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1
Introduction
Email discussions took place between RAN1#56 and RAN1#56bis for CoMP aspects. The discussions focused on DL CoMP operation, although some comments were made for UL CoMP operation too. 
The following is a list of items that was covered by the discussions

· CoMP terminology alignment 

· Disparity in CoMP performance advantage across different companies

· CoMP Feedback high level details: 

· What needs to be fedback for an efficienty CoMP operation

· 
How do we foresee UEs feedback this information to network? (through serving cell or individual reports to different cells)

· Views on container of CoMP feedback information: current PUCCH payload size large enough? 

· High level views on DL overhead incurred from CoMP operation

· Other 

· ITU evaluation related

· UL CoMP related
2 
Discussion
2.1
CoMP Terminology

LGE, Huawei and CATT provided ppt presentations with terminology details.
The following table summrizes the expressed views on CoMP terminlogy. 

	Company
	Comment

	Nokia/NSN
	It is a good point to align our terminology so that we are on the same page when discussing CoMP. At this point, it would be OK for us to take only the following two assumptions:
- CoMP Reporting Set (set of CSI RS ports) determined by the network and notified to UE(s). Set determination with UE(s) assistance.
- CoMP Active Set (set of transmission point(s) serving a particular UE, by which actual CoMP transmission is performed) : determined by network with the help from the UE(s) and can be different for different UE(s) 

	Alcatel-Lucent
	On the COMP terminology alignment regarding FCS we first propose to use instead the name "dynamic cell selection" to differentiate from previous use of FCS. Then we agree that "dynamic cell selection" should be in the JP category. So the definition of LG "Definition of JP should be based on whether data is available at each point/cell not by the actual transmission itself. JP is the case where data is available at each cell/point and CS is the case where data is only available at the anchor cell/point."     seems a good aproach

	Texas Instruments
	We are also fine with defining the Reporting and Active Set. Meanwhile, the additional definition of CoMP Measurement Set (as pointed out by various companies) is worth to be discussed.

	Motorola
	We are not so keen on terminologies than getting a clear understanding of operation to the detail level that we can align simulation results. In R1-091341, we described the operation around three terms defined there: “Candidate cell set”, “Enhanced feedback cell set”, and “Coordinated transmission cell set”. Please see detailed explanation there.

	CATT
	Regarding measurement/reporting cell set definition, from our perspective, only reporting cell for CQI/PMI/RI measurement and feedback is needed and necessary. eNB can be configured to broadcast the neighbor cell list over the cells. Although it is not mandatory for LTE, there may not be obvious obstacle to make it mandatory for LTE-A eNB supporting CoMP transmission. Otherwise, we also may consider UE-self measurement. Therefore, measurement cell set seems not necessary to be defined. Our proposal on this point is as following:
- CoMP Reporting Cell Set (CRS)
     - For UE to measure/report CQI/PMI/RI etc
     - UE-specific semi-statically configured
     - Determined by network with assistance of UE
     - UE is informed by network
Another point we would like to clarify is that reporting cell sets from various UEs can overlap each other and they are not fixed-size sets predefined by network.
[CATT provided a ppt presentation with more details]

	LGE
	Regarding the MOT’s terms, I think we’ve already almost aligned with MOT’s set definition, i.e. candidate cell set =CMCS or CRCS in LGE’s proposal, Enhanced feedback cell set = CCPS, Coordinated transmission cell set = CATS. The remaining issue seems to be in the abbreviation
[LGE provided a ppt presentation with more details]

	Huawei
	We agree with Moto that a clear and common understanding on the different CoMP areas is more important. To distinguish the different areas in a CoMP operation, R1-091265 lists:
-  CMCS (=RSRP measure are in R8); As Erik said, it might be the same for non-CoMP users. Listing CMCS here is just to tell that CRCS differs from CMCS.
- CRCS = CCPS = LGE's CRCS = Moto's candidate cell set), 
-  CACS = LGE's CATS = coordinated transmission cell set.  Erik prefers "point" to "cell".
 We are not stick to the abbreviations. It'd be good to align the terminologies for the convenience of the further discussion.
Regarding the category, it seems a good ideato redefine the JP and CS depending on whether data is available at each point/cell not by the actual transmission point/cell. Then fast cell selection can be put under the umbrella of the joint precssion.
[Huawei provided a ppt presentation with more details]

	Qualcomm
	Agree w/ NNSN … although (since we are talking about terminology here) I feel that “CoMP serving set” would be a less confusing alternative to “CoMP active set” given its meaning

	Ericsson
	[Long email from Erik]

	Fujitsu
	We agree. It is good idea to make an alignment for CoMP terminologies

	Samsung
	We think it make sense to have some alignment of terminology on measurement set, reporting set and active set, etc.

	ETRI
	We are fine with the definitions of CoMP Active Set and CoMP Reporting Set.  Need further discussion on whether we need a measurement set specific to CoMP.

	Panasonic
	We agree to have the common terminologies. For the CoMP reporting set, we agree to further study the possibility to have the down-selection by UE.

	Nortel
	A clear definition of measurement (CMCS), reporting (CRCS) and active cell sets (CACS) would be necessary to avoid confusions. If CMCS is the set of cells whose received power is measured by the UE and that set includes the anchor cell, then CRCS will be a subset of CMCS. Also CACS is a subset of CRCS. Our related contribution is: R1-091377.

	InterDigital
	We agree with NSN.

	ZTE
	We think that CRCS and CoMP active set need to be clearly defined.

	I2R
	The “transmission set” and “reporting set” can be static, quasi-static, or dynamic depending on how frequent the sets are updated. The updating frequency (one or a number of sub-frames, slots, frames?) should be specified


From all the discussions and ppt presentation provided, at high level, we can summarize the CoMP related notation as follows: 
General terminology:

· Anchor cell: Cell transmitting PDCCH assignments (a single cell). This is the serving cell of Rel-8 (concept that already exists).
CoMP categories:
· Joint Processing (JP): data is available at each point in CoMP cooperating set (definition below)

· Joint Transmission: PDSCH transmission from multiple points (entire CoMP cooperating set) at a time 

· Dynamic cell seletion: PDSCH transmission from one point at a time (within CoMP cooperating set)  

· Coordinated Scheduling/Beamforming (CS/CB): data is only available at anchor cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set.

CoMP sets:

· CoMP cooperating set
· Set of (geographically separated)points directly or indirectly participating in PDSCH transmission to UE. Note that this set may or need not be transparent to the UE. 
· CoMP transmission point(s): point or set of points actively transmitting PDSCH to UE
· CoMP transmission point(s) is a subset of the CoMP cooperating set

· For Joint transmission, the CoMP transmission points are the points in the CoMP transmission set 

· For Dynamic cell selection, a single point is the transmission point at every subframe. This transmission point can change dynamically within the CoMP cooperating set.  
· For Coordinated scheduling/beamforming, the CoMP transmission point corresponds to  the “serving cell”
· CoMP reporting set: set of cells about which channel state/statistical information related to their link to the UE is reported
· The CoMP reporting set may be the same as the CoMP cooperating set

· The actual UE reports may down-select cells for which actual feedback information is transmitted
In addition, we have: 
· Measurement set: in support of RRM measuremets (already in Rel-8) and therefore not CoMP specific
Proposal: Agree on the definitions in the above bullet points. Note that this terminology agreement is meant to faciliate discussions for different CoMP proposals without implying any specification impact. The specification impact of the CoMP sets needs to be revisited and decided in the WI phase. 
2.2
CoMP Performance Advantages

The following table summrizes the expressed views in relation to a big disparity in performance advantage associated to DL CoMP operation:
	Company
	Comment

	Sharp
	It would help to agree on a common set of metrics and evaluation methods

	Alcatel-Lucent
	We think having system simulations with cooperating schedulers is a change of previous paradigm of system simulations and a lot has to be aligned. Further we also need to take into account different backhaul costs when evaluating system performance. Not all algorithms are in the same class

	Motorola
	Scheduler algorithm such as transmission cell set determination (based on feedback assumption of course) is a very critical issue in our view based on the study so far.  As we pointed out in R1-091341, since the decision making is intertwined among cells or cell groups, which is quite a different paradigm indeed. Any effort to try to align these assumption/algorithm for simulation is fully supported by us.

	LGE
	We agree with MOT especially regarding the CoMP scheduling issue regardless of whether it is specified or not in the specification. In addition to CoMP among cells, we can also think CoMP operation between eNB-RN-UE and eNB-UE in which Relay node may not be even Type1 (L3) relay. As described in WF in last meeting, other types of relay should be considered if their feasibility is proven. Anyway, our thought is that possible impacts should be taken into account at this initial discussion stage

	Huawei
	There were quite various DL CoMP solutions evaluated by different companies in the past meetings. Those solutions differ in quite many issues, e.g.:
-  network topology (secterization beam direction, etc.), 
-  limit on the CoMP active cell set (fixed cell cluster or UE-specific cell selection), dynamic or semi-static cell selection
-  whether data is available at each point/cell not by the actual transmission point/cell (the new concept of JP and CS proposed by SoonYil)
-  scheduler algorithms (MU-MIMO or SU-MIMO), 
-  precoding/beamforming weights freedom (freely joint beamforming, phase shifting, non-coherent macro diversity, etc.), 
-  knowledge of channel state information (frequency-domain & time-domain granularity, quantized or anologue, etc.), ....
To prepare for the ITU-submission, it's quite important to agree on the CoMP categories as soon as possible, and provide the CoMP evaluations for at least one solution for Joint transmission and one solution for Coordinated scheduling.

	Fujitsu
	Firstly, simulation assumptions/algorithm such as scheduler, involved maximum number of CoMP cells, and CoMP channel resource assignment could heavily impact the CoMP performance. Therefore, a baseline simulation assumption/algorithm should be determined for CoMP performance evaluation.
Secondly, output plots for CoMP should be especially determined as well. For instance, SINR experienced by CoMP UE is better to be plotted in order to judge the simulation accuracy. Only showing sector throughput and cell coverage is hard to convince other companies. We suggest having the baseline output plots for CoMP system level simulation evaluation
- Sector throughput and cell coverage
- CDF of UE throughput
- CDF of geometry for CoMP UE vs. CDF of geometry for the same UE of baseline (show CoMP geometry gain)
- CDF of SINR for CoMP UE vs. CDF of SINR for the same UE of baseline (show CoMP SINR gain)
- CDF of SINR for non CoMP UE vs. CDF of SINR for the same UE of baseline (show frequency diversity gain or loss)

	Samsung
	We share the similar views that the some system configuration for CoMP  evaluation should be agreed on. These configuration should include common system configuration between JP and CB and individual configurations (for JP, we need to consider whether we should evaluate CoMP MU-MIMO or CoMP SU-MIMO; what is the right assumption of feedback on CSI, etc).

	ETRI
	Different simulation condition is a source of discrepancy between the results. Scheduler assumption needs to be clarified and aligned, particularly depending on whether multi-cell cooperation involves inter-eNB cooperation or intra-eNB operations. In the case of inter-eNB cooperation, we need aligned assumptions regarding delay and “allowable” traffic overhead over X2 interface.

	Panasonic
	We agree the scheduler algorithm causes the difference of the results. We agree Juan's summary.

	Nortel
	We should agree on certain CoMP configurations/technologies.  However, the selection should be based on the comparison of the performance. Specifically, the performance data can be summarized for different CoMP configuration, listing the discrepancies in simulation assumptions.

	Orange
	There is another point that in our view is important to consider in the CoMP evaluation, in addition to the backhaul requirements: the time synchronization requirements.
The reason is that time synchronization may be achieved via transport network solutions in the future, where meeting different levels of synchronization may lead to different costs for operators. Therefore, the time synchronization requirements (in microseconds) of the different CoMP methods would be helpful to establish a cost/performance classification of the methods. Obviously, if the cost necessary to obtain tight synchronisation is high compared to the achieved performance benefits, methods requiring a looser synchronization would be preferred for deployment

	ZTE
	We agree that in addition to average cell throughput and cell edge throughput, several other output metrics should be provided to better understand CoMP performance and cross-check the simulation results from different companies.

	L2R
	Simulation setups and performance metrics etc should be elaborated for CoMP evaluation. It would be great if a few typical scenarios/configurations could be agreed upon in LTE-A for others to follow.


In order to understand each other results it is important to clearly provide the assumptions for the evaluations. 
Proposal: Performance evaluations should provide details related to:

· Cooperating scheduler
· Backhaul requirements

· Time synchronization requirements

· Transmission modes: 

· MU-MIMO and/or SU-MIMO operation in conjunction with CoMP

· Selection of transmission mode

· Clustering of cells: fixed vs. adaptive clusters, size of cluster…

For performance metrics accompanying evaluations, the Annex A of the LTE-A TR 36.814 provides some guidelines for system evaluations. If more information is deemed to be necessary, the TR should be updated. 
2.3
CoMP Feedback

The following table summrizes the expressed views on “what needs to be fedback” for an efficient CoMP operation 

	Company
	Comment

	Sharp
	Decisions regarding COMP configurations should be signaled on the network and should be minimized. Rel 8. feedback mechanism and DL signaling should be set as the baseline for DL JP CoMP. The exact amount of feedback should be the minimal amount that yields the required capacity/throughput as agreed by RAN1. It should be noted that different JP CoMP schemes involve different feedback overheads. Therefore, schemes with additional overhead should not be precluded at this stage if they could be justified by considerable performance gain

	Nokia/NSN
	We see two main approaches on the table PMI-based and feedback reflecting the radio channel CSI (channel quantization is one example) that can be considered. Following the decision about the use of the DRS for CoMP PDSCH demodulation and no need for a CoMP codebook at the TX side, we believe that the UL feedback should also support flexible precoding. Our initial preference is that the reporting should be according to the second approach mentioned above. On the other hand PMI can be understood anyway as some form of coarse quantization of the channel.

	Alcatel-Lucent
	We have a contribution R1-091252 analysing the feedback amount for COMP for the CoSched approach. Please see the details there. Regarding  an improvement of the feedback we also propose downloadable codebooks which is applicable for COMP, too see R1-091306

	Texas-Instruments
	In our opinion feedback is essentially to inform eNB about the channel condition and to assist eNB in determining the downlink transmission format in a closed-loop manner. As mentioned by different companies two options exist
- Direct channel feedback: exact channel (e.g., large & small scale fading, correlation, direction, etc) is reported, quantization is done in the subspace of channel.
- Transmission format feedback:  recommended transmission format (e.g. CQI/RI/PMI) is reported which is more in-line with Rel-8 feedback paradigm. 
Since different CoMP schemes are envisioned at this stage, the exact feedback scheme/content may very well depend on the CoMP method, and have pros/cons in terms of performance and overhead. Currently it is unclear what CoMP scheme we will eventually support in the specification. Hence, our preference is to keep both feedback options open in the SI phase. In addition, a high level discussion in terms of overhead & testability of feedback is recommended when comparing different CoMP approaches.  

	Motorola
	We had reported before significant gain with knowledge of a transmit spatial correlation for both single-point MU-MIMO and CoMP. Spatial correlation matrix can be deemed as a "compressed" channel state information over any given band, or an "averaged" spatial information. For precoding purposes, it is as good as CSI but more condense for lower feedback overhead. So we propose spatial covariance feedback (SCF). Two means of feedback are analyzed in R1-091342, namely a direct coefficient feedback (i.e., "unquantized transmission" as relatively well known in academia) and a "generalized" quantization approach with entry-wise quantization as a special case

	CATT
	For CQI feedback, there are three main manners: integrated, individual and mixed which we have detailed in our contribution 091520. Advantages of integrated feedback are its low overhead and accurate actual transmission channel information, but the numbers of cells in reporting cell set and the cells participating transmission expect to be the same. Mixed feedback may also be a preference due to its better tradeoff between performance and feedback overhead. 
Regarding PMI-based and radio channel CSI feedback, my concern is on related CSI feedback’s overhead in both DL and UL. For TDD, channel reciprocity can achieve the channel information and schemes such as global precoding can be applied. For FDD, PMI feedback with low overhead is still possible. No doubt, accurate channel state information can help for better performance. But firstly how can we achieve it? We have to consider whether we need any more new design, such as CSI/quantized CSI feedback and RS for CSI feedback. Again, if evaluated performance with low overhead PMI feedback or no PMI feedback can achieve ITU requirement, do we still need to go for such a complicated scheme and suffer heavy burden of overhead?

	LGE
	We don’t have strong opinion. However, in direct channel feedback (DCF) approach, how much performance gain over increased feedback overhead we can obtain should be scrutinized. Of course this results should be compared with that of the transmission format feedback (TFF) approach which is likely to be enhanced further. 

	Huawei
	Different CoMP solutions require different level of feedbacks (single-cell/multi-cell, CQI/RI/CSI, etc.), as in our contribution R1-091264. Targeting to the ITU-submission, probably just two or few CoMP schemes are needed.The feedback granularity and accuracy should support the picked CoMP schemes for ITU-submission. Regarding how to feedback CSI to eNB, it'd be better to have a joint discussion on CoMP and MIMO. At the current stage, it'd be better to keep the three CSI feedback categories in R1-091283 considerable for WI studies

	Qualcomm
	We agree that a flexible (non codebook based) precoding enabled due to UE-RS will be important to allow for adequate spatial coordination gains. In the event that R10 does not preclude various forms of CoMP that can be achieved in a fashion transparent to the UE (again due to UE-RS), it would be good to have a unified feedback design that avoids multiple reporting modes depending on a particular CoMP technique. The presence of multiple reporting modes and therefore mode switching would limit flexibility of CoMP. To achieve such a flexible design, we need a proper mechanism of CQI/RI reporting that allows for a reasonably accurate CoMP C/I calculation at the anchor eNB. Note that the problem of rate/rank prediction w/ a flexible (non codebook based) precoding in CoMP is somewhat similar to that in (intra-cell) MU-MIMO and hopefully can be treated in a similar way

	Ericsson 
	Depends on the CoMP scheme. At this stage we should not rule out direct channel feedback

	Fujitsu
	Feedback approaches are dependent strongly upon CoMP solutions like coherent JP and non-coherent JP. 
Considering unbalanced CoMP links, performance evaluations with PMI based feedback (maybe plus power allocation) or channel quantization based feedback, phase adjustment feedback should be carefully investigated

	Samsung
	As stated by many companies that there are two major methods of feeding back CSI related information. The transmission format feedback (PMI based approach) and direct channel feedback. We think both should be evaluated at the moment, as the choice of feedback is dependent on the COMP scheme we choose

	ETRI
	We need to look into both extension of Rel. 8 feedback and direct channel feedback for further evaluation.  Although direct channel feedback can provide flexibility in transmission, we are not sure if it can achieve a good performance without incurring an excessive feedback overhead. The trade-off between performance and feedback overhead should be carefully considered when making a decision between the two. Also, CoMP feedback needs to be considered jointly with high order MIMO. 

	Panasonic
	We agree to further consider both flavours of the reporting method. 
It is open if we should use the same reporting format for different types of DL CoMP transmission. 
If the same reporting format is used, then UE doesn't have to be aware of the exact CoMP scheme. 
If different reporting format is used, some reporting overhead can be reduced compared with the former case.

	Nortel
	This would depend on the CoMP schemes to be supported. The amount of information needs to be feedback to support a certain CoMP scheme should also be a factor for consideration. PMI feedback should not be excluded at this stage

	InterDigital
	We also support further investigation and evaluation of both the transmission format feedback method (PMI based) and the direct channel feedback method (quantization level TBD). We are effectively concerned about the potential of the direct channel feedback approach to incur a penalizing amount of overhead, but feel this first deserves a quantitative evaluation before reaching a conclusion.

	ZTE
	We think both non-codebook and PMI based feedback should be considered from traffic channel performance and overhead impact point of views. In the non-codebook approach, we should make sure that transmitters would have enough information on fast fading channel matrix in order to efficiently carry out CoMP operations.


In summary the feedback mechanisms can be categorized as:

· Direct channel state/statistical information feedback: some form of direct  channel state/statistical information
· Compression techniques that can reduce feedback overhead may be beneficial
· Transmission format feedback:  recommended transmission format

· Direct extension of Rel-8 MIMO feedback: CQI/RI/PMI

· SRS-based CSI estimation at eNB exploiting UL/DL channel reciprocity
Note that DL CoMP operation will primarily be based on UE-specific RS and hence there may be no need for CoMP codebook at the transmit side. Although not explicitly stated, these feedback mechanisms are probably directly applicable to FDD operation . The CoMP feedback for TDD operation could exploit SRS transmission from the UE and detection at the cells belonging to the CoMP reporting set, additional reports from the UE need further discussion. 
Downloadable codebooks were mentioned as a possibility to enhance the feedback. A common framework for different CoMP schemes would be desirable in order to avoid the need for different feedback modes with their corresponding switch, and to minimize the associated testing. 

Proposal: The two main categories of CoMP feedback mechanisms have been identified to be: 
· Direct channel state/statistical information feedback

· Transmission format (e.g. CQI/PMI/RI) feedback

UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity. 

Continue looking at both types of feedback mechanisms for the evalautions. We need to gradually identify the UL overhead (number of bits) associated with each specific feedback mechanism. The feedback overhead (UL) vs, DL performance tradeoff should be assessed with the goal to target minimum overhead for a given performance.  
The following table summarizes the expressed views on “how” this feedback information is fedback.

	Company
	Comment

	Sharp
	We are fine either way, but the impact on the standardization should be minimized regardless of approach selected.

	Nokia/NSN
	In our view, the UE shall follow the configuration and the signaling only of the anchor cell. UL macro diversity should be primarily an implementation issue but it is also relevant for distributed CoMP schemes as it avoids the X2 latency. Explicit support for UL reports reception by other cells is FFS

	Alcatel-Lucent
	We think we need to distinguish TDD and FDD, DL and UL COMP case. On DL COMP and FDD we lean to the rule that all UEs do feedback their information to the serving cell, since this is most in line with the Rel.-8 paradigm. In TDD an active feedback over PUCCH or PUSCH should also be in the same way but the sounding in UL for DL e.g. can also be measured by neighbor cells and used for DL COMP. For UL COMP this distributed measuring can be the general solution

	Texas Instruments
	We share the same view that signaling only to the anchor cell should be the baseline.

	Motorola
	Agreed. Reporting to anchor cell, even for measurement of other cells from CSI RS for example

	LGE
	We agree with Nokia, NSN comments.

	Huawei
	Agree. UE feedback report (UL channels) should associate to only a single cell-ID

	Qualcomm
	We feel that the issue of direct feedback transmission to non-anchor cells will need more attention. While this discussion may not be immediately relevant in the context of ITU submission, we have to say that the most compelling cases for CoMP are not covered by the traditional evaluation scenarios. As an example, we see very substantial CoMP gains in HeNB CSG deployments (R1-090867). In this context, we’ll need to understand whether we (a) can rely on the presence on X2 in all such scenarios and (b) reliability & latency of X2 (or any other protocol) over a consumer backhaul

	Ericsson
	Agree with everyone else. Wewould simply say that feedback is to the Serving Cell. [Note! what cell actually receives the uplink transmission is a network implememntation issue What this means is fundamentally that the transmission format for the feedback is according to the Serving Cell]

	Fujitsu
	We agree with NNSN proposal that the control signals should be done between anchor cell and CoMP UE only. Considering the X2 latency, CoMP transmission may be efficiently performed only for initial data transmission. In order to reduce the latency and consider transmission behavior, other data transmission like HARQ may be simply implemented between anchor cell and the UE (with no CoMP, for instance).

	Samsung
	We share the view that the UE reporting to anchor cell is the baseline assumption.

	ETRI
	We agree that the UE reports should target the anchor cell.

	Panasonic
	Although it is simpler to feedback to anchor cell only, the backhaul delay can be an issue. In that sense, we agree to further study in what environment it is a reasonable assumption to feedback to different cells. So we agree Juan's proposal.

	DOCOMO
	As an operator, we believe that not only macro cells but also microcells, picocells, femtocells/HeNBs, etc., will be more important. From this viewpoint, we should study direct feedback transmission to non-anchor cell. This is especially relevant in heterogeneous networks where the UE served by the macro eNB may cause significant interference to the picocells, etc.

	Nortel
	Feedback mechanism would depend on what type of information needs to be feedback and the CoMP schemes to be supported.

	InterDigital
	We agree that UE reports should be primarily directed to the serving (anchor) cell, and this should constitute the baseline scenario. However, we prefer to keep the flexibility to further assess feasibility and benefits with UE feedback signalling to non-anchor cells, and not to rule out the possibility of explicit feedback signalling to these. We see low-latency applications as the primary reason not to rule out the direct feedback to non-anchor cells.

	ZTE
	We agree that the baseline assumption should be UE reporting to its anchor cell.

	L2R
	Since CoMP schemes have not been finalized or discussed in details, reporting to other cells than the anchor cell should not been ruled out in order to accommodate different CoMP schemes.


Proposal: UE CoMP feedback reports target the anchor cell (on UL resources from anchor cell) as baseline when X2 interface is available and is adequate for CoMP operation in terms of latency and capacity. In this case, the reception of UE reports at cells other than the anchor cell is a network implementation choice. The feedback reporting for cases with X2 interface not available or not adequate (latency and capacity), and for cases where feedback reports to the anchor cell causes large interference (e.g., in heteronegenous deployment scenarios) for CoMP operation needs to be discussed and, if found needed, a solution needs to be identified. 

The following table summarizes the expressed views on the “container” of the CoMP feedback information.

	Company
	Comment

	Sharp
	The overhead on PUCCH would depend on the CoMP scheme but efforts should be taken to minimize the overhead

	Nokia/NSN
	According to our analysis, the current PUCCH payload size is not sufficient for CoMP reporting while aperiodic CQI reporting might be inefficient for this purpose. We think that some enhancements should be considered like the Multi Sequence Modulation on the PUCCH and periodic, configurable PUSCH-based feedback. More details about this issue are in our paper R1-091353

	Alcatel-Lucent
	That may depend on the scheme, but generally only a scheme with very low rate feedback would fit in PUCCH. For other schemes PUSCH has to be used. Maybe we need to list different schemes and requirements here.

	Motorola
	Depends on the feedback method, we found that direct coefficient feedback can use just one PUCCH resource just like in REL8 CQI/PMI reporting. In the example of a 4x4 spatial covariance matrix that has 10 unique entries, we may just replace 10 QPSK/QAM symbols in either PUCCH or PUSCH. Compared with quantization of covariance matrix or a CSI (assuming for one subcarrier?), which may fit in one-RB PUSCH, but that is 12 PUCCH resources. R1-091342 has some details.

	LGE
	This issue I think seems to be closely tied with the definition of CoMP feedback information as described above.

	Huawei
	Depending on the CoMP categories analysis, and also the duplex mode (FDD/TDD).

	Qualcomm
	Agree (with NNSN): our preliminary analysis also suggests that PUCCH payload extension will likely be needed. This will depend, to some extent, on the efficiency of spatial feedback mechanisms (in terms of payload/accuracy tradeoff). While a specific feedback design is more suitable for the WI phase, we need to agree on the amount of feedback required (and hence the underlying feedback mechanism(s) .. see e.g. R1-090866) to support CoMP, at very least in the scenarios covered in ITU submission

	Ericsson
	Difficult to answer before we know what feedback there would be. We should not, at this stage, limit to current payloads.

	Fujitsu
	If the control signals are only exchanged between anchor cell and CoMP UE, the current payload size may be not large enough. So, more efficient PUCCH design may be necessary

	Samsung
	The question that whether the PUCCH payload size is sufficient really depends on which CoMP scheme we are using and what are the information we may need to feedback. For the direct channel feedback schemes, with high probability we will have to extend the PUCCH payload size

	ETRI
	The amount of the feedback information depends on the feedback scheme. In general, we can use PUCCH with expansion of the Rel. 8 payload size or introduce periodic reports on PUSCH, if we need to support a large payload.

	Panasonic
	We agree we should not to be limited to the currently supported PUCCH payload size.

	Nortel
	This would depend on the CoMP schemes selected.

	InterDigital
	We don’t think a limitation to current R8 PUCCH payload sizes is feasible for a large class of COMP schemes, and anticipate we will therefore need to cater for the possibility of PUCCH payload extensions. However, payload versus coverage trade-off is a primary design concern from our side.

	ZTE
	We think that expanding the supported PUCCH payload sizes should be considered.


Although the size of the feedback information in support of DL CoMP needs to be better understood, there is a broad support that the current PUCCH payload sizes (<=11 bits) will not be sufficient. Some possibilities have been proposed:
· Expand the supported PUCCH payload sizes
· Use periodic reports on PUSCH

Proposal: Do not have to confine the CoMP studies to payload sizes currently supported by PUCCH operation. Further investigate the overhead and performance trade-off. Further discuss possibile mechanisms  needed  to provide a larger payload size for CoMP feedback reports as part of the performance trade-off study. 
2.4
Overhead in support of CoMP
The following table summrizes the expressed views

	Company
	Comment

	Sharp
	Overall DL overhead should be minimized consistent with RAN1’S goals on capacity/throughput for LTE-A. We believe it should be beneficial to adopt a mixed use of user-specific RS and legacy CRS for demodulation

	Nokia/NSN
	In our paper R1-091352, we have some analysis about the per layer overhead of DM-DRS. Regarding the CRS mismatch issue due to different frequency shifts in a CoMP Active Set, we think that we should not be pessimistic in the SI evaluations about this issue as there are ways to handle this problem.

	Alcatel-Lucent
	Overhead is connected with DRS or could potentially come from Control channel formats with more TPMI overhead. Regarding DRS, overhead could come from JP making 2-4 DRS (precoded) for multi-stream COMP transmission necessary.

	Motorola
	Not sure if means control overhead or RS overhead. If the latter, it should not be too different from single-point operation with DRS-based demod and CSI-RS-based measurement. R1-091340 has overhead analysis

	Huawei
	The high level DL overhead includes CRS overhead and DRS overhead, and probably the additional punctures due to the possible differrent CFICH and possible different CRS patterns among the multi-points. I agree that probably the latter two can be left for work item.

	Qualcomm
	It looks like we will need to agree on the assumptions related to DM-RS overhead (overhead versus loss of imperfect channel and interference estimation) very soon to coordinate our system evaluation efforts. The same applies to CSI-RS design. Quoting another paper (R1-091450) on the subject of CSI-RS UE-RS design and overhead/performance tradeoff

	Ericsson
	In general, in terms of the actual dowlink transmission, we see DL CoMP as similar to any other kind of antenna-port-5 tranmsmssion with a corresponding OH. 
In practice DL CoMP may need somewhat higher RS density

	Fujitsu
	In DL overhead, how to efficiently design CRS and DRS may be major issue. One reasonable way to reduce the overhead is to multiplex CRS and DRS by means of, for instance, CDM manner

	Panasonic
	We agree to study further for the data puncturing issue.

	Nortel
	Higher DRS density would be necessary.

	ZTE
	DL RS study should seriously consider the overhead in the case of CoMP


In order to better understand the overhead associated with DL CoMP operation, we need to progress with the DL RS discussions. DL CoMP operation will incur the overhead associated with the transmission of CSI-RS and UE-RS as other non-CoMP DL transmissions based on antenna port 5.

The issue related to the fact that CRS from different cells have different shifts and that the control region span may be different across cells in the CoMP serving set was raised and will need further investigation. Probably not directly applicable to the current evaluations work.
Proposal: Progress with the DL-RS work in order to better understand the overhead incurred by CoMP operation.
· The effect of data puncturing from CSI-RS needs further investigation. 
2.5
Other
The following table summrizes the expressed views on antenna pointing for CoMP evaluations:

	Company
	Comment

	Nokia/NSN
	We would think that antenna re-pointing should not be used for the ITU evaluation. Can we expect that in reality TX antenna configurations are changed due to CoMP, note that we might have a mixture of CoMP and single cell UEs?  

	Alcatel-Lucent
	If we use the changed antenna configuration at least DL and UL results have to be provided for this antenna configuration. But we think for ITU we have to provide results for the old (TR 25.814) configuration.

	Motorola
	Agreed with NSN.

	Huawei
	The comment from NNSN is reasonable. It would be good to show that the original LTE network deployment can reach similar significant gain, but the scheduling algorithm might be more complicated. However, the new network deployment with shifted antenna pointing should not be excluded, which has an advantage of simple cell-selection and scheduling design, and is possible for a new deployed network. To finish ITU submission in such a short time, it should be OK to use both (or either) network deployments.

	Ericsson
	Our understanding is that we, for the ITU evaluations, must use what ITU tells us to use

	Fujitsu
	As we mentioned in the first bullet, a baseline methodology for CoMP is necessarily determined. For calibration purpose, we should not alternatively do so although it may be beneficial to achieve somewhat system throughput gain

	Samsung
	For ITU submission we have to follow their guidelines. But the additional antenna pointing could be helpful for internal 3GPP evaluation.

	InterDigital
	We agree with NSN.

	ZTE
	We think that old antenna layout should be used as the baseline configuration due to the milder inter-cell interference at cell edges for PDCCH which in general does not benefit from CoMP. Alternative antenna pointing directions could be considered when PDCCH detection quality can be maintained at cell edges.


Proposal: For the ITU evaluations, the antenna pointing needs to satisfy the ITU description (i.e., same as in LTE Rel-8 evaluations TR 25.814). For 3GPP internal evaluations, we can keep the assumption in the LTE-A TR 36.814 to be able to use either scheme. 
The following table summarizes the expressed views on UL CoMP related
	Company
	Comment

	Huawei


	To show the LTE-A competetion over the other IMT-A candidates, UL CoMP enhancement is needed in the ITU submission. During the investigation, it is found that the delay spread expansion in UL multi-cell CoMP cannot be neglected. We should not neglect the delay spread impact and evaluate the UL CoMP by ideally assuming perfect CoMP active cell set selection and always assuming normal CP. However, using the extended CP for all users will cause 14% more overhead, which is too pessimistic for UL CoMP as well. Probably we can assume only one UL subframe per 10ms uses extended CP to take both the delay spread impact and the overhead into account. Please find the details in R1-091266


The impact of a larger delay spread in relation with UL CoMP operation was raised. 

Proposal: ISI effect should be modelled in the system simulations. The need for extended CP operation in certain UL subframes should be further investigated. 
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