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1. Introduction
This email discussion is intended to capture further evaluation results in TR 36.842 as shown below:
-
Include further evaluation results of solutions presented so far in the study item

-
Should cover also the concepts that were finally not prioritized to ensure that the work is captured and available later.

=>
Intended outcome: TP for TR 36.842 (or TR update) to next meeting
Therefore, the goal of this discussion is to provide TPs on all the potential solutions discussed during this SI regardless of their priority. For each solution, the concept and the performance evaluation are included in the TP. In addition, TP on U-plane architecture evaluation is developed from the contributions provided up to RAN2 #83bis.
2. Potential solutions discussed so far
Up to #83bis meeting, the following potential solutions have been proposed and discussed:
· Mobility robustness
· RRC diversity (Analysis of the technology potential needs to be captured in subclause 7.1.2.1.)
· Throughput enhancements

· Inter-node radio resource aggregation for Scenario 1
· UL/DL imbalance between macro and small cells

· UL/DL split
TPs for the above solutions are discussed below.
3. Text proposals on potential solutions
7.1.2
RRC diversity 
RRC diversity is a potential solution for improving mobility robustness. With RRC diversity, the handover related RRC signalling could additionally be transmitted from or to a potential target cell as illustrated in Figure 7.1.2-1.  RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells. This will eventually lead to a more successful handover performance (i.e. avoiding UE RRC re-establishment procedure). The RRC diversity scheme could also be applied for handovers from the macro to pico cells, between macro or between pico cells.
· 
[image: image1.emf] 


· Figure 7.1.2-1: Handover region where RRC diversity can be applied 
7.1.2.1 Analysis of technology potential for Scenario 1

The simulation results in Table 7.1.2.1-1 compare mobility robustness for the RRC diversity feature with a legacy system as defined in 3GPP TR 36.839 [rrcDiversityRef1]. Further details regarding simulation assumptions are given in [rrcDiversityRef2]. Both sparse and dense pico deployments have been evaluated with 1 and 10 picos per the macro cell. RRC diversity is activated and deactivated based on an A3 RSRP measurement event between Macro and Pico with a hysteresis value of 2dB (considering CSO for pico inbound HOs), whereas the handover is initiated based on an A3 RSRP measurement event of 4dB (always considering CSO). This way, RRC diversity is always activated previous to the initiation of the handover procedure, i.e. including the cell range expansion area. 

From the results it can be seen that RRC diversity provides significant gains in terms of mobility robustness and for a scenario with cell range expansion gains in terms of offloading potential while keeping the mobility robustness issues within reasonable bounds. 
Table 7.1.2.1-1.: Simulation results for RRC diversity in Scenario#1.

	Scenario with 0dB CRE
	Scenario with 2 dB CRE

	1 Cell edge Pico
	10 Random Picos
	1 Cell edge Pico
	10 Random Picos

	Reference
	Diversity
	Reference
	Diversity
	Reference
	Diversity
	Reference
	Diversity
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Observations: In the 1 cell edge pico deployment more than 1/2 of the handovers correspond to macro to macro handovers. In the 10 random picos deployment most handovers are between macro and picos, as well as between picos. 
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Observations: As compared to the scenario with 0dB CRE, some more handovers are initiated from macro to pico than from pico to macro. The reason is that in the 2dB CRE scenario, more pico-outbound failures occur even before handover initiation. 
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Observations: For both deployments the handover failure rate can be significantly reduced with RRC diversity. In 1 cell edge pico deployment, we gain ~60% and for 10 random picos the gain is ~80%. 
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Observations: An absolutely higher failure rate can be observed for the 2dB CRE scenario as compared to 0dB CRE due to radio link failures before the delayed handover initiation. With RRC diversity, these failures can be significantly reduced, even to a level below the reference case of the 0dB CRE scenario. The relative gains are ~85%, and ~70% for 1 cell edge pico and 10 random picos deployment respectively. 
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Observations: RRC diversity is able to mitigate almost all pico-outbound failures (pico-macro and “pico RLM”=pico radio link failure before handover) in both deployment scenarios.
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Observations: RRC diversity is able to mitigate most of the pico-outbound failures in both deployment scenarios. Since RRC diversity includes RLM diversity and is activated earlier than the handover procedure is initiated, also most pico radio link failures (“pico RLM”) can be resolved with RRC diversity.
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Observations: Failures based on RLC transmission failures of the handover command as well as radio link failures (T310 expiry), which dominate the overall failure reasons, are resolved by RRC diversity. Additional failures e.g. due to the early measurement report to activate RRC diversity constitute only a minor increase in failures.  
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Observations: Same as for 0dB CRE scenario. However, in this 2dB CRE scenario, failures due to RLF (T310 expiry), occurring even before the handover procedure starts, dominate the overall failure reasons to a higher extent.
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Observations: In the 1 cell edge (“CE”) Pico deployment scenario, a higher downlink FTP rate can be achieved for most of the users by increasing the CRE by 2dB. Please note that with RRC diversity, this increase in throughput does not necessarily lead to an increase in handover failures as it would be the case in the legacy reference system. For the multiple pico scenario, where the pico cells are very lowly loaded, (due to 3GPP propagation model 1, as well as uniform user distribution, same number of users used in both deployment scenarios), the increase in cell throughput with the increase of cell range expansion by 2dB is negligible, however already at a significantly higher absolute level than in the 1 cell edge pico deployment.

	Avrg. resource utilization: 
Macro 90%, Pico 25%

Avrg. macro cell area throughput: 11 Mbit/s
	Avrg. resource utilization: Macro 80%, Pico 10%

Avrg. macro cell area throughput: 18 Mbit/s
	Avrg. resource utilization: 
Macro 90%, Pico 50%

Avrg. macro cell area throughput: 12 Mbit/s
	Avrg. resource utilization: 
Macro 80%, Pico 10%

Avrg. macro cell area throughput: 18 Mbit/s


As a solution for improved mobility robustness in Scenario#1, this feature was de-prioritized due the parallel work ongoing in the Het-Net mobility WI, which focusses on Scenario#1 while this SI’s focus shifted to Scenario#2. Furthermore, there were open issues regarding whether and how (dual) UL data transfer would be realized in the targeted Scenario#1.  
7.1.2.2 Analysis of technology potential for Scenario 2
Also for the inter-frequency scenarios, RRC diversity gives different mobility performance compared to the baseline. In this sub-clause, the mobility performance for Scenario #2 is analysed [R2-133559]. A Network deployment is assumed with 10 small cells per macro cell, where macro cells use 2GHz carrier frequency and small cells uses 3.5 GHz carrier frequency. For each UE, RRC diversity is applied between a Macro cell and a Small cell, when UE is in coverage of both. With RRC diversity, dual RLM is applied meaning that the UE triggers Radio Link Failure (RLF) only when both Radio Links meet RLF criteria.  


NOTE: The feasibility of sending HO command by the target cell has not been investigated.

The following cases are compared: 

·   Case I, the normal handover without RRC diversity is evaluated, which is the baseline. 

·   Case II, all handover related control messages are transmitted in two links. Dual RLM is applied.

·   Case III, all handover related control messages are transmitted in one link. Dual RLM is applied. 

·   In case IV, V, and VI, handover measurement report, handover command, and handover complete message are transmitted in two links, respectively. Dual RLM is applied.
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Fig. 7.1.2.2-1: Failure number of different cases in different state (scenario 2)

	Cases
	Failure Rate
	Failure Number: per UE per time unit

	
	
	Total
	TTT
	MR
	HOP
	HOCMD
	HOComp
	Other

	Baseline (I)
	0.055506019
	24.9
	6.4
	5.1
	6.8
	3.4
	1.5
	1.7

	Dual RRC Msgs (II)
	0.02496656
	11.3
	2.8
	2.1
	2.9
	1.3
	0.6
	1.6

	Dual RLM/RLF (III)
	0.034106108
	15.3
	2.8
	3.8
	2.8
	3
	1.3
	1.6

	Dual HO MR(IV)
	0.029870709
	13.4
	2.8
	2.1
	2.7
	3
	1.2
	1.6

	Dual HO CMD(V) 
	0.029647793
	13.3
	2.8
	3.8
	2.8
	1.3
	1
	1.6

	Dual HO Comp(VI)
	0.032545698
	14.6
	2.8
	3.8
	2.8
	3
	0.6
	1.6

	
	
	
	
	
	
	
	
	

	HO CMD sent by target cell
	0.052385198
	23.5
	6.4
	5.1
	6.8
	2
	1.5
	1.7


Table 7.1.2.2-1: Failure number of different cases in different state (scenario 2)
	Baseline
	Dual RRC message
	Gain

	Types
	Failure Num
	Types
	Failure Num
	

	macro-macro
	11.2
	macro-macro
	5.5
	0.508929

	small cell-macro
	2.6
	small cell-macro
	0.9
	0.653846

	macro-small cell
	4.2
	macro-small cell
	2.1
	0.5

	small cell-small cell
	6.9
	small cell-small cell
	2.8
	0.594203

	Sum.
	24.9
	Sum.
	11.3
	0.546185


Table 7.2.1.2-2: Failure number of different types for baseline and dual RRC message (Case II)
Observation: By comparing the simulation results of RRC diversity with the baseline, it can be seen that a gain (about 55%) can be obtained from RRC diversity. 

The mobility performance was also assessed with DRX 
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Fig 7.1.2.2-2: Failure number of different types for baseline and dual RRC message 
	Case
	No DRX
	DRX Cycle (ms)

	
	
	80
	160
	320
	640
	1280

	Normal HO
	24,9
	30,7
	36,1
	44,5
	47,9
	59,6

	Dual RLM + Dual RRC Msg
	11,3
	13,1
	15
	17.8
	19,4
	26,2

	Gain 
	55%
	57%
	58%
	60%
	60%
	56%


Table 7.1.2.2-3: Failure number of different types for baseline and dual RRC message
Observation: The observations on the gain of RRC diversity w.r.t. mobility performance are applicable also in cases when DRX is used. 

7.1.3 UL/DL split
As explained in section 5.1.2, an UL/DL imbalance can occur for UEs in heterogeneous networks because of large difference in the transmit power of the macro and pico cells. The consequence is an uneven load distribution between macro and pico cells (pico cells less loaded than macro cells) and suboptimal uplink performance because a UE is not necessarily connected to the eNB with smallest pathloss. In addition to transmit power imbalance, there may be UL/DL traffic load imbalance. A pico eNB may be highly loaded in DL while unloaded in UL. It may then be beneficial to offload a macro UE’s UL data to the pico eNB, while keeping the UE’s DL traffic in the macro.

As seen in section 5.1.2, CRE based cell selection can be used to improve the UL/DL imbalance situation. However, CRE for the intra-frequency deployments results in strong DL interference for pico UEs in the CRE region. CRE must therefore be used in combination with time domain ICIC, which has a negative impact on the overall system capacity due to the reduction of schedulable subframes.

To increase offloading of the macro by the pico cells and to improve UL performance, an alternative solution is to have dual connectivity to both eNBs and allow the UE to be connected in DL to the cell which offers the highest DL throughput, while being connected in the UL to the cell which offers the highest UL throughput, which is typically the cell to which the path loss is lowest. This is particularly beneficial for the case where the macro and pico layers operate on the same frequency, as the possible CSO is limited due to DL interference problems in the CRE region.
UL/DL split provides also the advantage to apply load balancing separately for UL and DL, achieving optimal cell capacity in UL and DL. The network has the possibility to shift more UL traffic to the pico cell if the macro eNB is loaded in the UL, while keeping DL traffic in the macro eNB. This is beneficial for both intra-frequency and inter-frequency deployments.

7.1.3.1
Architecture alternatives for UL/DL split

In UL/DL split, even though the UL traffic and DL traffic is routed via different eNBs, it is assumed that local scheduling and local HARQ-feedback is needed as we assume relaxed requirements on the backhaul in this SI. 

Two architecture alternatives to achieve UL/DL split are foreseen, one with bearer split and one with separate bearers.

In the bearer split alternative, one bearer is split over the pico and the macro eNB, e.g. the UL part of the bearer is routed via the pico while the DL part of the bearer is routed via the macro. In this alternative it may not be required to have PDSCH from the pico and PUSCH to the macro. RLC Status Reports could be sent locally or routed via the backhaul. 

In the separate bearer alternative there are two bearers, one bearer to the macro and another bearer to the pico. In this alternative there will be PUSCH and PDSCH to both the macro and the pico and RLC Status reports are sent locally. 

In Figure 7.1.4.1-1 it is illustrated how this architecture alternative could look like where UL/DL split is used to route UL traffic via the pico and DL traffic via the macro. The UE would send UL traffic on the PUSCH to the pico and receive DL traffic on the PDSCH from the macro, while as said, RLC Status reports are sent locally which is indicated with red arrows, i.e. RLC Status reports for DL traffic from the macro are sent on the PUSCH to the macro while RLC Status reports for UL traffic to the pico are received on the PDSCH from the pico.

It is expected that an architecture needed to support aggregation of UP from different eNBs is very similar to an architecture supporting UL/DL split. 
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Figure 7.1.4.1-1: Architecture alternative for UL/DL split.
7.1.3.2
Analysis of technology potential
Results below illustrate the technology potential of UL/DL split, where it is possible to apply one CSO value for downlink (DL-CSO) and another CSO value for UL (UL-CSO).

Figure 7.1.4.2-1 shows gain in cell edge UL UE throughput in a medium load scenario (green) and in a low load scenario (blue) for an intra-frequency deployment. Simulation assumptions are in R2-131678. The gains are measured in comparison to a reference case without UL/DL split where the CSO has been set to optimize DL UE throughput. In the medium load scenario, 8 dB CSO was giving optimum DL UE throughput and in the low load scenario 0 dB CSO gave optimum DL UE throughput. The gains are then shown in per cent on the Y-axis values for different UL-CSO values.

We see that UL/DL split provides gain when the UL-CSO is increased above the reference CSO, i.e. above 8 dB for the medium load scenario and above 0 dB for the low load scenario. UL/DL split provides highest gains in low load scenarios and the gain is increasing with increased UL-CSO. The gains come both from offloading and from improvements in link quality. It has been seen that UL/DL split also gives some gain in average user throughput which is mainly due to offloading.

It should be noted that EPDCCH will likely be able to support higher CSO compared to PDCCH.
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Figure 7.1.4.2-1: Cell edge uplink user throughput gain due to UL/DL split
This solution was down-prioritized as there was no consensus if the technology potential of the solution would justify developing it further especially considering that the gains are more for uplink and existing in low-medium load. Furthermore, it was not clear how significant is the performance gain as compared to existing mechanisms like eICIC and ABS. 
7.1.Y Inter-node radio resource aggregation in Scenario 1
Inter-node radio resource aggregation is a potential solution for improving cell edge throughput in Scenario #1, which allows one UE to be scheduled via multiple eNBs. As an example showed in Figure 7.1.Y-1 below, an UE 1 in small cell edge could be served by macro cell in non-ABS to utilize macro cell radio resource, and by small cell in ABS to utilize small cell radio resource. Hence, the per-user throughput can be increased by utilizing radio resources in more than one eNB. 
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7.1.Y-1 Inter-node radio resource aggregation in Scenario 1

7.1.Y.1  Analysis of technology potential
Table 7.1.Y.1-1 provides the simulation results for Scenario #1 with 4 pico nodes per a macro cell.  The pico nodes are placed at traffic hot spots and the inter-site distance between macro nodes is 500m. The simulation is conducted with different ABS patterns. The performance metrics used are per-UE user perceived throughput (UPT). Further details regarding simulation assumptions are given in [R2-132832]. 
When the ABS pattern is 1/8, CRE UEs are exposed to the most of macro resources, and a gain over eICIC can be observed. As the ratio of ABS pattern increases from 1/8 to 7/8, the relative gain becomes smaller as less macro resources can be exploited for CRE UEs. From these results the technology potential of this solution is not justified since the existing mechanisms seems to be sufficient. This is because for the eICIC operation, the ABS pattern can follow the user distribution resulting in the comparable gain to inter-node radio resource aggregation. Furthermore, this concept would be taken care of the inter-eNB CoMP study [inter-eNB CoMP SID].
Table 7.1.Y.1-2.: Multi-stream aggregation in Scenario#1 with different ABS pattern.
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Figure 1:  Comparison of UPT for CRE UE, with 1/8 ABS pattern
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Figure 2:  Comparison of UPT for CRE UE, with 3/8 ABS pattern
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Figure 3:  Comparison of UPT for CRE UE, with 5/8 ABS pattern
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Figure 4:  Comparison of UPT for CRE UE, with 7/8 ABS pattern


4. Text proposal on U-plane architecture evaluation

8.1.1.11
Performance evaluation of use plane architecture alternatives

In this section, U-plane architectures are evaluated to assess the technology potential on the target design goals described in section 6. 

In terms of per-user throughput enhancements, the potential gain of U-plane date split option of Option 3 is quantified relative to Rel-10/11 CA with ideal backhaul [R2-132897]. Figure 8.1.1.11-1 and 8.1.1.11-2 shows the 5th and 50th percentile user throughput as a function of the offered load per macro cell. The simulation assumptions are listed in Table XX-X of Annex X. From these results, it seems possible to achieve the per-user throughput gain close to the technology potential by Option 3 if all of the following conditions are fulfilled:

a)
The Xn interface described in subclause 8.1.5 is not the bottle neck.

b)
The Xn interface is loss-less and causes no re-ordering.

c)
The Xn interface offiers latency of 5-30 ms.

d)
Flow control is used from SeNB towards MeNB.

e)
Flow control commands are sent frequently.

f)
The load in the system is low to medium.

g)
Users are distributed appropriately. I.e., the number of UEs served by the macro cell is sufficiently low so that it has resource to allocate to pico UEs.
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Figure 8.1.1.11-1:
5th percentile user throughput achieved by Option 3
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Figure 8.1.1.11-2:
50th percentile user throughput achieved by Option 3

Among U-plane architecture alternatives supporting Option 3, the throughput performance of Alternative 3C and 3D is evaluated as a function of data reordering timer [R2-133603] with protocol level simulations having fixed link speed. Figure 8.1.1.11-3 shows the performance results for 1 and 8 MByte file download. In this figure, the case of dual connectivity is denoted as “DC”, while single connectivity is “No DC” as a reference. Alternative 3C achieves the stable throughput performance except for the short reordering timer. This is because the data reordering is performed in PDCP. The throughput degradation in the range of short reordering timer is due to the fact that the PDCP layer needs to discard packets that are received out of order which is seen as data loss for the End-to-End TCP connection. In contrast, the throughput performance of Alternative 3D is decreased as the reordering timer increases. This is due to the delay of RLC retransmissions which affects the TCP congestion control. The robust throughput performance in the short timer range is due to the fact that the short timer will only cause unnecessary RLC transmission which does not affect the TCP congestion control. Due to these characteristics, the optimum value of reordering timer is different between the different file size cases as can be seen in this figure. 
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Figure 8.1.1.11-3:
Throughput performance between Alternative 3C and 3D as a function of data reordering timer

In terms of mobility robustness, all U-plane data split options can achieve the comparable mobility performance to the macro only network by serving the mobility on the macro cell layer.

In terms of signalling load related to mobility, the U-plane data split options of Option 2 and 3 can achieve the comparable CN signalling load to the macro only network as SeNB mobility can be hidden to CN as analysed in Table 8.1.1.10-1 of subclause 8.1.1.10. In contrast, SeNB mobility is visible to the CN as well as MeNB in Option 1. 

Table 8.1.1.11-1 summarised the comparison in terms of the target design goals. In addition, backhaul requirements are taken into account since the non-ideal backhaul is assumed in this study.

Table 8.1.1.11-1:
Comparison of U-plane data split options

	
	Option 1 (i.e., Alternative 1A)
	Option 2
	Option 3

	Per-user throughput enhancements
	Lower gain is expected.
	Higher gain is expected.

	Mobility robustness
	Can be achieved.

	Signalling load to CN
	Both SeNB and MeNB mobility is visible to CN.
	Comparable to the macro only network.

	Backhaul requirements
	No requirement
	Not analysed
	The Xn interface has to offer the latency of 5-30 ms and sufficient capacity.



From the above evaluation, Alternative 1A and 3C are to be progressed to support U-plane data split options of Option 1 and 3 in this study.
5. Summary and proposal
During the email discussion, TPs on U-plane architecture evaluation, technology potential analysis on RRC diversity and UL/DL split were discussed and developed. As the outcome of email discussion, the followings are proposed:
Proposal 1:

TP on U-plane architecture evaluation in section 4 should be captured in the TR.

Proposal 2:

TP on the following potential solutions in section 3 should be captured in the TR.

· RRC diversity

· UL/DL split.
· Inter-node radio resource aggregation for Scenario #1
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