro cell even though the path loss to the pico is lower. Due to this the pico cell size is relatively small compared to the macro cell size which can result in low UE uptake and small macro offloading by the pico cell. To increase offloading of the macro by the pico cells and to improve uplink performance, there is a need to increase the size of the pico cells. This can be done with the concept of Cell Range Expansion (CRE). With CRE, the cell selection algorithm can be biased so that a terminal associates to a pico eNB even if the pico cell RSRP is below the macro cell RSRP. A cell selection offset (CSO) determines how much weaker the received downlink power from the pico eNB is allowed to be compared to from the macro base station while the UE is connected to it. An example of CRE is illustrated in Figure 2.
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As explained, CRE may result in that a UE is connected to a pico cell even though the received downlink power from the macro cell is stronger. When the macro and pico layers are operated on the same frequency, the signal received from the macro cell causes interference for a UE connected to a pico cell. Thus, the UE connected to the pico cell may experience strong interference from the macro cell in a heterogeneous deployment. For separate frequency operation, this will not be the case.
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