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1 Introduction

The second round of email discussion to resolve the leftovers of the “scenarios” part and to draft the “requirements” part for small cell enhancements was carried out on the RAN reflector during the period from October 22, 2012 to November 2, 2012 (two weeks). Around 25 companies participated in the discussion.

The rapporteur collected opinions from all participating companies and proposes way forwards for review in Section 2. Discussion details for leftovers of the “scenarios” part and for the “requirements” part are listed in Sections 4 & 5 respectively.
2 Proposed way forwards
Proposed way forwards for topics discussed are listed as following:

Topics:
[Small_Cell_R2_1] Leftovers of 1st round of email discussion on small cell enhancements
1. Benefits and necessity of mobility enhancements for higher speeds (e.g. 50-80km/h) in small cell enhancement
Proposed way forward:

Mobility enhancements for higher speeds (e.g. 50-80km/h) in small cell enhancements, e.g. for offload from vehicular UEs in outdoor small cells, can be studied in succeeding study items. Solutions for excluding very high mobility users should be considered.

The benefits of allowing high speed UE in small cells should be evaluated e.g. UE throughput gain, improved robustness of mobility, improved UE power efficiency, and up to which speed offloading is beneficial. Other topics e.g. how UE speed can be estimated in small cells can also be treated in succeeding study items of small cell enhancements.
2. Whether other metrics (e.g. power efficiency/cell edge performance) should be included in the SI
Proposed way forward:
Cell edge performance (e.g. 5%-ile CDF point for user throughput) and power efficiency (of both network and UE) are used as metrics for further study.

3. The characteristics of wireless backhaul
Proposed way forward:
Capture the characteristics of wireless backhaul in TR36.932, and change the priority of wireless backhaul to 1
[Small_Cell_R2_2] Requirements of small cell enhancements
Clause 7. Deployment-related requirements:

Proposed way forward:

Accept most revisions/comments. Irrelevant comments and comments which could not reach consensus are not accepted. The added text “The small cell nodes could be deployed indoors or outdoors, and in either case could provide service to indoor or outdoor UEs” can be moved to Clause 6.1.2 “Outdoor and Indoor”.
Clause 8. Capability and performance requirements:

Proposed way forward:

Accept most revisions/comments. Irrelevant comments and comments which could not reach consensus are not accepted. The last sentence of Clause 8.3 “The coverage of the small cell layer is generally discontinuous between different hotspot areas. Each hotspot area can be covered by a group of small cells, i.e. a small cell cluster ” can be moved to Clause 6.1.4 “Sparse and dense”.
Clause 9. Operational Requirements:

Proposed way forward:

Accept most revisions/comments. Irrelevant comments and comments which could not reach consensus are not accepted.
3 Actions

The updated TR36.932 v0.2.0 will be provided to RAN WG meetings in New Orleans for information.
4 Discussion Details:
4.1 [Small_Cell_R2_1] Leftovers of 1st round of email discussion on small cell enhancements
Topics:

Outdoor and indoor
[Editor’s Note 1: Benefits and necessity of mobility enhancements for higher speeds (e.g. 50-80km/h) in small cell enhancement will be further discussed.]

Company opinions
	Company
	Comments/discussion
	Position

	Qualcomm
	We view the 50-80kmph use case as important. Robust performance for such speeds allows more flexible deployment of small cells, e.g. near streets, without having to worry about mobility deterioration. It also allows better offload of ever increasing data demand from vehicular UEs.
	Support

	NTT DOCOMO
	We have the same view as Qualcomm. That is, we should investigate to allow better offload from vehicular UEs for outdoor dense deployments, e.g., small cells along the street. The real vehicular speeds would be typically higher than 50kmph.

Furthermore, since small cell enhancement should handle UE with all speeds, solutions for excluding extremely high mobility users should also be considered in the small cell enhancement.
	Support

	Nokia Siemens Networks and Nokia
	We see that robust mobility performance is also important when introducing enhanced LTE small cells in to the LTE system. While we see that small cell enhancements e.g. in the areas of enhanced typical user throughputs and increased capacity are targeted mainly for low and medium speed UEs we see that it is important to ensure that there are mechanisms to handle high mobility UEs (e.g. 50-80 km/h) in robust and device power efficient manner in an LTE network where LTE small cell enhancements are introduced. These potential LTE system enhancements for high mobility UEs could include aspects like avoiding high mobility UEs to move to small cell enhancement frequency layer when these UEs can be better served by macro cells. 
	Support the handling of high mobility UEs in robust and UE power efficient manner in LTE networks where small cells enhancements are introduced. 

	RIM
	We are fine to further study this and it is up to the operator if they would like to support this in their deployment. We feel that for such scenario, the emphasis should be on robustness, and the goal could be to maintain the basic connection. 
	We support this

	CATT
	Our view is that small cell enhancements shall mainly target for low mobility UEs. For high mobility UEs, the following aspects can be studied:

1. Whether high mobility UEs shall be allowed in small cells. The study shall evaluate the benefits of such high speed UEs connecting to small cells, at least in terms of UE throughput.

2. Whether mobility enhancements shall be developed for high speed UEs. 

a) In case high speed UEs shall not be allowed in small cells, study if new mechanism(s) shall be developed to prevent high speed UEs accessing small cells. 

b) In case high speed UEs shall be allowed in small cells, study the benefits and complexity of mobility enhancement technique(s).

c) The study shall at least consider UE mobility performance and power consumption. 
	We are fine to study the benefits and necessity of mobility enhancements for higher speeds (e.g. 50-80km/h) in small cell enhancement.

We are reluctant to make it a requirement that small cell must support high speed UEs.

	Pantech
	When we think about the small cell deployment scenario in metro area, the mobility enhancements with supporting the 50~80km/h case might be feasible and could be studied in the small cell enhancement. For example, on the vehicle, it should be possible to connect the small cell by UE. However, the low and middle speed might have higher priority than the higher speed scenario (e.g., 50~80km/h) for the fast progress of the standardization.
	We are fine to support studying higher speeds (e.g., 50~80km/h) 

	Hitachi
	Potential enhancement for robust mobility is preventing high mobility UE from accessing the low-speed optimized cell but to be served by the backward compatible carrier. In this sense, we think higher speed mobility (e.g. 50-80km/h) case should not be precluded at this stage. The design details should be evaluated and decided at SI stage.
	Support

	ZTE
	Basically we agree with CATT and encourage companies to study whether it is really necessary as first step.
	Not to include high speed UE before concluding any evaluation

	Intel
	We think that it is important for the small cell enhancements SI to evaluate the suitable range of UE speeds where offloading to small cells is beneficial while ensuring mobility robustness, in particular for the outdoor dense small cell deployment scenario. In such deployment scenario, vehicular UE speeds should be considered.

In addition, we also think that solutions to avoid handing over extremely high mobility UEs to small cells should also be studied.
	Support

	Ericsson, ST-Ericsson
	Agree with Qualcomm, Docomo Nokia, NSN and others that it would be good to investigate mobility support also for vehicular speeds. 
	Support

	MediaTek
	The benefits of small cells shall apply to UEs of low or medium speed, but it should be prevented that the system and UE performance deteriorates because the presence of high speed UEs in a local area.
	Support

	CATR
	For high mobility users (e.g., 50~80km/h), we think it is better to firstly consider how to avoid the frequently handover between small cell and macro cell, especially when small cells are dense deployment. Therefore, the range of UE speeds for small cell accessing should be studied. 
	Support to study the necessity of mobility enhancements for higher speeds (e.g. 50-80km/h) in small cell enhancement.

	Telefónica
	The main target for small cells is to serve UEs of low speed (under 50kmph). However, it seems clear that in outdoor scenarios UEs of higher speed could be crossing the small cell coverage area. Therefore mechanisms for dealing with higher speed UEs, aiming an optimal mobility approach, need to be addressed
	Support

	Renesas Mobile Europe Ltd.
	While it is important that the networks are able to handle UEs of all speeds, we don’t think it makes sense to offload fast-moving UEs to cells where they would stay only a very limited time. It would be better to optimize the small cells for low mobility and consider enhancements to medium-fast speed UEs to be handled by existing mechanisms (which are already well supporting such UEs). We are fine studying other options if need is identified.
	Ok to study the need of new mechanisms over the existing ones.

	Texas Instruments
	We agree that although small cell enhancements should target low to medium speed UEs, robust mobility performance for higher speed UEs is important when small cells are deployed. 
	Study mobility enhancements for higher speed UEs

	Sharp
	We support the idea of studying mobility as per DoCoMo et al, as we also think the 50-80 km/h use case is important.


	We support this

	Broadcom
	We should investigate up to which speed offloading is beneficial. Mechanism to exclude high speed UEs should be considered. We should study how UE speed can be estimated.
	Support

	AT&T
	Initially, it may be more productive to focus on layer management mechanisms to keep high mobility UEs on the macro cells and slow mobility UEs on the small cells.  Consequently, UE speed detection mechanisms should be explored as part of the small cell enhancements.  However, we see the potential benefit of this component of study and are open to exploring it.  
	Support, but at lower priority

	CMCC
	We agree with CATT that the study shall evaluate the benefits of such high speed UEs connecting to small cells. We also think that UEs with speed too high should not be served by small cells. The outcome of Hetnet mobility study item can be a good input for the evaluations mentioned above and we should avoid duplications between small cell enhancement and Hetnet mobility.
	We are fine to further evaluate the performance of medium/high speed UEs. For higher speed UE, we should avoid serving them by small cells. The outcome of Hetnet mobility study can be used for the evaluations mentioned above.

	Samsung
	It is necessary to study mobility enhancements for higher speeds (e.g. 50-80km/h) in the environment where small cells are deployed. Whether to provide enhanced user throughput via small cells would depend on study of potential technologies. 
	We support to keep the note, understanding that whether to introducing mechanisms for small cells to support higher speed UEs will be decided taking into account the outcome of the study. 

	LG
	Agree with Qualcomm. 

1. More flexibility for deployment, near street 

2. High speed can be guaranteed for UEs in the cars
	Support

	Potevio
	We see that small cell enhancements e.g. in the areas of enhanced typical user throughputs and increased capacity are targeted mainly for low and medium speed Ues. Whether support the handling of high mobility UEs in small cell scenario should base evaluation results.
	Not to include high speed UE before concluding any evaluation


Discussion summary:
24 companies participated in the discussion
· 18 companies support to study mobility enhancements for higher speeds (e.g. 50-80km/h) in small cell enhancement e.g. for offload from vehicular UEs in outdoor small cells
· 9 companies think the solutions for excluding very high mobility users should be considered
· 5 companies expressed view that whether high mobility UEs shall be allowed in small cells depends on the evaluation of the benefits of such high speed UEs connecting to small cells, at least in terms of UE throughput
· 5 companies think low and middle speed have higher priority than the higher speed scenario
· Some companies provide more detailed topics e.g. up to which speed offloading is beneficial and how UE speed can be estimated in small cells

Proposed way forward:
Mobility enhancements for higher speeds (e.g. 50-80km/h) in small cell enhancements, e.g. for offload from vehicular UEs in outdoor small cells, can be studied in succeeding study items. Solutions for excluding very high mobility users should be considered.

The benefits of allowing high speed UE in small cells should be evaluated e.g. UE throughput gain, improved robustness of mobility, improved UE power efficiency, and up to which speed offloading is beneficial. Other topics e.g. how UE speed can be estimated in small cells can also be treated in succeeding study items of small cell enhancements.
[Editor’s Note 2:  Whether other metrics (e.g. power efficiency/cell edge performance) should be included in the SI will be further discussed.]
Company opinions
	Company
	Comments/discussion
	Position

	Qualcomm
	It is expected that the deployment of small cells in itself achieves improved power efficiency by bringing the eNB and UE closer to each other thereby reducing the required energy per bit. However, further enhancements should be supported. Small cells should support dormant mode to achieve further power savings.
	Support

	NTT DOCOMO
	As well as performance metrics, power efficiencies for UE and networks are very important metrics, e.g., to evaluate the small cell discovery and mobility using inter-band measurements for frequency-separated dense/sparse scenarios.

By the way, we wonder that such requirement may be not appropriate to be captured in Section 6.1.2, and may be a part of mobility performance presented in Section 8.2.
	Support

	Nokia Siemens Networks and Nokia
	We see that additionally aspects like device power efficiency and typical user throughputs in more than one user throughput figure (e.g. 50%-ile CDF point or average value for user throughput) would be good metrics when investigating the benefits of different small cell enhancement methods. For instance, we see that 5%-ile CDF point for user throughput would also be good metric when analyzing different small cells enhancements. We do not see that necessarily exact requirement numbers need be defined for these additional metrics but instead these additional metrics can be monitored and compared when analyzing different small cell enhancements methods.
	Support investigating performance of additional metrics like UE power efficiency and 5% user throughput CDF point 

	RIM
	We are fine to include these metrics. For cell edge performance, we'd like to better understand how it and average throughput will be used.  Is our understanding correct that 5% throughput is intended to address the coverage limited case, and that 50% throughput is a higher priority, since enhancements shall focus on cell capacity? 
	Ok to include cell edge performance, assuming that it addresses coverage limited scenarios.

	CATT
	Power efficiency and cell edge performance should be considered when discussing small cell enhancements.
	Support

	Pantech
	Regarding the power efficiency, we should consider not only the network but also UE aspects. Also, the cell edge performance could also be a metrics for the study of the small cell enhancements.
	Support

	Hitachi
	We think network energy /power efficiency should be included in the SI, considering network performance should be comprehensively evaluated. The concrete energy/power efficiency matrix definitions should be further discussed.
	Support including network energy/power efficiency

	ZTE
	Power efficiency and cell edge performance should be studied. 
	support

	Intel
	We consider both power efficiency and cell edge throughput as important performance metric for comparing different small cell enhancements solutions. 
	Support

	Ericsson, ST-Ericsson
	We consider both network and terminal power efficiency and cell edge throughput as important metrics
	Support

	MediaTek
	Both UE and network power efficiency are important, cell edge throughput is also an essential metric.
	Support

	CATR
	At least power efficiency and cell edge performance should be considered for small cell enhancements. 
	Support

	Telefónica 
	We agree with Qualcom that small cells are expected to bring power efficiency. However power efficiency is usually a controversial topic, since there is not common understanding of gains and consumption models needed for the power efficiency analysis. Therefore and not being this the focus of the SI we will prefer to skip the topic in order to make it more agile.
	Support for cell edge performance
No Support for energy efficiency

	Renesas Mobile Europe Ltd.
	The overall power efficiency is an important metric for the evaluations: Considering that there could be many small cells, both the UE and eNB power consumption should be minimized. Cell edge performance is also important, just as in earlier studies.
	Support

	Texas Instruments
	In principle we agree that power efficiency and cell edge performance should be considered. Regarding power efficiency we think more discussions would be needed to develop an evaluation methodology.
	Support

	Sharp
	Power efficiency for UE is quite important metric in the deployment of small cell and we support it. 

We also share NTT docomo’s concerns about where should we capture this aspect.

As Qualcomm and DOCOMO stated, there is two different aspects on UE power efficiency, i.e., transmission side or reception side. We should discuss how we capture them.
	Support

	Broadcom
	Cell edge throughput is of secondary value compared to average throughput.

Power efficiency (especially for UE) is an important metric.
	Support

	CMCC
	We also consider power efficiency and cell edge performance are important to evaluate further enhancement.
	Support

	Samsung
	Power efficiency of both terminal and network and cell edge performance are important aspects to study. 
	Support

	Potevio
	Power efficiency and cell edge performance should be considered when discussing small cell enhancements.
	Support


Discussion summary:
22 companies participated in the discussion
· All companies agree to include cell edge performance as a metric for further study

· 21 companies agree to include power efficiency as a metric for further study, 1 company thinks there is not common understanding of gains and consumption models needed for the power efficiency analysis
· 3 companies suggest including power efficiency for both network and UE

· 2 companies think the description on these metrics should be captured in Clause 8.2 “mobility requirements” of TR36.932

Proposed way forward:
Cell edge performance (e.g. 5%-ile CDF point for user throughput) and power efficiency (of both network and UE) are used as metrics for further study.
Ideal and non-ideal backhaul
[Editor’s Note: The characteristics of wireless backhaul can be identified in the second round of discussion.]

Company opinions
	Company
	Comments/discussion
	Position

	Vodafone
	We propose the following “wireless backhaul characteristics:

Latency (one-way): 5-35ms

Throughput: 10Mbps – 100Mbps typical, but maybe up to Gbps range (depends on specific deployment (NLOS vs. LOS), and bandwidth availability).

Priority: 1
	Support


Discussion summary:
4 companies participated in the discussion
· 1 operator provided characteristics for wireless backhaul, and proposed to set the priority of wireless backhaul to 1
· 1 operator suggested changing Fiber Access 2 to capture “good” backhauls, but could not reach consensus with 2 other operators
Proposed way forward:
Capture the characteristics of wireless backhaul in TR36.932, and change the priority of wireless backhaul to 1
4.2 [Small_Cell_R2_2] Requirements of small cell enhancements
Clause 7. Deployment-related requirements:
Discussion summary:
10 companies participated in the discussion and made comments/revisions on deployment use cases, co-existence and interworking and core network aspects. Most comments do not conflict with each other. All the comments (including responses from the rapporteur) are captured in document “Draft Clause 7_after_R2_with_revision_marks.doc” which was sent out via RAN reflector.
Proposed way forward:

Accept most revisions/comments. Irrelevant comments and comments which could not reach consensus are not accepted. The added text “The small cell nodes could be deployed indoors or outdoors, and in either case could provide service to indoor or outdoor UEs” can be moved to Clause 6.1.2 “Outdoor and Indoor”.
Clause 8. Capability and performance requirements:
Discussion summary:
16 companies participated in the discussion and made comments/revisions on system performance, mobility performance and coverage performance. Discussion on some topics also occurred in parallel via the RAN reflector. Most comments do not conflict with each other and consensus was reached for most topics discussed on the RAN reflector. All the comments (including responses from the rapporteur) are captured in document “Draft Clause 8_after_R2_with_revision_marks.doc” which was sent out via RAN reflector, with few in-consistent revisions made by different companies towards the same sentence removed to keep the integrity of the text. Some companies proposed to remove the last sentence of Clause 8.3 or move it to a more relevant section.
Proposed way forward:

Accept most revisions/comments. Irrelevant comments and comments which could not reach consensus are not accepted. The last sentence of Clause 8.3 “The coverage of the small cell layer is generally discontinuous between different hotspot areas. Each hotspot area can be covered by a group of small cells, i.e. a small cell cluster ” can be moved to Clause 6.1.4 “Sparse and dense”.
Clause 9. Operational Requirements:
Discussion summary:
9 companies participated in the discussion and made comments/revisions on architecture, cost and complexity and energy efficiency. Most comments do not conflict with each other. All the comments (including responses from the rapporteur) are captured in document “Draft Clause 9_after_R2_with_revision_marks.doc” which was sent out via RAN reflector.
Proposed way forward:

Accept most revisions/comments. Irrelevant comments and comments which could not reach consensus are not accepted.
