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1 Introduction

The first round of email discussion to finalize the “scenarios” part and identify several Fundamental “principles” of requirements for small cell enhancements was carried out on the RAN reflector during the period from September 17, 2012 to October 5, 2012 (three weeks). Around 30 companies participated in the discussion.

The rapporteur collected opinions from all participating companies and proposes way forwards for review in Section 2. Discussion details are listed in Section 4 of this document.
2 Proposed way forwards
Proposed way forwards for topics discussed are listed as following:

Topics:

[Small Cell] First Batch of Topics – Backhaul:
1a.
Operator input on the characteristics of the non-ideal backhauls e.g. the range of throughput, latency and variation of latency
Proposed way forward: 

For clarity, combine the information shared by operators and capture the following backhaul categories in the TR, taking latency and throughput as performance metrics. The characteristics of wireless backhaul can be identified in the second round of discussion.
	Backhaul Technology
	Latency (One way) 
	Throughput
	Priority (1 is the highest)

	Fiber Access 1 
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	[low]
	[medium]
	2


[1b.] Whether X2 interface could be assumed between macro and small cell, as well as between small cell and small cell?
Proposed way forward: 

The studies should first identify which kind of information is needed or beneficial to be exchanged between nodes in order to get the desired improvements before the actual type of interface is determined. And if direct interface should be assumed between macro and small cell, as well as between small cell and small cell, X2 interface can be used as a starting point.
[Small Cell] First batch of topics - Spectrum:
2a.
The identification of necessary specific co-channel scenarios which are not covered by existing or coming WI/SI, and applicability of the small cell enhancements to these scenarios

Proposed way forward: 

Keep the text currently captured in the TR, and add the following sentence:

Example spectrum and deployment configurations shall be captured in the TR as a basis for studies.
2b.
other spectrum related issues e.g. target bands & potentially available bandwidth for small cell deployment
Proposed way forward: 

Keep the two sentences currently captured in section 6.2 of RP-121417, i.e. “Small cell enhancement should be applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band, to enjoy the more available spectrum and wider bandwidth” and “Small cell enhancement should be supported irrespective of duplex schemes (FDD/TDD) for the frequency bands for macro layer and small cell layer”.

Add two sentences “air interface and solutions should be band-independent” and “aggregated bandwidth per small cell should be no more than 100 MHz, at least for Rel-12” to the TR. Detailed discussion for channel models can take place in the subsequent study item on the physical layer enhancement.
[Small Cell] First batch of topics - Traffic:
3a.
Traffic load profiles (Uniform/non-uniform, change of traffic in small cells)
Proposed way forward: 

Keep the current text which shows traffic load in a cell or in different cells can be very much fluctuating in the TR.

Both uniform and non-uniform traffic load distribution in time-domain and spatial-domain should be considered. 

Non-full buffer and full buffer traffic are included when non-full buffer traffic are prioritized to verify the practical cases. More detailed evaluation methodologies should be studied in working group level in subsequent physical layer and high layers SIs of small cell enhancement.
3b.
Synchronization between small cells and between small cells and (overlaid) macro cells
Proposed way forward: 

Both synchronized and un-synchronized scenarios should be considered between small cells as well as between small cell and macro. For specific operations e.g. interference coordination, carrier aggregation and inter-eNB COMP, synchronization is prioritized in the study.
[Small Cell] First batch of topics - Backward compatibility & UE speeds:
4a.
How can legacy terminals work in the scenario?
Proposed way forward: 

Backwards compatibility, i.e. the possibility for legacy (pre-R12) UEs to access a small-cell node/carrier, is desirable for small cell deployments.

The introduction of non-backwards compatible features should be justified by sufficient gains.
4b.
The range of UE speed for indoor and outdoor
Proposed way forward: 

UE speed for indoor (low speed) is 0~3 km/h, and for outdoor (medium speed) is up to 30km/h.

Small cell enhancement should focus on low UE speed for indoor and up to medium speed for outdoor. 
Benefits and necessity of mobility enhancements for higher speeds (e.g. 50-80km/h) is for further study.
Further discuss and identify requirements on mobility enhancements in the SI.
4c.
Performance metric (e.g. throughput, mobility/connectivity) for different UE speeds

Proposed way forward: 

Both throughput and mobility/connectivity shall be used as performance metric for both low and medium mobility.

It is for further discussion whether other metrics (e.g. power efficiency/cell edge performance) should be included in the SI or not.
[Small Cell] First batch of topics – CSG:
5a.
Is CSG/hybrid in the scope of the study?

[Rapporteur’s note]: CSG/hybrid seems to be an independent topic which can be treated in other WI/SI e.g. further enhancements of HeNB.
Proposed way forward: 

Stick to the Editor’s note that CSG/hybrid is an independent topic which can be treated in other WI/SI. Solutions agnostic to CSG/hybrid or open access can be also applied to CSG/hybrid.
[Small Cell] First batch of topics - fundamentals of requirements

6a.
For peak data rate and spectrum efficiency/user throughput, shall quantitative requirements (e.g. numeric value of peak data rate) be defined, or qualitative requirements (wording like “peak data rate should be substantially improved”) is sufficient?
Proposed way forward: 

No quantitative requirements are specified for peak data rate, and capture sentences similar to “The enhancements shall focus on cell capacity i.e. achievable user throughput and system throughput. Performance metrics including improvements in comparison to Rel-11, supported capacity with given density of small cells, capacity per unit area (bps/km2) and typical user rate (e.g., 50% CDF or geometric average) can be used for further evaluation” in the TR.

Numerical target values for system throughput/spectrum efficiency can be identified during the succeeding SI phase.
3 Actions

Updated draft TR (version 1, with the scenario part and “principles” of requirements only) will be submitted to RAN1/2/3/4 meetings in October for information (no online time allocated). The rapporteur will collect offline comments from WGs and email discussion on RAN reflector can go on during the WG meeting. The draft TR can be updated with initial WG feedback if necessary.
4 Discussion Detail:
4.1 [Small Cell] First Batch of Topics – Backhaul: 
1a.
Operator input on the characteristics of the non-ideal backhauls e.g. the range of throughput, latency and variation of latency
[Rapporteur’s note]: 
Backhaul can be categorized into combinations of throughput, latency and (possibly) variation of latency, and the following example format can be used for input:

--------------------------------------------------------------------------------------------------------------------------

Operator Name

Category         Latency      Throughput                  Variation of Latency                  Priority

1                     10-20ms          10Gbps                                 [x] ms                        1 (highest priority)
2                    20-30ms           1Gbps                                   [y] ms                                           2

--------------------------------------------------------------------------------------------------------------------------

	Company
	Opinions

	Qualcomm
	We believe options for backhaul less than 10G or 1Gbps are also useful, e.g. 50Mbps and <10Mbps, with 10-15ms one way latency for wired backhaul nodes. The lower rates provide more flexibility for cell site location and increased cell density, and are applicable for both wired backhaul and self-backhauled nodes. We look forward to operator views on this. We also want to understand if considering 10Gbps and 1Gbps rates separately is important in the context of small cells work, or maybe these could be combined into a generic 1Gbps+ category?

	AT&T
	Category1     Latency     Throughput        Variation of Latency        AT&T Priority         
    (Average)              (round-trip)                                                                                
Fiber Access      15-20ms       10-1000Mbps           TBD2                 1 (highest priority)
Cable            25-35ms           10-100 Mbps            TBD2                             2

DSL                30-60ms            10-100 Mbps          TBD2                             3
AT&T Notes:

1. All categories above are Broadband Services and still considered “Non-ideal” and are best effort type services

2. Variation of Latency – requires a better definition

3. Latency and throughput values above extracted from the following FCC Report, Measuring Broadband America – A Report on Consumer Wireline Broadband Performance in the U.S.; http://transition.fcc.gov/cgb/measuringbroadbandreport/2012/Measuring-Broadband-America.pdf    

4. Additional Backhaul references for Small Cells supplied by NGMN may be found at http://www.ngmn.org/nc/downloads/techdownloads.html  

· NGMN Whitepaper Small Cell Backhaul Requirements

· NGMN Whitepaper LTE Backhauling Deployment Scenarios

Heterogeneous Networks - White Paper Summary

	Nokia Siemens Networks & Nokia
	While the backhaul numbers are expected to come from operators, a few remarks to the points raised by Qualcomm. We see that the 1 Gbps and 10 Gbps should not be combined to a generic category as with the 10 Gbps range there is possibility to consider RF head type of solutions which is clearly not feasible with the 1 Gbps range. Combining them only hides relevant information. Further we do not see that high motivation to include the below 10 Mbps and/or self-backhauled nodes here as the resulting end users data rate from the small cell is then going to be very small (and if also being eaten from macro cell capacity), but of course leave the further commenting on this to the operators.

	Ericsson
	We would tend to agree with NSN here. It’s important to understand the possible difference deployments based on operator requirements, and especially for remote radio head –like solution both high throughput and low latency is required. It’s preferable to not group all “high throughput” backhauls together. We also would expect that with < 10 Mbps backhaul capacity or very high latency the benefits of optimized small cells are relatively limited, and for this reason would prefer to not prioritize this scenario, but of course if it is prioritized by operators, further possibilities can be studied.

	DAC-UPC
	We would recommend decoupling the solutions from the requirements; in fact, there are already tested system architectures for small cells proved to provide 1Gb/s/km2, while using self-backhauling.

	ALU
	I would like to note this discussion from RAN1 R1-093344 which addresses also the latency point that is mentioned by AT&T needing further clarity

Backhaul Type

Technology

Data rate

Latency

Fiber

Gigabit Ethernet

1 Gbps – 10 Gbps 

Node delay: a few (sec to a msec

Link delay ~ light velocity over fiber*

Copper

Bundled T1/E1

N  1.5-2 Mbps

Node delay: 20 msec [8][10]

Link delay

Bundled VDSL2

N 100 Mbps

Node delay: a few (sec

Link delay (Limited distance)

Microwave

E-band

(71-76 GHz, 81-86 GHz)

Up to 1 Gbps 

Node delay: a few (sec

Link delay : light velocity over air (LoS)

* Note: The propagation velocity through fiber depends on the refractive index of the fiber material and mode of propagation. Typically, the propagation velocity through fiber is typically 2/3 that of free space propagation velocity. For fiber length of 10 km, the one-way link delay is approximately 75 (sec. For free space, the one-way propagation delay for 10 km distance is 50 (sec. 

	CMCC
	Our preference on the capability of backhaul is as follows:

Category   Latency (One way)   Throughput       Variation of Latency            Priority

Fiber Access 1       10-20ms             10Gbps                     TBD                1 (highest priority)

Fiber Access 2       20-30ms              1Gbps                       TBD                                 2

	TEF
	Clarifications on backhaul delays to be considered should be part of the WI objectives, since different parameters should previously be clarified.

	VDF
	AT&T latency values seem to cover different wireless technologies as well, so we are ok with that. Throughput for wireless cases will depend on spectrum.

	MediaTek
	We thank AT&T for providing some guidance and references. Look forward for more operators’ input.  Modeling of realistic backhaul needs further discussion for relevant technologies such as enhanced CoMP.

	TELECOMO ITALIA
	Our characteristics of the non-ideal backhaul performance are as follows:

Category                    Latency (One way)               Throughput                         Priority
Fiber Access                 5-10 ms                             100-1000 Mbps                     2 
DLS                            15-20 ms                       50-100 Mbps                      1 (highest priority)


Summary:

11 companies participated in the discussion

· 4 operators provide the preference on the capability consideration of different kinds of backhauls, with latency and throughput as performance metrics. All 4 operators consider fiber, 2 operators consider DSL, and 1 operator considers cable. Characteristics of the same backhaul technology sourced from different operators overlap with each other. 1 vendor thinks the latency proposed by operators need clarity.

· 1 vendor requests to consider <10Mbps backhaul capacity, while 2 other vendors think the benefit of this link speed for small cell users will be small. 1 other company suggests decoupling solutions from the requirements. No operator requests links with <10Mbps capacity

· 1 vendor suggests combining 1Gbps and 10Gbps rates into a generic 1Gbps+ category, while 2 vendors think this is inappropriate since the two rates may lead to different solutions

Proposed way forward:

For clarity, combine the information shared by operators and capture the following backhaul categories in the TR, taking latency and throughput as performance metrics. The characteristics of wireless backhaul can be identified in the second round of discussion.

Backhaul Technology 
Latency (One way)     Throughput                Priority (1 is the highest)
Fiber Access 1      

 10-30ms               10M-10Gbps                          1

Fiber Access 2   

5-10 ms          100-1000 Mbps            2
DSL Access     

15-60ms                10-100 Mbps                           1

Cable               

25-35ms               10-100 Mbps                               2
Wireless Backhaul

[low]



[medium]




2
And a relevant question is,
Whether X2 interface could be assumed between macro and small cell, as well as between small cell and small cell?
	Company
	Opinions

	CATT
	X2 interface between macro-cell and small cell, as well as between small cells, may be beneficial for performance improvements. However, details on such X2 interface needs to be discussed during the study/work item phase.

	Huawei
	The studies should first identify which kind of information is needed/beneficial to be exchanged between nodes in order to get the desired improvements like interference coordination, mobility enhancements etc. Ways to convey this information can be part of the study itself.

	Qualcomm
	Agree with Huawei view.

	DAC-UPC
	Our concerns are related to the ADSL backhaul very high asymmetry, which in case of small cells using this kind of backhaul will impede on the user throughput and inter-cell real-time collaboration. Based on our search, The UL ADSL2+ line capacity may be only 1Mb/s, while the DL goes to more than 16Mb/s. Regarding X2, this is a logical interface, but its performance will depend in some cases on the limitations of the transport medium. So we suggest to add in the “Operator input” the topic of “UL throughput” .

	AT&T
	Yes, X2 should be assumed between small cells and from small cell to macro cells and is also assumed to be present in the later scenario to support HetNet.

	DOCOMO
	Agree with Huawei’s view. No description is needed for requirement regarding the presence of X2 interface

	CATR
	Agree with huawei’s view.

	Nokia Siemens Networks and Nokia
	We also share the view from Huawei here (that first we focus on identifying the small cell and macro cell communications need), in addition to the comment from DAC-UPC, we also expect 1 Mbps not being sufficient for small cell backhaul for “uplink” direction, at least to achieve good end user perception

	ALU
	User plane backhaul latency and capacity depends on the backhaul technology rather than on the presence or absence of X2. For control plane signalling and coordination, X2 should be supported

	CMCC
	X2 interface could be assumed and whether other kind of interface is needed could be further discussed in later phase.

	Intel
	Agree with Huawei’s view.

	Telecom Italia
	We agree that the study should first identify which kind of information is needed/beneficial to be exchanged between nodes. X2 interface enhancements to support such new information exchange could be considered according to the analysis

	NEC
	Agreed with Huawei’s view. We think that at first we need to identify what kind of useful information would be needed before we can decide if X2 interface can be assumed.

	Panasonic
	We have a similar view as Huawei to check the kind of information that would be beneficial for the exchange between nodes. This should take the non-ideal characteristics identified in Question 1 into account.

	DT
	We agree the studies should first identify the kind of information needed/beneficial. As also other features (CoMP (interface/architecture enhancements already included in WI) , BB hotelling concepts, ...) may require new information to be exchanged more generic work on interface enhancements could/should be considered..

	China Unicom
	Considering X2 interface between eNB and HeNB as well as between HeNBs has been introduced in the mobility enhancements of HeNB, we think it’s necessary to assume X2 interface during the SI/WI phase.

	TEF
	In high density scenarios aiming  improving area spectral efficiency using indoor H(e)NBs, it is not practical, due to security, scalability or economic reasons to think on small cells with X2 interfaces

	LG
	We also think that identifying what information needs to be exchanged between small cells and between small cell and macro cell is necessary. In terms of solutions/techniques, however, we think both cases where direct communication (e.g., X2 interface) among nodes are present or not should be considered.



	Fujitsu
	We agree with Huawei’s view. Whether or not X2 could be assumed needs to be considered on a case by case basis.



	KDDI
	X2 should be assumed between small cells and from small cell to macro cells. Assuming X2 to be present, inteference coordination between small cells should be considered.

	PANTECH
	We agree Huawei's view on this issue. Before we discuss the X2 interface, we would better try to study and clarify on the information to exchange between small cell and macro cell as well as between small cell and small cell.

	MediaTek
	Agree with Huawei the study should first indentify which kind of information is needed/beneficial to be exchanged between nodes in order to get the desired improvements like interference coordination, mobility enhancements etc, as well as how timely the information exchange needs to be and under which backhaul options.

	BRCM
	We agree with other companies that the SI should determine the requirements of information exchange between the eNBs and how to accomplish them.


Summary:

23 companies participated in the discussion

· 16 companies support the view that the studies should first identify which kind of information is needed or beneficial to be exchanged between nodes in order to get the desired improvements before the actual type of interface is determined

· 4 companies think that X2 interface can be assumed during the SI/WI phase

· 1 company suggests that X2 interface should be supported for control plane signaling and coordination
· 1 company raises the question on asymmetric backhaul link ASDL+, where the uplink speed (~1Mbps) is much less than the downlink speed (~16Mbps). 1 other company thinks 1 Mbps not being sufficient for small cell backhaul for “uplink” direction.
· 1 company thinks it is not practical to apply X2 interfaces on small cells in high density scenarios
Proposed way forward:

The studies should first identify which kind of information is needed or beneficial to be exchanged between nodes in order to get the desired improvements before the actual type of interface is determined. And if direct interface should be assumed between macro and small cell, as well as between small cell and small cell, X2 interface can be used as a starting point.
4.2 [Small Cell] First batch of topics - Spectrum:
2a.
The identification of necessary specific co-channel scenarios which are not covered by existing or coming WI/SI, and applicability of the small cell enhancements to these scenarios
	Company
	Opinions

	CATT
	Without detailed scope of small cell enhancements, it may not be straightforward to see what needs to be done differently for the co-channel and non-co-channel cases. Considering that the Rel-10/11 WIs on eICIC/feICIC/CoMP and the possible Rel-12 WI on eCoMP are all for the co-channel case, it seems reasonable that the non-co-channel case shall have higher priority than the co-channel case for small cell enhancements. However, we do see that several potential small cell enhancements (e.g. introducing of higher order modulation, overhead reduction etc.) can be equally applicable to the co-channel and non-co-channel case. Hence our current preference is that small cell enhancements shall focus on the non-co-channel case and shall aim to apply the same solution for the co-channel case whenever possible.

	Huawei
	We agree with CATT. The R12 small cell enhancement study should focus on the non-co-channel Macro/Pico scenario, while covering the co-channel interference among the small cells. It is also our understanding that many of the identified enhancements can be applicable to the co-channel scenario as well.

	ZTE
	It is true that co-channel issue was discussed in Release 11, but scenario like dense small cell deployment was actually not covered. So we intend to think we should evaluate this scenario at first to decide whether any co-channel enhancement is needed or not based on the outcome of the evaluation.

	China Telecom
	Investigations on co-channel deployment scenarios in previous release focused more on coordination between Macro and small cell, rather than on optimization for small cell itself. We also think that some potential enhancements discussed, e.g., UL OFDM and higher order modulation, can be possibly used for small cell enhancement in co-channel deployment scenarios. However, the design may not be exactly same as that in non-co-channel cases due to the difference in channel characteristics. Therefore, our current preference is that co-channel case may not be precluded at this stage, and further study may be needed

	DOCOMO
	Agree with CATT & Huawei. Regarding ZTE comments, we think that co-channel issue among dense small cells is already included in the current scope of small cell enhancement (e.g. interference/resource management).

	Samsung
	Our assumption is that the WID on hetnet (draft in RP-121406) will address the main topics for co-channel hetnet deployments. Also, co-channel scenarios have been extensively investigated in Rel-10/11 WIs, e.g, eICIC/FeICIC/CoMP/TDD IMTA. Therefore we do not see additional enhancements to be specifically considered for co-channel scenarios in this WID

	AT&T
	Due to limited spectrum availability for some, the study should equally consider co-channel and non-co-channel scenarios and assume that Hetnet features are available.   Example spectrum configurations are: 

A. carrier aggregation on the macro layer with bands X and Y, and only band X on the small cell layer

B. Small cells supporting carrier aggregation bands that are co-channel with the macro layer

C. Small cells supporting carrier aggregation bands that are not co-channel with the macro layer

	Texas Instruments
	Agree with CATT as we would like to avoid overlap between small cell work and further enhancements to Rel-11 topics such as FeICIC and CoMP. Regarding specific PHY enhancements such as higher order modulation and UL OFDM, these features can certainly be applicable in co-channel deployment scenarios.

	Orange
	Provided that not all operators can afford dedicated carriers to the small cells operation, co-channel deployment of macro and small cells is expected to remain an important small cells deployment scenario in Europe among other regions for quite some time. We believe that R12 enhancements of small cells should be studied equaly for the co-channel and dedicated channel's deployement to complement the work already performed within R11. Some enhancements expected to be studied specifically for small cells in Rel-12 are applicable to both co-channel and non co-channel cases, some possibly with extra adaptations. Therefore, we propose to add the following scenario to the R12 study item as a proof case scenario to verify that the enhancements targeted by the Rel 12 small cells studies will also be usefull for co-channel deployments.

Co-channel proof case: Dense outdoor co-channel small cells deployment, considering low mobility UEs, non ideal backhaul. All under the Macro coverage.

	InterDigital
	The identification of specific co-channel scenarios will depend on the eventual scope of upcoming WIs and SIs.  Co-channel deployment of multiple eNBs with non-ideal backhaul, for example, has been considered as part of the evolution of R11 CoMP by some companies.  The inclusion of such a scenario in the small cell work depends on the scope of a future R12 CoMP WI.  We believe that features like this, which are designed mostly or explicitly for co-channel scenarios should continue to evolve but should probably be in other work/study items.

	CATR
	We agree with CATT and Huawei. In R12 small cell enhancement, we should focus on non-co-channel scenarios

	ALU
	As stated by Huawei, the non-co-channel Macro/Pico scenario should be considered, including issues related to the co-channel interference among the picocells. Issues that have already been addressed for the co-channel macro-pico scenario should not be revisited, but co-channel issues which have not been considered heretofore may be included.  Enhancements which are agnostic to co-channel and non-co-channel macro-pico deployment should of course be applicable to both deployment cases.

	CMCC
	Agree with CATT that higher priority could be given to non-co-channel case in R12 small cell enhancements.

	Ericsson
	Agree with CATT, Huawei, Docomo, CMCC and others that we should prioritize separate frequency scenario without excluding the possibility to apply identified enhancements to co-channel scenario.

	Intel
	We think that for co-channel deployment between macro and small cells, dense small cells and indoor small cells scenarios were not covered in Rel-10/11 WI/SI (eICIC/FeICIC/CoMP/Hetnet mobility enh). These scenarios have impact on interference management and mobility performance. Whether to include the mobility issues for these scenarios as part of the Rel-12 WI on hetnet mobility can be further discussed.

	Telecom Italia
	We tend to agree with first sentence of CATT: without detailed scope of small cell enhancements, it may not be straightforward to see what needs to be done differently for the co-channel and non-co-channel cases. In addition, taking into account that several small cell enhancements can be applied to both co-channel and non co-channel cases and several new scenarios with dense deployment have not been taken into account in the previous releases, we prefer to consider both co-channel and non co-channel cases with equal priority during the study item phase. From an operator point of view this can allow more flexibility to deploy the possible enhancements in the network.

Moreover, as stated in the RAN plenary and by others, not all operators have spectrum to dedicate to small cells deployments. This is a very strong constraint leading to the evaluation of co-channel scenarios (we support the addition of the scenario proposed by Orange). Impact of solutions developed for non co-channel scenarios on the co-channel case should also be evaluated.

	Renesas Mobile Europe Ltd
	Also agree that the focus should be on the separate frequency scenario.

	NEC
	We think that co-channel should be low priority. This Small Cell enhancements study should focus on non-co-channel.

	Panasonic
	We agree to prioritize the separate frequency scenario without excluding the possibility to apply identified enhancements to the co-channel scenario between macro and small cells.

	China Unicom
	Comparing with co-channel scenario that has been treated in several WI/SIs in Rel-11, more research endeavors can be devoted into non-co-channel scenarios. However, we think that certain co-channel scenario such as dense deployment is also important and should be considered in the SI.

	TEF
	We believe that RAN must consider co-channel deployments as a part of this work.  Massive deployments of co-channel deployments under macro cell coverage do need to increase interference coordination and/or cancellation mechanisms, not based on X2 interface. The use of specific frequency bandwidth for small cells usage is a heavy economic burden for operators, new procedures taking advantage of CA techniques could be included.

	KDDI
	Our preference is that the Small Cell Enhancements study should focus on the non-co-channel scenarios. Features designed mainly for co-channel scenarios can be properly treated in other work/study items.

	MotMobility
	We also agree to prioritize the separate frequency scenario without excluding the possibility to apply identified enhancements to the co-channel scenario between macro and small cells.

	LG
	We think that co-channel scenarios (at least partially share the frequency band such as case A and B listed by AT&T) should be considered in upcoming RAN1 small cell SI with a condition that overlap portion to HetNet/ICIC/CoMP WIs shall be excluded in the discussion of small cell SI. Yet, we think that priority shall be given to non-co-channel cases. 

	Fujitsu
	We think that the Rel-12 small cell enhancement study should prioritise the non co-channel scenario. It is also our understanding that many of the identified enhancements could be applicable to the Macro/Pico co-channel scenario as well.

	PANTECH
	We agree on the CATT and Huawei opinions. In Rel-10 and 11, we have already treated the eICIC, FeICIC and CoMP which are similar to co-channel scenario in the small cell enhancement. Therefore, our preference is that the non-co-channel should be first priority for the small cell enhancement. And then, the co-channel scenario should be treated as lower priority than the non-co-channel because there might be an difference between Rel-10, 11 and Rel-12 small cell enhancement.

	MediaTek
	From deployment scenario perspective, co-channel deployment for small cell will certainly be encountered by operators. From 3GPP project management perspective, it is also important to avoid the overlap with other potential Rel-12 features. During the SI phase, taking co-channel scenario into consideration should be fine. How the WI scope should be shaped could take other Rel-12 SI/WI progress into consideration later.

	BRCM
	We recommend focusing on both co-channel and non-co-channel deployments. For the co-channel case, we want to avoid overlaps with other WI/SIs but agree that the case of dense small cells indoors has not been completely covered. There is also a need to determine how to apply non-co-channel enhancements to the co-channel case as it is not always trivial.


Summary:

28 companies participated in the discussion

· 18 companies support that small cell enhancements shall focus on the non-co-channel case without excluding the possibility to apply identified enhancements to the co-channel scenario between macro and small cells
· 5 companies request that co-channel and non-co-channel scenarios should be considered equally. Example spectrum and deployment configurations are also given.

· 5 companies think evaluation is needed to decide whether any co-channel enhancement is needed or not, e.g. for dense small cells and indoor small cells scenarios. 1 other company points out that co-channel issue among dense small cells is already included in the current scope of small cell enhancement
Proposed way forward:

Small cell enhancements shall focus on the non-co-channel case without excluding the possibility to apply identified enhancements to the co-channel scenario between macro and small cells. Example spectrum and deployment configurations can be captured in the TR as reference for further study.
2b.
other spectrum related issues e.g. target bands & potentially available bandwidth for small cell deployment

	Company
	Opinions

	CATT
	On the target bands for small cell deployments, our view is very much aligned with the sentence captured in section 6.2 of RP-121417, i.e. “Small cell enhancement should be applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band, to enjoy the more available spectrum and wider bandwidth.”   
On the duplex mode for macro-cell and small cell, our view is that Rel-12 small cell enhancements shall focus on the general areas instead of supporting particular combination(s) of duplex modes between macro-cell and small cell. Hence, our preference is to revise the last paragraph in section 6.2 of RP-121417 (i.e. “Small cell enhancement should be supported irrespective of duplex schemes (FDD/TDD) for the frequency bands for macro layer and small cell layer.”) to “Small cell enhancement should be supported for both FDD and TDD.”

	Huawei
	The air interface and solutions should of course be band-independent. At the same time the studies should take into account a larger available bandwidth and properties of small cell deployments at higher frequencies, e.g. 3.5 GHz. However, we do not expect to introduce more than the currently supported aggregated bandwidth of 100 MHz per small cell (the total available bandwidth from a spectrum allocation perspective may still be higher).

	ZTE
	On the target bands, we have same view as CATT.

	Qualcomm
	Another important issue is the development of propagation models and evaluation methodology appropriate for higher bands, including support for indoor and outdoor small cells.

	China Telecom
	Both high and low frequency band (in case of co-channel deployment) can be potentially used for small cell deployment.

	DOCOMO
	On the target bands for small cell deployments, our view is very much aligned with CATT, i.e., the sentence captured in section 6.2 of RP-121417.
On the duplex mode for macro cell and small cell, our opinion is that Rel-12 small cell enhancements including macro-assisted operation can be supported irrespective of the combination of duplex modes between macro and small cells. In other words, it can be expressed as “Small cell enhancement should be supported for both FDD and TDD, and any combinations of duplex modes between macro and small cells can be studied.”
From the UE capability perspective, Tx/Rx bandwidth wider than 100 MHz is not so urgent issue. Thus, at least for Rel-12 time frame, small cell enhancements should focus on more basic technology components without further bandwidth extension.

	DAC-UPC
	We agree with the sentence proposed by DOCOMO: ““Small cell enhancement should be supported for both FDD and TDD, and any combinations of duplex modes between macro and small cells can be studied.”

	Samsung
	We think the current text in the TR is good and support the addition of the new sentence proposed by NTT DCM.

	AT&T
	Solutions should be band-independent. Any potential for 3.5 Ghz availability is in Region 2 is in the distant future, thus, we would not want 3.5 Ghz studies to impact studies on existing bands and recently defined bands.

	Texas Instruments
	Also agree that the current text in Sec. 6.2 of RP-121417 seems adequate and the additional text proposed by DOCOMO should be fine.

	Orange
	We believe that the proposed enhancement for Small cells should be band-independant as it is always the case in 3GPP RAN.

	InterDigital
	Our view regarding target bands is in-line with other company opinions.  The existing text captured in Section 6.2 of RP-121417 seems adequate.

	CATR
	Target bands were related to channel model. Compared to macro cell, Higher frequency is more applicable to small cell. 3.5GHz might be one target bands for small cell deployment. The available bandwidth might be over 100MHz.

For duplex issue, we agree with CATT that small cell enhancement shall focus on the general areas instead of a particular combination of duplex modes. “Small cell enhancement should be supported for both FDD and TDD”is ok.

	ALU
	Agree with Samsung, the current text in the draft TR regarding frequency bands is fine. Regarding Qualcomm’s comment, we are not sure to what extent new models are needed for 3.5GHz, and the existing models may be sufficient. Regarding duplex modes, the sentence proposed by Docomo is fine.

	CMCC
	For the target bands we agree with CATT. The development of propagation models and evaluation methodology appropriate for higher bands can be treated in subsequent study item on the physical layer enhancement. For the duplex mode, the modification proposed by CATT seems to be appropriate as a general statement.

	Ericsson
	We also agree on the bands with CATT and all, but the understanding that the solutions developed will be band independent (as usual). It’s not clear to us that new channel models are needed for bands in 3.5GHz range, but obviously are needed for much higher frequencies. We also agree with CATT and CMCC that small cell enhancements should be equally applicable to FDD and TDD.

	Intel
	On the target bands, we agree with CATT and others that the text in the TR is good. On the duplexing mode, we support the sentence suggested by DOCOMO. In addition, we agree with Huawei/DOCOMO that the aggregated tx/rx bandwidth should not exceed the 100MHz defined today.

	Telecom Italia
	On the target bands for small cell deployments we consider important to equally consider small cell enhancements for both existing cellular bands (that is our preference) and also higher frequency bands (as requested by other companies)

	Renesas Mobile Europe Ltd
	The need for new channel models for 3.5 GHz and higher frequencies needs investigation. 

	NEC
	we have the similar opinion as CATT which is the current text in the TR to target e.g. 3.5GHz is ok. The small cell enhancement should supported for both FDD and TDD.

	Panasonic
	We agree to the comment by CATT on the target bands, i.e. applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band. On the duplex mode, we agree to the comment by DOCOMO, i.e. we should support duplex irrespective of the combination of duplex modes between macro and small cells. We further agree to progress without further bandwidth extension.

	China Unicom
	Due to the small scope of the coverage, higher frequencies can be paid more attention. However, we think small cell should not be limited to specific frequency band. We prefer enhancements for small cell can be applicable in high and low frequency bands. For duplex mode, we are fine with "Small cell enhancement should be supported for both FDD and TDD".

	TEF
	Solutions should aim to be band-independent and as flexible as possible for different bandwidth and RAT (TDD FDD) configurations. 

	KDDI
	On the target bands for small cell deployments, we also agree with CATT and all that the sentence captured in section 6.2 of RP-121417. 

On the duplex mode for macro cell and small cell, we also agree with DOCOMO's sentence that Small cell enhancement should be supported for both FDD and TDD, and any combinations of duplex modes between macro and small cells can be studied. 

In addition, we agree with Huawei/DOCOMO that the aggregated Tx/Rx bandwidth should not exceed the 100MHz defined today, at least in Rel-12.

	MotMobility
	Proposals/study should be band-independent.

	LG
	We also think that current text in Sec 6.2 of RP-121417 is adequate and necessary channel modeling can be studied at WG level for high frequency bands such as 3.5Ghz. In terms of FDD/TDD support, we support the sentence proposed by NTT DOCOMO.

	Fujitsu
	We agree with Intel/CATT and others that the text on target bands in the TR is good. On the duplexing mode, we support the sentence suggested by DOCOMO and also that the aggregated tx/rx bandwidth should not exceed 100MHz.

	PANTECH
	We are fine with CATT’s opinion. Especially, the wider bandwidth to support high data rate could also be included in the small cell enhancement. With regard to the FDD and TDD, the small cell enhancement should be supported for both FDD and TDD. However, the combination of the FDD and TDD for the small cell and macro cell should be carefully studied to clarify the feasibility.

	MediaTek
	3.5GHz is one of the target bands, but small cell deployment over existing frequency bands is also important. It is unclear how much bandwidth will be available for operators over each frequency band in next few years, but we assume it is not necessary to define a new channel bandwidth.

	BRCM
	We agree with the many operators who support aggregate BW up to 100MHz.  We support investigating higher frequencies though we feel solutions should be band-agnostic. 

We agree with DOCOMO’s statement on duplexing: Small cell enhancement should be supported for both FDD and TDD, and any combinations of duplex modes between macro and small cells can be studied.


Summary:

30 companies participated in the discussion

· 17 companies agree with the sentence captured in section 6.2 of RP-121417, i.e. “Small cell enhancement should be applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band, to enjoy the more available spectrum and wider bandwidth.”
· 8 companies think the air interface and solutions should be band-independent, as usual.

· 5 companies think the aggregated bandwidth per small cell should be no more than 100 MHz, at least for Rel-12; and 2 companies think the total available bandwidth from a spectrum allocation perspective may be over 100MHz

· 7 companies suggest a more general description “Small cell enhancement should be supported for both FDD and TDD” should replace the last sentence captured in section 6.2 of RP-121417 i.e. “Small cell enhancement should be supported irrespective of duplex schemes (FDD/TDD) for the frequency bands for macro layer and small cell layer.”, while 12 other companies propose a more specific sentence “Small cell enhancement should be supported for both FDD and TDD, and any combinations of duplex modes between macro and small cells can be studied.”
· 1 company proposes to develop of propagation models and evaluation methodology appropriate for higher bands, including support for indoor and outdoor small cells, while 3 other companies think it is not clear that new channel models are needed for bands in 3.5GHz range. 1 company also points out that new channel models are needed for much higher frequencies.
Proposed way forward:

Keep the two sentences currently captured in section 6.2 of RP-121417, i.e. “Small cell enhancement should be applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band, to enjoy the more available spectrum and wider bandwidth” and “Small cell enhancement should be supported irrespective of duplex schemes (FDD/TDD) for the frequency bands for macro layer and small cell layer”.

Add two sentences “air interface and solutions should be band-independent” and “aggregated bandwidth per small cell should be no more than 100 MHz, at least for Rel-12” to the TR. Detailed discussion for channel models can take place in the subsequent study item on the physical layer enhancement.
4.3 [Small Cell] First batch of topics - Traffic:
3a.
Traffic load profiles (Uniform/non-uniform, change of traffic in small cells)

	Company
	Opinions

	CATT
	Traffic loads in different small cells at a particular time instance are expected to be non-uniform. Traffic load in one small cell is also expected to vary significantly in time. Detailed characteristics of traffic load profile may need further discussion during the study item phase. From evaluation purpose, the non-full buffer FTP model in TR36.814 may serve as a starting point.

	Huawei
	Our understanding is that the traffic load varies in time within each small cell, but also that the traffic load is un-evenly distributed among small cells. Optimizations for both kinds of variations should be part of the studies.

	ZTE
	Both uniform and non-uniform traffic should be studied for sure. However we have concern on evaluation complexity if we allow dynamic change of traffic profile because otherwise we are gonna spend too much time to identify all these details

	Nokia Siemens Networks and Nokia
	We think both non-uniform and uniform traffic including dynamic traffic models should be considered in the studies. The more detailed traffic model assumptions should be then agreed together with the rest of the simulation assumptions in WG level discussions.

	Qualcomm
	Agree with Nokia/NSN that more detailed traffic assumptions can be agreed during WG level discussions.

	China Telecom
	We think that the traffic profiles are non-uniform across time domain for one small cell, and different for different small cells. Besides non-full buffer, full buffer case can also be assumed in the study to simplify the evaluation and assess the performance limit.

	DOCOMO
	Same view as Huawei.

	Samsung
	We assume that the current text in the TR already captures the traffic load assumption sufficiently (it already indicates that the traffic load in a cell can be very much fluctuating, and also that the load in different cells can be very much fluctuating).

	AT&T
	Non-Uniform

	Texas Instruments
	We agree that traffic load is unevenly distributed across small cells. Although the traffic load varies across time within a small cell we are not sure that the variation would be that significant within a reasonable evaluation window. This aspect can be left to detailed discussions at the WG level.

	InterDigital
	We believe that Uniform and Non-Uniform traffic profiles should be considered as part of small cell studies.  Similarly to NSN/Nokia, traffic model details should be left to individual working groups when defining a performance evaluation framework for individual features. 

	CATR
	Traffic load for users and small cells will vary with time. The exactly traffic model for small cell may need further discussion.

	ALU
	Non-uniform and dynamic traffic profiles may be considered, but evaluation complexity should also be taken into account and it should be ensured that unnecessary complication is not introduced in cases where it does not impact the conclusions.

	CMCC
	Both uniform and non-uniform traffic load should be considered in small cell deployment. Furthermore, the traffic in each small cell could vary greatly in time. Current assumption for heterogeneous network deployment scenarios in 3GPP TR 36.814 and the related uniform and non-uniform user distributions could be the starting point for discussion. Modifications to the current assumption are possible if they are beneficial.

	Intel
	Agree with Samsung that the current text in the TR is adequate. The detailed traffic models can be discussed further during the respective physical layer and high layers SIs.

	Telecom Italia
	As a study Item, we prefer not to tighten too much the profiles, but to discuss them during the first phase of the work. However, from evaluation purpose, the non-full buffer FTP model in TR36.814 may serve as a starting point. Concerning traffic distribution we are ok to consider time and spatial traffic variations. We should find a good compromise between the possible traffic combinations and required simulation effort

	Renesas Mobile Europe Ltd.
	We assume that different cells can and will have different traffic load, which is already captured in the TR text. We agree with NNSN in that the practical cases of the traffic fluctuation will have to be studied in the later phase when the actual evaluation scenarios are going to be agreed.

	NEC
	Both uniform and non-uniform should be considered.

	Panasonic
	Non-uniform traffic load among small cells/macro cells should be taken into account. We agree with Samsung that the sentence about the traffic assumption in the TR is fine.

	China Unicom
	It is indeed that both uniform and non-uniform should be included in the SI/WI. Moreover, the scenario of traffic load varying should be considered, especially when the traffic load varies fast & largely in small cell.

	TEF
	It will be advisable to focus the WI on solutions flexible enough to take advantage of traffic load variations, adapting Radio Resources Usage on different layers to real requirements.

	KDDI
	Both uniform and non-uniform traffic should be studied. In addition, we have the same understanding of the traffic load as Huawei's that the traffic load varies in time within each small cell, and also that the traffic load is un-evenly distributed among small cells, so optimizations for both kinds of variations should be studied.

	LG
	We should take into account both uniform and non-uniform traffic load across small cells for this study. We also assume that traffic can dynamically vary in time in small cells. Details of traffic models can be performed in WG level discussions.

	DAC-UPC
	We would like to see a more realistic traffic mix approach, which takes into account the actual DL-UL asymmetry generated by streaming and other DL-centric applications; this means that for TDD the DL/UL subframes usage should be dynamically adapted to the small cell traffic, given the busty  cell activity, based on a fast X2 (over fiber or over air). The same realistic traffic mix should be applied also for FDD.

	Fujitsu
	We agree with Nokia/NSN that detailed traffic models/assumptions should be discussed as part of the SIs.

	PANTECH
	Traffic load in small cell could be different in time. Therefore, we agree that the traffic load profiles should follow the non-uniform condition in time within each small cell.

	MediaTek
	Generally agree with the comments by NSN. Traffic uniformity need to be jointly discussed with other effects (e.g. full/non-full buffer) to make a complete traffic model for small cell performance evaluation. This should be part of the evaluation methodology discussion in working group level.

	BRCM
	We agree with the non-uniform assumption but think further study is needed to determine whether and how to model time variation. Full and non-full buffer models should both be considered.


Summary:

28 companies participated in the discussion
-
11 companies’ preferences are to consider both uniform and non-uniform traffic load in time-domain and spatial-domain as well. 10 companies express their views to consider non-uniform distributed traffic load among small cells.
-
12 companies propose to consider detailed traffic models in WG level
-
3 companies think non-full buffer models can be the starting point, while 3 other companies suggest that both full and non-full buffer models should both be considered

· 4 companies propose to keep the current text in the TR
Proposed way forward:

Keep the current text which shows traffic load in a cell or in different cells can be very much fluctuating in the TR.

Both uniform and non-uniform traffic load distribution in time-domain and spatial-domain should be considered. 

Non-full buffer and full buffer traffic are included when non-full buffer traffic are prioritized to verify the practical cases. More detailed evaluation methodologies should be studied in working group level in subsequent physical layer and high layers SIs of small cell enhancement.

3b.
Synchronization between small cells and between small cells and (overlaid) macro cells

	Company
	Opinions

	CATT
	Our view is that the synchronized case shall have higher priority for small cell enhancements. For TDD, synchronized deployment is a natural choice and the relevant requirements have been specified for both macro-cell and some types of small cell nodes. In addition, several synchronization techniques already exist. For FDD, further discussion during the study/work item phase is needed on whether to mandate synchronized small cell deployments. And further discussion is needed on whether additional synchronization techniques need to be specified.

	Huawei
	A time synchronized deployment is beneficial and should be assumed within the small cell clusters for both TDD and FDD. If desired, we are fine to consider other cases for FDD as well.

	ZTE
	Synchronization between small cells or between small cell and macro cell is generally not required, unless it is needed to support specific cell operation, for instance: 
 CoMP between small cells or between small cell and macro cell 
small cells and overlaid macro cell run in TDD mode 
carrier aggregation between small cell and overlaid macro cell 
eICIC/feICIC are applied among small cells and overlaid macro cell

	Nokia Siemens Networks and Nokia
	We tend to agree with the view from ZTE here. In general is should possible to look at both cases, with and without synchronization during the study item phase. With the cluster deployment of TDD cells we assume time synchronization being the natural requirement, but with other cases it will more depend on the method under investigation. When macro cell layer is FDD network without features requiring tight synchronization, it would seem unrealistic that this macro network would be need to be changed to be tightly synchronized for deploying small cells on another frequency band.

	Ericsson
	We also tend to agree with ZTE here. For some deployments a synchronization is a natural requirement (depending on both the duplex scheme as well as functionality as indicated by ZTE). However, in general there is no requirement to synchronize network deployment, and we would like to avoid introducing a such a general requirement for small cell deployments.

	Qualcomm
	Synchronization is required for both FDD and TDD including for groups of cells deployed outside the macro coverage area. Unsynchronized FDD can be still supported without Rel-12 enhancements. Synchronization between cells should imply both subframe and SFN level synchronization.

	China Telecom
	Small cell enhancement may benefit from synchronized deployments with respect to cell coordination and cell search/measurements. However, considering the additional efforts and cost needed to synchronize the network, e.g., whatever based on GPS or PTN, we think both synchronized and asynchronized network should be considered in the study item phase.

	DOCOMO
	Synchronization between small cells and their overlaid macro cell should be considered for small cell deployment with macro-cell coverage. Benefits and required accuracy should be studied further.

	Samsung
	The case of synchronized deployments between small cells and between small/macro cells seems like a more reasonable deployment scenario, similar to HetNet and CoMP, and can be prioritized in the study. In cell search perspective, as the UE’s implementation of cell search in WCDMA and LTE has assumed no synchronization between cells and the cell search performance and complexity haven’t ever become an issue, the cell search may not be a strong motivator for assuming synchronization between small cells and between small/macro cells.

	AT&T
	Yes, through GPS for macros and outdoor small cells.  However, synchronization via GPS for Indoor small cells may not always be achievable.   Alternative solutions for synchronization of indoor small cells should be considered in the study.

	Texas Instruments
	We also agree with ZTE and Ericsson that synchronization should not be a general requirement but can be assumed for specific scenarios.

	InterDigital
	Although we should not assume that synchronization is available, we should not refrain from considering small cell enhancements that require synchronization.  The introduction of new means to achieve synchronization should be evaluated against the potential gains of a new small cell enhancement relying on synchronization.  This trade-off should be evaluated individually for each enhancement under consideration.  Moreover, it is important to distinguish between sub-frame and SFN-level synchronization, as the resulting complexity for these may differ.

	CATR
	For TDD, synchronization between small cells is a naturally choice. If macro cells and small cells work in different band, synchronization might be unnecessary. For FDD, synchronization is an additional requirement. The benefits and new techniques for synchronization needs further discussion.

	ALU
	We agree with the view expressed by many that for some deployments a synchronization is a natural requirement but in general there is no requirement to synchronize network deployment, and we would like to avoid introducing a such a general requirement for small cell deployments.

	CMCC
	We also consider the synchronization case should be given the higher priority; and non-synchronization case could be considered if needed.

	Intel
	Synchronization between macro and small cells and among small cells are required if there is a tighter coupling of operation among the cells, such as those listed by ZTE. In general, both synchronized and non-synchronized deployment scenarios can be considered and the two scenarios may lead to different possible enhancements.

	Telecom Italia
	We agree that synchronized case can be beneficial for interference coordination techniques on such deployment. Anyway the need of synchronization will depend on the enhancements proposed, on the related gains and on the cost of proposed solutions. Taking into account also indoor/outdoor deployment and the high number of small cells, also not synchronized deployment should be taken into account

	Renesas Mobile Europe Ltd
	For typical cases, the small cells could be assumed to be synchronized at least locally (i.e. with their neighbours; especially for TDD this would be the normal assumption). However, there could be clusters of small cells that have different synchronization offsets and studies would be necessary to ensure these cases will also function.

	NEC
	Similar to ZTE view that synchronization should be in general not required unless functions/features are identified that need synchronization.

	Panasonic
	We agree synchronization between macro and small cells and among small cells are given the higher priority without excluding the possibility to apply identified enhancements to non-synchronized operation if the scheme allows such operation.

	China Unicom
	The cost and complexity of small cell brought by synchronization should be evaluated, especially for FDD. We think both synchronized and non-synchronized cases should be considered in SI.

	TEF
	Time synchronization among layers will be beneficial for interference coordination in co-channel deployments (i.e.  ABS), but it could potentially make the backhaul implementation difficult, therefore some OTA synchronization procedure will be beneficial.

	KDDI
	We think synchronization between small cells and between small cells and (overlaid) macro cells cannot be assumed. For TDD, synchronization between small cells is a naturally choice, but for FDD, synchronization is an additional requirement, and so, taking it into account that both FDD and TDD duplex modes should be supported for macro cell and small cell (our view), we think synchronization between small cells and macro cells should not be assumed.

Consequently, our view is that synchronized case should not be given high priority.

	MotMobility
	We are agreeable to include techniques that require synchronized operation.

	LG
	We also think that synchronization among nodes should not be a requirement, but it can be assumed for a set of scenarios such as CoMP, TDD, and (f)eICIC cases. For CA between macro and small cells, our view is that both cases (synchronized and unsynchronized) can be considered. In terms of priority/focus, we think both cases can be treated with equal priority. 

	Fujitsu
	We also think that operation with synchronization is generally not required, unless it is needed to support specific cell operations, e.g. eICIC, inter-eNB COMP, etc.

	PANTECH
	Basically, we share the same view with ZTE. Though synchronized

small cells would show some benefits with some specific cell operations or

in some transmission mode, we do not find the necessity to restrict the

small cells to be synchronized.

	Vodafone
	Different kinds of backhaul may provide restrictions on what level of sync is possible, so should not rule out un-synchronised deployments.

	MediaTek
	The study prioritization being synchronized deployment seems fine, because this is a general requirement for TDD deployment. Certain synchronization technologies have been available, time should not be spent to study or develop new synchronization mechanisms unless really needed.

	BRCM
	We agree with ZTE and others.


Summary:

30 companies participated in the discussion

5 8 companies express the view that synchronized deployment should be prioritized, 

6 20 companies consider both synchronized and unsynchronized deployment cases should be treated equally
Proposed way forward:

Both synchronized and un-synchronized scenarios should be considered between small cells as well as between small cell and macro. For specific operations e.g. interference coordination, carrier aggregation and inter-eNB COMP, synchronization is prioritized in the study.

4.4 [Small Cell] First batch of topics - Backward compatibility & UE speeds:
4a.
How can legacy terminals work in the scenario?
	Company
	Opinions

	CATT
	Our view is that whether and how legacy terminals can work in a small cell depends on the enhanced techniques employed by the small cell. Hence, it is necessary to assess the backward compatibility for each small cell enhancement.

	Huawei
	Small cell deployments shall in principle be accessible for LTE UEs of earlier Releases. However, it is acceptable that UE’s of earlier Releases will not enjoy the full benefit of all small cell optimizations and may need to operate with a reduced performance on the small cell layer.

	ZTE
	We think small cell should be backward compatible so it is also beneficial for legacy UEs. The question itself sounds bit premature i.e. we can leave detail discussion on solution direction in study phase.

	Nokia Siemens Networks and Nokia
	Following the discussions on the approved New Carrier Type (NCT) work item, our understanding would be as follows: Small cell deployments using carriers without NCT elements should be accessible by legacy devices, though all benefits of the enhancements are not available for legacy devices. When Small cells are deployed on a carrier utilizing NCT, we expect that legacy devices will not be served on such a carrier.

	Qualcomm
	Backward compatibility is strongly desirable although mobility performance for legacy UEs is expected to be lower than for UEs supporting Rel-12 requirements.

	China Telecom
	From our point of view, the backward compatibility of small cells to support legacy UEs is important since effective traffic offloading from Macro to small cells is expected. In addition, it may be hard to recoup the investments on small cells if only a small number of UEs can access small cells. Regarding how can legacy UE work in the small cells, we can leave the detailed design in further study.

	DOCOMO
	Generally, we need to carefully study the tradeoff between gain & backward compatibility. However, when we look into the small cell deployment using new spectrum or higher frequency bands, backward compatibility is not so critical, and legacy terminals can be supported using overlaid macro cells. In our view, that is the main motivation to introduce a New Carrier Type (NCT) for small cell enhancements. Thus, outcomes from small cell enhancements related to physical channel/signal design should be reflected to NCT.

	Samsung
	The logical answer would be to either not use a non-backward compatible pico or to rely on macro coverage with backward compatible macro. As (very shortly) addressed by Motorola during the last RAN, introduction of a non-backward compatible stand-alone carrier is very close to/identical to introducing a new RAT Type. We are still quite unsure of whether this is a sensible way to go in Rel-12.

	AT&T
	We agree with the Qualcomm comment.   Additionally, capabilities such as NCT are key to enhancing Small Cell performance; however these may not ensure backward compatibility. As usual, a mechanism that allows operators to turn off some of these backward compatibility impacting capabilities is needed to enable continued service for legacy UEs (based on the operator's unique market needs), while still providing some degree of enhanced user experience (over current small cells).

	Texas Instruments
	Agree with Huawei that in principle small cells should be accessible to UEs of previous releases. But if NCT is deployed clearly it may not be backward compatible depending on the second phase of the NCT WI (RP-121415).

	InterDigital
	We agree with Nokia/NSN that legacy UEs should in principle have access to small cell deployments even if this implies such deployments may not be using the R12 NCT carrier. We think legacy UE’s can still somewhat benefit from other additional provisions introduced in support for Small Cells deployments. We think that legacy UE’s should not be expected to benefit from the R12 NCT design (both Phase I and Phase II) as this would limit the potential benefits of R12 NCT enhancements. Similar issues may arise for other R12 features (example dynamic TDD), and we think the backward compatibility aspects should be handled on a feature-by-feature basis.

	CATR
	For co-channel deployment, it might be a natural choice that legacy UE can access small cell. For separate band deployment, backward compatible might not be a problem

	ALU
	We agree with the views expressed by NSN & Nokia that Small cell deployments using carriers without NCT elements should be accessible by legacy devices, though all benefits of the enhancements are not available for legacy devices. Howevre, when Small cells are deployed on a carrier utilizing NCT, we expect that legacy devices will not be served on such a carrier.

	CMCC
	Backward compatibility should be considered in small cell enhancement, and non-backward compatibility should be justfied with sufficient benefits. For new spectrum backward compatibility may not be a serious problem.

	Telecom Italia
	We have opinion similar to Huawei: Small cells deployments shall be accessible for LTE UEs of earlier Releases. However, if UE’s of earlier Releases will not enjoy the full benefit of all small cell optimizations (or will be negatively impacted) depends on the particular proposed enhancements and should be analyzed during the SI phase. In this sense if NCT are needed for introducing small cells enhancements is not obvious at this stage and should be analyzed during the SI based on the proposed enhancements and related gains

	Renesas Mobile Europe Ltd
	We think that the macro deployments would likely be backward-compatible, but the small cell deployments might not be. The question depends on the actual used features: E.g. if NCT is going to be used in the small cells, naturally there will be no backward-compatibility for legacy UEs. We agree with NNSN & ALU in that the backward compatibility could be retained if NCT is not used, but legacy UEs might not behave optimally. However, we think this question is better answered during the study phase when the implications can be considered in more details.

	Panasonic
	Backward compatibility should be taken into account as the system, i.e. not per individual frequency or individual band. From this perspective, backward compatibility is strongly desirable. On the other hand, some band or some frequencies for small cell could be non-backward compatible with the help of macro cells where backward compatibility is ensured by individual frequency or individual band level.

	China Unicom
	Agree with Huawei

	TEF
	Small cells deployments preferably will not have any impact on UEs, in the sense that R-8 UEs should still work in new scenarios, even when more advanced UEs could take advantages of some new features.

	KDDI
	Small cell deployments shall in principle be accessible for LTE UEs of earlier Releases.

	MotMobility
	New small cell enhancement techniques not associated with standalone NCT should not bar legacy user operation (i.e. legacy UEs should be supported when in small cells, even if with some reduced performance gain).   

We of course agree with Samsung, that creating a new RAT which is what standalone NCT seems to  create, is not appropriate, especially without any discussion whatsoever on the benefits of creating this fragmentation with no established gains.

	LG
	If benefits are justified, the requirement of backward compatibility for small cell enhancements can be excluded. Namely, legacy terminals may be unable to access enhanced small cells. However, legacy terminals as well as new terminals (e.g. UE in Rel-12 or beyond) may operate with the network where the enhanced small cells are deployed. Hence, the impact to the legacy terminals on the frequency where small cells are deployed should be minimized.

	NEC
	we agree with NTT DOCOMO that we have to carefully study the trade-off between gain and backward compability.

	Fujitsu
	We think that for new spectrum/bands, small cell backwards compatibility should not be required, legacy UEs being served by backwards compatible cells (e.g. macro-cells on existing frequency bands). The small Cell may be accessible by legacy UE but it may not be able to take advantage of all the new small cell features. We think that interactions between small cells and legacy UEs should be carefully considered.

	PANTECH
	We think legacy terminals shall have the accessibility and enjoy the benefits of small cell with backward compatibility as much as possible to reduce burden of macro cells for serving legacy UEs.

	Vodafone
	Non-backwards compatible solutions can be studied, and could be applied if sufficient gain and/or in a new band.

	MediaTek
	Small cell should be able to serve the legacy UEs

	BRCM
	We prefer backward compatibility though some enhancements/features may not yield to being backward compatible. It should be possible to switch these features off so that legacy UEs can operate in small cells.


Summary:

27 companies participated in the discussion

· 14 companies expressed the views that backward compatibility should be maintained although legacy UE may not enjoy the full benefit of all small cell optimizations.
· 13 companies expressed the views that if sufficient benefits are justified (e.g. in the case that small cells are deployed on new spectrum or on a carrier utilizing NCT), the requirement of backward compatibility can be relaxed.

Proposed way forward:

Backwards compatibility, i.e. the possibility for legacy (pre-R12) UEs to access a small-cell node/carrier, is desirable for small cell deployments.

The introduction of non-backwards compatible features should be justified by sufficient gains.
4b.
The range of UE speed for indoor and outdoor
	Company
	Opinions

	CATT
	Our preference on the range of low UE speed is 0 – 10 km/h, and on the range of medium UE speed is 10 – 30 km/h. Our view is that small cell enhancement shall mainly target for low mobility UEs.

	Huawei
	Our view is that speeds up to 3 km/h and up to 30 km/h should be considered for the indoor and outdoor scenario respectively. 
The general focus for throughput enhancements should be low UE speeds (e.g. 3 km/h). 
For mobility enhancements moderate speeds such as 30 km/h should be considered (of course throughput is still an important indicator here for maintaining the QoS with mobility).

	ZTE
	We think range of low UE speed is 0~3 km/h and range of medium UE speed is 3~30km/h.

	Nokia Siemens Networks and Nokia
	We see the focus being in the small cell enhancements should be at low and moderate UE speeds.

	Qualcomm
	Indoor speeds of 3kmph are sufficient. Robust mobility performance for outdoor speeds of up to 60kmph should be supported.

	China Telecom
	We think range of low UE speed is 0 - 6 km/h and range of medium UE speed is 6 - 30km/h

	DOCOMO
	Generally, small cell enhancements can focus on low mobility, e.g., up to 10 km/h. Meanwhile, efficient mobility support is a strong point of the 3GPP radio interface, and benefits to support medium mobility (up to 50-60 km/h) should be investigated for outdoor dense deployments, e.g., small cells along the street. For outdoor scenario, moderate speeds such as 30 km/h should be studied. Furthermore, high mobility (e.g., > 80 km/h) should be studied to avoid the frequent handovers between small cells and between macro and small cells. It should be evaluated in the SI how much UE speed can be handled in the small cell enhancement.

	Samsung
	Focusing on low UE speed for indoor and up to medium UE speed for outdoor in the study seems reasonable. Since the network has to handle UE’s with all speeds, we assume the work should consider all UE speeds in this SID/WID. However it might well be so that for higher UE speeds it is not sensible to stimulate pico cell usage.

	AT&T
	Indoor = 0 to 5 km/h, Outdoor = 0 to 40 km/h

	Texas Instruments
	Optimize for 3kmph indoor and ~30kmph for outdoor.

	InterDigital
	The range of UE speed for small cell offload should be low speeds (0~3 km/h) for indoor deployments and low to medium speeds (0~30 km/h) for outdoor deployments.  As observed during the RAN2 SI on Mobility Enhancements in Heterogeneous Networks (3GPP TR 36.839), high mobility UEs infrequently handover to small cells and experience a short time of stay when they do.

	CATR
	0-15km/h is preferred for both indoor and outdoor. And we agree with CATT that small cell enhancement mainly target low mobility UEs.

	ALU
	In general up to 30km/h for small cells. Agree with Docomo w.r.t. handover in high mobility.

	CMCC
	For indoor case, 3km/h is enough; for outdoor case, no more than 30km/h could be considered for small cell.

	Intel
	Indoor: up to 3km/h; outdoor: up to 60 km/h should be considered to ensure robust mobility performance for UE moving through the cluster of small cells.

	Telecom Italia
	Our view is that small cells enhancement should mainly target for low mobility UEs (0-10 km/h) for indoor users should consider moderate speed (up to 30 km/h) for outdoor users

	Renesas Mobile Europe Ltd
	For indoor, we should only consider low UE speeds, from 0 - 5 km/h. For outdoor, medium UE speeds of up to 20 km/h could be supported. Higher UE speeds may be considered but since the legacy procedures will already support very high mobility speeds, it would be better to concentrate on low UE speeds in the first studies. 

	Panasonic
	For RAN1 type evaluation like capacity per unit area, typical user rate (50% CDF etc) and cell edge user rate, up to 10km/h would be adequate. For the mobility, the functionality to prevent high mobility UE including more than 80km/h to access to the low-speed-optimization cell but to be served by the backward compatible carrier. A proper selection of small cell/macro cell for UEs in the order of 30km/h is also important.

	China Unicom
	We can consider low mobility (0~3km/h) for indoor scenario and medium mobility (3~30km/h) for outdoor scenario.

	TEF
	UEs targeted for small cells are stationary (speed values lower than 3 km/h). In order to keep overhead low in higher speed scenarios (up to 50 km/h) in which multiple HO are foreseen, new solutions will need to be developed.

	KDDI
	Our view is that small cell enhancement should mainly target for low mobility UEs for both indoor and outdoor. We assume the speed of 'low mobility UE' is 3 km/h as an example, however, we think specific speeds may not need to be specified in the specifications.

	MotMobility
	We believe small cell enhancements should assume only stationary/pedestrian users i.e. speeds less than 10 km/hr. While techniques that address a wider range of speeds can be investigated, it is unlikely that they will show any increased benefits over what has been already been established through Rel-8-11.

	LG
	We think small cell enhancements can focus on 0-3km mobility for indoor and 0-30km mobility for outdoor cases. Yet, potential impact on high speed UEs by small cell enhancements should be considered in enhancement techniques.

	NEC
	for indoor focus on low speed range (0..3km/h), for outdoor medium speed range (e.g. 0..30km/h)

	Fujitsu
	For Indoor: low mobility 0-10km, outdoor: 0-30 km/h. Particular study may be required for speeds >30 km/h on maintaining QoS (e.g. by avoiding ping-pong HO between small and macro-cell).

	PANTECH
	Following is our assumption for the UE speed in the small cell

enhancement:

UE speed classification on the small cell enhancement: 

1) Low UE speed: 0 ~ 3km/h 

2) Medium UE speed: 3 ~ 30km/h

	MediaTek
	For throughput optimization (i.e. mainly for indoor scenario), low mobility UE should be the main focus. For mobility handling (i.e. also for outdoor scenario), moderate UE mobility should also be considered.


Summary:

27 companies participated in the discussion.

· The majority view for indoor/low UE speed is up to 3km/h (13 companies), and for outdoor/medium UE speed is up to 30km/h (16 companies). 10km/h for indoor is proposed by 6 companies, and several other speed grades are proposed by up to 2 companies

· 22 companies expressed the views that focusing on low UE speed for indoor and up to medium UE speed for outdoor in the study seems reasonable.
· 7 companies think that mobility enhancement for higher speed (50-80km/h) for the following different purposes should be considered:

· avoid frequent handover between small cells and between macro and small cells for high speed case and maintain QoS (e.g. by avoiding ping-pong HO between small and macro-cell)
· Prevent high mobility UE including more than 80km/h from accessing the low-speed-optimization cell but to be served by the backward compatible carrier.

· ensure robust mobility performance for UE moving through the cluster of small cells
· 5 companies expressed the views that small cell enhancement shall mainly target for low UE speed.
Proposed way forward:

UE speed for indoor (low speed) is 0~3 km/h, and for outdoor (medium speed) is up to 30km/h.

Small cell enhancement should focus on low UE speed for indoor and up to medium speed for outdoor. 

Benefits and necessity of mobility enhancements for higher speeds (e.g. 50-80km/h) is for further study.
Further discuss and identify requirements on mobility enhancements in the SI.
4c.
Performance metric (e.g. throughput, mobility/connectivity) for different UE speeds
	Company
	Opinions

	CATT
	Our view is that both throughput and mobility/connectivity shall be used as performance metric for both low and medium UE speed. The current text in section 6.1 under “Outdoor and indoor (UE speed)” of RP-121417 seems to indicate that for low speed UEs, throughput and mobility/connectivity shall be considered, and for medium UE speed, only mobility/connectivity shall be considered. It is necessary in our view to study the throughput performance for medium UE speed as well, since if there is no significant throughout gain achievable for medium speed UEs by allowing them to access small cells, then there is less motivation to consider mobility/connectivity for such medium speed UEs in small cell deployments.

	Huawei
	See our answer above.

	ZTE
	We think user throughput can be applied for both low speed UE and medium speed UE. For low speed UE mobility seems not a big issue. But mobility issue will be very important for medium speed UE. And it is not so clear what does connectivity really mean here. Can somebody clarify ?

	Nokia Siemens Networks and Nokia
	We see aspects like typical throughput, robust mobility, power efficiency and cell edge performance should be considered as key criteria in the evaluation of candidate enhancements for small cell operation.

	Qualcomm
	Quantitative metric to determine the fraction of users or traffic served by small cells is important. Service to QoS applications such as VoIP should be maintained.

	China Telecom
	In order to provide competitive benefit compared with existing access techniques, we also think that for small cell, UE throughput is important metric for both low speed UE and medium speed UE. In addition, the mobility performance should also be guaranteed, especially for UE with medium speed.

	DOCOMO
	For both low & medium mobility users, throughput gain is important, where the throughput gain includes offloading gain from macro cells. For medium mobility users, mobility performances in terms of UE battery saving and robustness is very important. In addition to this, NW energy saving also can be considered for the mobility among small cells.

	Samsung
	We agree with CATT that all the performance metrics, throughput and mobility/connectivity, should be importantly considered for both low and medium UE speeds.

	Texas Instruments
	Agree that throughput, mobility/connectivity are important metrics to evaluate.

	InterDigital
	We agree with NSN/Nokia’s point of view.  In addition, control and user plane latency should be considered as performance metrics for certain candidate small cell enhancements.

	CATR
	For low speed UEs, throughput gain might be considered first. For medium speed, mobility/connectivity should be used as performance metric mainly for handover between small cell and macro cell.

	ALU
	Throughput and mobility are both important.

	CMCC
	We agree with CATT

	Intel
	Both system throughput and user throughput are important metrics to be considered for low to medium UE speeds. For low UE speed, mobility performance in terms of ping-pong rate should be considered. For medium UE speed, mobility performance in terms of HOF/RLF, UE power saving should be considered.

	Telecom Italia
	We share CATT and ZTE comments on this point and hence we also prefer to analyse both user throughput and mobility/connectivity for both low and medium speed

	Renesas Mobile Europe Ltd.
	Both user performance (e.g. power consumption, throughput, SINR) metrics and system performance (e.g. mobility performance & robustness) metrics should be considered. For some scenarios, the mobility metrics might be less important if e.g. the small cells don't provide seamless mobility and there is no overlay macro available, but these can be considered on a case-by-case basis.

	Panasonic
	See our answer above on the performance metric for RAN1 type evaluation. In addition, as said by DOCOMO, UE battery saving, robustness on the mobility, NW energy saving aspects needs to be taken into account.

	China Unicom
	For low speed scenario, both the throughput and mobility/connectivity should be used to evaluate the performance. While for medium speed scenario, we can consider mobility/connectivity as the primary performance metric, throughput is also needed.

	TEF
	Area spectral efficiency increase, coverage increase and mobility are the targeted metrics. However detailed scenarios need to be developed in the WI, with different targets and reference levels.

	KDDI
	Our view is that the general focus for throughput enhancements should be low UE speeds (e.g. 3 km/h), and that for mobility/connectivity, middle UE speeds (e.g. 60 km/h) should also be considered in terms of handover.

	LG
	We think that some metrics related to mobility performance (such as ping-pong rate, hand-over failure rate) should be considered at least for medium/high speed UEs.

	NEC
	for both low speed (e.g. 0..3km/h) we well as medium speed (0..30km/h), throughput/mobility/connectivity can be used for performance metric.

	Fujitsu
	Both user and cell throughput metrics need to be considered for the small cell enhancements and other performance metrics including mobility performance, connectivity and UE energy saving aspects should also be considered.

	PANTECH
	We are fine with the throughput, mobility and connectivity as

performance metric. And we agree on the TR to include the user throughput

as performance metric in medium UE speed. Therefore, the user throughput

should be applied to both the low speed and medium speed UE as performance

metric to evaluate the small cell enhancement.

	Vodafone
	0-10km/h should be focus for improvements in dedicated and co-channel scenarios. But in co-channel scenario, faster moving UEs should not see a performance degradation due to presence of small cell.

	MediaTek
	Agree with the comments by CATT. The metrics used for HetNet mobility can be a good start point.


Summary:

25 companies participated in the discussion

· 20 companies expressed the views that both throughput and mobility/connectivity shall be used as performance metric for both low and medium mobility

· 4 companies expressed for medium/high mobility users, at least mobility performances should be evaluated , and among them:

· 1 companies think mobility performances is also important for low mobility

· 2 companies think throughput is also important for low mobility

· There are some other metrics proposed:

· Power efficiency (including network energy saving (6 companies).

· cell edge performance (4 companies) 

· (U/C plane) latency (1 company)

· RAN1 metrics (e.g. capacity per unit area, typical user rate) (1 company)

· Both user performance (e.g. power consumption, throughput, SINR) metrics and system performance (e.g. mobility performance & robustness) metrics.
· Spectral efficiency (1 company)

· The service to QoS applications (e.g. VoIP) (1 company).

Proposed way forward:

Both throughput and mobility/connectivity shall be used as performance metric for both low and medium mobility

It is for further discussion whether other metrics (e.g. power efficiency/cell edge performance) should be included in the SI or not.

4.5 [Small Cell] First batch of topics – CSG:
5a.
Is CSG/hybrid in the scope of the study? 

[Rapporteur’s note]: CSG/hybrid seems to be an independent topic which can be treated in other WI/SI e.g. further enhancements of HeNB.
	Company
	Opinions

	CATT
	CSG/hybrid (if anything needs to be done) shall be studied in a separate study/work item, preferably after the general work on Rel-12 small cell enhancements.

	Huawei
	We are fine with the current Rapporteur’s note.

	Qualcomm
	We agree with the Rapporteur’s note.

	China Telecom
	We think that CSG and hybrid access cell can be treated in other WI/SIs.

	DOCOMO
	Agree with CATT’s view. The small cell study should focus on the scenario that small cells are accessible to all Rel-12 UEs.

	Samsung
	We assume the SID/WID should focus on open cell deployments. However since many mechanisms are similar, closed CSG and especially hybrid CSG deployments may also benefit.

	AT&T
	The study should take CSG and hybrid cells into consideration as the enhancements are being developed.  CSG/hybrid configurations are expected to be required for a high percentage of enterprise premise applications. CSG may also be utilized for consumer/residential applications in order to enhance layer management.

	InterDigital
	CSG/hybrid cells should be handled in other HeNB specific WI/SI.

	CATR
	agree with Rapporteur’s note.

	ALU
	The main focus can be on open access, but of course some enhancements are agnostic to the access mode and can benefit CSG cells as well.

	CMCC
	Agree that CSG/hybrid could be considered in separate study/work items. Technologies developed in those SI/WIs may also apply to small cells with proper implementation.

	Intel
	Agree with Rapporteur’s note and CATT view. Small cell enhancements should focus on open access deployment. Further enhancements for closed or hybrid access can be considered after the general small cell work is completed.

	Telecom Italia
	We also think CSG/hybrid can be treated in other WI/SI,in case they refer to nodes installed directly by the customer. Whereas, the operator deployed CSG/hybrid cell should be within the scope of the study item, since we can have similar control capability as for other small-cells deployments

	NEC
	agree with Rapporteur’s note that CSG/Hybrid can be treated in other WI/SI.

	Panasonic
	Agree with Rapporteur's note, i.e. independent topic.

	China Unicom
	CSG/hybrid is currently being investigated in other WI/SIs, and the proposed solution can be reused directly. Thus there is no need to include it in this study.

	TEF
	CSG/Hybrid are one of the most difficult scenarios for co-channel scenarios, and it will be useful for operators to include them on the WI, since some of the solutions need to be adapted to solve current problems in this scenario.

	KDDI
	The Small Cell Enhancement should take CSG and hybrid cells into consideration, however, it can be treated in other WI/SIs.

	MotMobility
	CSG/hybrid applicability can be studied separately.

	DT
	Agree with Rapporteur´s note.

	LG
	A certain enhancement for small cell could also apply for CSG cells/hybrid cells. However, if necessary, we like to treat CSG/hybrid in a separate WI/SI. We could treat CSG/hybrid feature for small cells under a new separate WI just after the study of small cells.

	PANTECH
	Most CSG issues have already treated as CSG working items in RAN WGs. For example, most of the discussion on CSG mobility has already treated in the RAN2 and RAN3 working items. Therefore, we think that it is better to keep discussing other CSG issues or enhancement in the CSG related working items.

	Vodafone
	Open access should be the focus, but obviously if open access features can also be applied to CSG then this we should not prevent that.

	MediaTek
	Agree with editor’s note


Summary:

23 companies participated in the discussion

· 20 companies agree with the Editor’s note that CSG/hybrid is an independent topic which can be treated in other WI/SI
· 3 companies propose that the study should take CSG and hybrid cells into consideration, and 1 of them are OK to treat them in other WI/SI

· 1 company think user-deployed CSG/hybrid can be treated in other WI/SI, while the operator deployed CSG/hybrid cell should be within the scope of the study item
Proposed way forward:

Stick to the Editor’s note that CSG/hybrid is an independent topic which can be treated in other WI/SI. Solutions agnostic to CSG/hybrid or open access can be also applied to CSG/hybrid.
4.6 [Small Cell] First batch of topics - fundamentals of requirements

6a.
For peak data rate and spectrum efficiency/user throughput, shall quantitative requirements (e.g. numeric value of peak data rate) be defined, or qualitative requirements (wording like “peak data rate should be substantially improved”) is sufficient? The following alternatives are listed for selection:
a) The peak data rate for DL/UL shall reach [xxxx]/[yyyy] Mbps, and spectrum efficiency for DL/UL shall reach [xx]/[yy] bps/Hz
b) The peak data rate/ spectrum efficiency shall exceed or at least be comparable with the peak data rate of [IEEE 802.11ac] technology for the same system configuration (bandwidth, number of antennas .etc.)
c) The peak data rate/ spectrum efficiency of small cell enhancements shall have a [50%] increase compared with Rel-11 technology
	Company
	Opinions

	Ericsson
	We believe peak data rates are not a very relevant performance/capability measure as it does not say anything on when/where such data rates should be achievable (if ever). Also, note that peak data rate is a (numerical) property of the radio-access technology as such, not related to a certain usage scenario. Thus, it does not really make sense to talk about "peak-data rates for the small-cell scenario". In our opinion the current LTE peak data rates (3 Gbps / 30 bps/Hz) are sufficient.

It is more important to focus on achievable data rates, i.e. data rates that can truly be achieved in different scenarios. However, we also believe that this makes it difficult to state specific targets as what will be achievable will, obviously, very much depend on the exact scenario. Also, note that measures such a 5% user throughput becomes somewhat problematic in e.g. a sparse local-area deployment as more than 5% of the users may very well not even be within the range of a local-area node and thus gain very little from its presence.

Thus, we would recommend that we rather take a more pragmatic approach and simply state that we should focus on enhancements on achievable user and system throughput without having an explicit numerical target value.

To address ZTE’s question: “But we also intend to think requirement on user throughput maybe still make sense. The main motivation to introduce small cell is to improve cell capacity. So if no detail requirement is defined, how can we say we did the job?”, I think we all agree that the proposed enhancements should be justified by showing gains exceeding the additional complexity. This is normally done by the proponents of the different technical solutions, and the following 3GPP discussion should be sufficient evidence of “doing the job” (of e.g. enhancing system capacity). However, at this point of time, it’s not really possible to decide a reasonable performance metric (say e.g. 5th percentile of the user throughput) let alone decide a value for it (say e.g. 3.7 Mbps). Rather than initiating a lengthy campaign to determine the correct metric and the right target value for it, it’s probably more fruitful to move the discussion directly to the proposed enhancements?

	Deutsche Telekom
	We support the Ericsson view.

	CATT
	Agree with Ericsson’s view

	Nokia Siemens Networks & Nokia
	We also see that going to absolute peak rate numbers does not necessary result to going to most useful direction with the enhancements, so from our point of view setting an absolute peak rate requirement is not needed. Regarding the achievable average capacity defining now an absolute requirement seems also challenging as the detailed scenarios are also missing, so we would agree that at this point in time we would not aim to define numbers for the achievable average capacity.

	Huawei
	We agree that the specific numbers for peak rate and spectrum efficiency targets for high terminal categories, e.g. with 8-layer MIMO, are not very relevant in practice. The small cell enhancements should focus on the performance of typical form of factor terminals and coverage scenarios. 
Therefore, we should state that significant enhancement for both the achievable link and system spectrum efficiency are targeted for the typical scenarios (e.g. short cell range and good geometry due to improved interference coordination) and typical UE configurations (like form factor, number of RF chains etc.)

	ZTE
	In general we also support not to define detail requirement on peak data rate. But we also intend to think requirement on user throughput maybe still make sense. The main motivation to introduce small cell is to improve cell capacity. So if no detail requirement is defined, how can we say we did the job?

	Qualcomm
	There should be no requirement on peak data rate increase, only on supported capacity with given density of small cells.

	China Telecom
	We think that at current stage, it is a little bit difficult to define certain numerical target for the performance improvement with small cell enhancement, since it relates to a lot of issues including scenarios and assumptions, as well as how much time we can have for this investigation.

	DOCOMO
	Agree with Ericsson’s view. Study on adequate performance metrics will be required, considering candidates such as capacity per unit area (bps/km2), typical user rate (e.g., 50% CDF or geometric average).

	DAC-UPC
	We support Qualcomm’ view, with the addition that the capacity should be also defined on a given (simulated) area.

	Samsung
	We agree with the views from the other companies. Qualitative requirements seem more reasonable and sufficient. Also, we presume that peak data rate increase is not what is quite pursued in the small cell enhancements SIs, and requirements on user throughput and spectrum efficiency would be more important

	AT&T
	We expect equivalent peak data rates and spectral efficiency on small cells as on macro cells in order to deliver a consistent user experience across the network.  While backhaul for small cells may have a smaller bandwidth, we anticipate a smaller number of users per small cell relative to macro cells

	Texas Instruments
	We agree with the views from Ericsson and Nokia/NSN.

	InterDigital
	We do not believe that specific performance targets should be defined at this stage.  Specific targets are dependent on the various scenarios being considered and the baseline that is used for comparison.  Moreover, peak DL/UL data rates are not very relevant for small cell offloading – greater importance should be placed on achievable rates and cell spectrum efficiency.

	CATR
	We agree Ericsson’s view. However, if higher order modulation or other techniques can bring higher peak-data rate and achievable user/system throughput, it might also be fine.

	ALU
	We agree with Ericsson et al to focus on enhancements on achievable user and system throughput without having an explicit numerical target value.

	CMCC
	We agree with the views from the majority companies that qualitative description may be sufficient and requirements on user throughput and spectrum efficiency would be more important

	Intel
	Agree with the view expressed from other companies that it would be difficult to define quantitative requirements at this point. Performance metrics to be considered during study phase include capacity per unit area, average user throughput, mobility performance.

	Telecom Italia
	We support ZTE view: the requirements on peak data rate are not very relevant, but a way to understand the capacity gain obtainable with the introduction of small cell enhancements is needed. A possible requirement can be defined as the percentage of gain on the average/cell edge/median user throughput of Rel-12 scenario with small cells respect a reference Rel-11 scenario. It should be important in this sense to define also the R-11 reference scenario (in terms of macro and deployed pico cells). One possibility is to consider as R-11 reference scenario one of network layouts used for Rel-11 HetNet (i.e. scenario 1 or 2 or 3 described in 36.819). Anyway it would important to compare the performance of small cell enhancements and R-11 in the same network layout. In this sense one option could be the introduction of fairness indexes (like for example Jain Index), used to compare the same scenario with and without small cell enhancements. Note that in our view an increase of the fairness index is much more important than an increase of the peak data rate.

	Renesas Mobile Europe Ltd
	We also agree that setting explicit peak data rate and spectrum efficiency targets should not be set at this point.

	NEC
	Basically we think that there is no need to define the detail numerical requirement of the peak rate as the main purpose is to improve the capability.

	Panasonic
	We also agree that qualitative requirements are adequate.

	China Unicom
	Agree with Ericsson.

	TEF
	Agree with Ericsson view.

	KDDI
	We also support Ericsson's view.

	MotMobility
	We agree with other companies that peak data rate improvement need not be a metric. We believe that there should be quantitative requirements on improvement achieved by new techniques for small cells in comparison to techniques available until Rel-11. Having such requirements will ensure that only those techniques that show some promise/gain compared to Rel-8/9/10/11 are specified during any resulting WI phase. Metrics related to avg and cell edge user throughput, and energy savings etc. can be used for establishing requirements.

	LG
	We also think that it is not adequate to specify target peak data rate and/or spectral efficiency at this moment without candidate solutions identified. Further discussion on evaluation methodology/metrics should be discussed at WG level. Some of potential performance metrics include network deployment and management cost, mobility performance (such as hand-over failure rate), and energy saving rate.

	PANTECH
	Basically, our understanding is align with the ZTE’s view on this. We also think that the qualitative requirement is enough. However, some guidance could be considered to make clear for our understanding on the requirement. Therefore, we can propose the following description as one of the example to explain our view. ”User experience shall exceed or at least be comparable with the [IEEE 802.11ac] technology.”

	MediaTek
	Small cell deployment is mainly for system capacity boosting, the performance metric need to properly reflect this aspect. Having qualitative requirements seems reasonable at this stage, maybe it is the time to start discussing the possible evaluation methodology requirements.

	DAC-UPC
	We support the views that the requirements should include the area capacity gain relative to a previous release taken as base line; as in real deployments will be a mix of UEs compatible with different releases, we suggest taking Rel.10 as base line. Given the spectrum cost and availability problem, which is not the case for 802.11, we do not think that we should compete with 802.11 on peak capacities.

	BRCM
	We agree that peak data rate is a not a sufficiently meaningful metric. Metrics like average throughput (per area, per small cell), coverage, and metrics related to mobility performance are more relevant. We prefer to proceed the SI with these metrics in mind and to refine the metrics once the use cases are clearly defined.


Summary:

31 companies participated in the discussion

· 28 companies agree that quantitative requirements are not needed for peak data rate, and 1 company propose to focus on typical form factor terminals instead of high terminal categories, e.g. with 8-layer MIMO.
· 31 companies agree it is more important to improve cell capacity i.e. user throughput and spectrum efficiency. 8 companies propose that quantitative requirements are needed e.g. improvement achieved by new techniques in comparison to what is achievable until Rel-10 or Rel-11, or supported capacity with given density of small cells; while other 18 companies prefer a more pragmatic approach to simply state that we should focus on enhancements on achievable user and system throughput without having an explicit numerical target value.

Proposed way forward:

No quantitative requirements are specified for peak data rate, and capture sentences similar to “The enhancements shall focus on cell capacity i.e. achievable user throughput and system throughput. Performance metrics including improvements in comparison to Rel-11, supported capacity with given density of small cells, capacity per unit area (bps/km2) and typical user rate (e.g., 50% CDF or geometric average) can be used for further evaluation” in the TR.

Numerical target values for system throughput/spectrum efficiency can be identified during the succeeding SI phase.
