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1
Introduction
Email discussions took place between RAN1#56bis and RAN1#57 for CoMP aspects. The discussions focused on feedback for DL CoMP operation, although some discussion took place for UL CoMP operation too. 
The following is a list of items that was covered by the discussions

· Refinement of CoMP sets
· Feedback in support of DL CoMP

· Modelling of UL CoMP in system simulations

Section 2 presents the discussion that took place over the reflector. No immediate need for TR changes is foreseen this time since the discussion has served primarily the purpose to lay-out different options and further discussions need to take place to gradually get more details on CoMP operation. 
2 
Discussion
2.1
CoMP Terminology
In the RAN1#56bis meeting we defined: 

· CoMP cooperating set

· CoMP transmission points

· CoMP reporting set

We concluded to refine until the next meeting these sets and their possible inter-relation. 

Question:

· Can we assume that the CoMP cooperating set and the CoMP reporting set is the same set of cells? (Please refer to TR 36.814 v 1.0.1 for the agreed definitions.)

	Company
	Comments

	ALU
	In transit periods when the CoMP cooperating set changes it needs to be discussed whether the CoMP reporting set can be larger than the CoMP cooperating set. So we see this as FFS

	Ericsson
	Regarding the CoMP Cooperating Set, we do not see a need to have this explicitly defined (i.e. it can be assumed to correspond to the Comp Reporting Set).
Note though that, strictly speaking, we can not say that they are the same as the Reporting Set (what the UE can measure on) is of a set of cells, while the Cooperaring Set (similar to the set of transmission points) is a set of (geographical) points. Of course, this very much depends on the "transparancy" question, if the set of transmission points is not transparent to the UE, then, in the end, it of course needs to correspond to cells. But this is not concluded on yet.
Setting the Cooperating Set "equal" to the Reporting Set would imply that in practice there would only be two sets, the Reporting Set and the Set of Transmission Points. We then need to clarify that the "transparency issue" is then related to the Set of Transmission Points instead.  SO I assume this would leave us with the following simplifed “definitions”
Set of CoMP transmission points: The set of points actively transmitting PDSCH to UE
- For Joint transmission, the set of CoMP transmission points consists (could consist?) of multiple points [Are we forbidding a set size of one????]
- For Dynamic Cell Selection, the set of CoMP transmission points consists of a single point. This transmission point can change dynamically between subframes.
- For Coordinated scheduling the set of CoMP transmission points consists of a single point which corresponds to the serving cell
- The Set of CoMP transmission points may or may not be transparent to UEs
CoMP Reporting Set: Set of cells about which channel state/statistical information related to their link to the UE is reported.
- The actual reports may down-select cells for which actual feedback information is transmitted
One more comment: The currently definition of Measurement Set is clearly not needed as it corresponds to something defined already in release 8.
At the same time, what we call Reporting Set is really a measurement set, especially as we explicitly point out that the UE may not report on all cells in the Reporting Set. 
Should we not rename it Measurement Set?

	Huawei
	CoMP cooperating set might change either dynamically or semi-statically depending on the CoMP modes, while CoMP reporting set should be semi-statically informed to the UE. Thus CoMP cooperating set should be a subset (maximum the same set) as the CoMP reporting set.

	Sharp
	For simplicity, it would be useful to assume that they are the same. However, there might be cases for instance when the cooperating sets are changing or during initialization of CoMP operation for an UE that they might be different so the 2 sets membership/initiation and update mechanisms should be FFS

	Samsung
	Basically, we agree with Erik’s opinion that there is no need to have an explicit definition of CoMP cooperating set. Since the actual transmission set is defined to be the CoMP transmission points, the CoMP cooperating set is like a set of possible cells or points to transmit CoMP PDSCH to the UE. From UE’s point of view, we did not see the additional benefits of having an additional layer of   CoMP cooperating set definition.

	ZTE
	o
Cooperating set is desired to be transparent to UEs, contingent on the inter-cell interference study (between CRS and PDSCH) and the signaling overhead of non-transparent mode. If transparent, there is no need for explicit definition.
o
Cooperating set can be dynamically configured by the network. 
o
Reporting set should be visible (i.e., to be notified) to UEs and semi-statically configured by the network and UE specific

	CATT
	If we understand correctly, CoMP cooperating set is defined due to "dynamic channel selection" since more than one point would be involved and availabe for transmission.  Assuming reporting set and cooperating set are semi-static configured, there is not obvious benefit to make different sizes between them. Furthermore, what UE needs to know is not which cells are involved in cooperating, but which cells need to be reported.  eNB may need to know both, but by now, we have not seen any necessity to explictly define this cooperating set even at eNB side.

	TI
	We think CoMP cooperation should be designed with at least some level of channel information, so the cooperating set should be either a subset of or equal to the reporting set. To some extent the answer depends on the transparency issue.

If the CoMP cooperating set is transparent to the UE, it could be a baseline to assume they are the same. In this case the concept of cooperating set may be redundant.

If the CoMP cooperating set is non-transparent (dynamic or semi-static), conceptually it is possible to configure the cooperating set to be subset of reporting set.  However the implications should be further discussed, e.g. what is the benefit of having channel feedback for a cell not involved in CoMP cooperation. Currently the benefit of configuring the two sets differently is not very clear

	NSN/Nokia
	It is not necessary that the cooperating set is  the same as the CoMP reporting set. If the CoMP cooperating set is not the same as the CoMP reporting set this does not to have to be informed to the UE so it would be OK for us to keep only the definition of CoMP reporting set in the TR (and remove the cooperating set)

	Qualcomm
	We agree with Ericsson and Samsung that the benefit of an explicit definition of CoMP cooperating set is not clear and it is our opinion that the actual behavior of different members of the CoMP reporting set during PDSCH transmission (e.g. participation of a particular cell in PDSCH transmission to the UE and/or cooperative selection of a transmit beam towards another UE including potential silencing or absence of any form of cooperation) could be transparent to the UE. While we believe that it may be beneficial for the UE to measure an accurate channel quality (CQI/RI) resulting from the actual cooperation (e.g. due to precoded RS), it is not clear why a UE needs to be aware of actions of individual cells that lead to such channel quality.

	Motorola
	Our understanding from the previous discussion is that CoMP cooperating set is the set of cells that will use the CoMP reports to determine, in a coordinated fashion, the best scheduling and beamforming/transmission strategies for a set of users. The outcome includes the decision on the actual transmission from one or more transmission points among the cooperating set. CoMP cooperating set is introduced mainly for better describing the coordination scheme/algorithm, but not of any concern to UE operation. Having said that, it is reasonable to assume that all cells to which a UE has made measurement and reports will cooperate in scheduling decision making (at least for that particular UE). Otherwise, it is not clear why the UE is requested to make CoMP reporting (although one possibility is that UE reports in an autonomous fashion without knowing whether all relevant cells will cooperate or not). Perhaps the most important thing is for any proposal to clearly describe the CoMP reporting set assumption in the simulation and the cooperating set assumed in the scheduler, without us spending too much time to discuss whether they should be the same or not

	Panasonic
	At least based on the current definitions, CoMP cooperating set and CoMP reporting set is not necessarily identical. For some CoMP operation like using (partial) open loop, CoMP reporting set can be a subset of CoMP cooperating set.  If coordinated beam forming does not intend to have dynamic change of transmission point, CoMP cooperating set could be even a subset of CoMP reporting set. Although assuming identical CoMP reporting set and CoMP cooperating set can simplify the concepts, the exact benefit of doing so may need careful analysis. See details in our contribution R1-091746.

	ETRI
	The CoMP cooperating set can be the same as the CoMP reporting set or it can be a subset of the CoMP cooperating set in the sense that only cells that are covered by the UE report can participate in the cooperation but not all cells in the reporting set may participate in the cooperation.

	Hitachi
	We agree with Erik, Charlie and others that CoMP reporting set and CoMP transmission set seem to be sufficient. The reporting set may be dynamically updated, which can be mapped to a set of possible transmission points to transmit CoMP PDSCH to the UE.

	CMCC
	From our side, we think the UE- specific CoMP should be decided by network, so current definition of CoMP cooperating set is relatively appropriate. Though current work assumption is that CoMP take it agnostic to inter-eNB and intra-eNB, we still need to consider the complexity of the CoMP in inter-eNB and we also need to consider other factors that will restrict the cooperation among some cells, so we think that it is significant do define the CoMP cooperating set assisted by UE measurement reports(e.g. RSRP) which comprehensively consider the network capability and the UE’ observation. Through the CoMP cooperating set, the network can inform the UE which cells seen at the UE in the network is suitable, cooperatable, realizable for its CoMP, corresponding to which the UE will know which reports are meaningful and which is otherwise, which naturally require that the CoMP reporting set should be subset of CoMP cooperating set that can be set semi-static, while the transmission points might change dynamically to allow different PDSCH transmission behaviour(e.g. Joint transmission, dynamic cell selection, coordinated scheduling). So the cooperating set and reporting set is non-transparent to UE while the transmission points is transparent to UE.  It is detailed illustrated in R1-091830 as interpretation 2. 

Another interpretation, named as interpretation 1 in R1-091830, firstly determine reporting set assisted by UE measurements, and then determine the cooperating set based on UE further reports, which is detailed explained in R1-091830.

It should be noted that the data allocation for inter-eNB cooperation has two options: 1) data is transmitted through S1 interface from core network; 2) data is transmitted through X2 interface from serving cell. If the cooperating points rather than the transmission points change dynamically, the points to which cooperation traffic/data are scheduled will change dynamically and fast, the latency and the efficiency should be evaluated.

Based on above consideration, we prefer reserve current definition of cooperating set, or merge the cooperating set and reporting set into one set, but the actual UE report can down-select cells for which actual feedback information is transmitted.


The CoMP cooperating set is understood to have been defined to facilitate discussions, however, it is not foreseen to have a direct relevance to the PHY layer specification work. Based on the email discussions we cannot conclude to merge the CoMP cooperating set and the CoMP reporting set, although it is pretty widely understood that ignoring some potential transients, it makes sense for them to be the same. Otherwise, why would the UE report information about a cell that is not cooperating on its transmission? 
Some discussion on the transparency of the CoMP transmission point(s) for the joint processing (JP) CoMP schemes took place and this is an interesting point to discuss further. It is desirable to have the CoMP transmission point(s) transparent to the UE and therefore would be interesting to see what could make this transparency not possible.
Proposals: 
· Rename CoMP reporting set to CoMP measurement set

· Further discuss what could make CoMP transmission point(s) not transparent to the UE to see whether we can conclude on the transparency of CoMP transmission point(s) to the UE. 
2.2

CoMP Feedback

In RAN1#56bis we defined three different types of feedback:
1. Explicit channel state/statistical information feedback

1a. Channel as observed by the receiver, without assuming any transmission or receiver processing

1b. Channel as observed by the receiver, including receiver processing or part thereof

2. Implicit channel state/statistical information feedback

2a. Recommended transmission properties (e.g. CQI/PMI/RI) 

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

The use of SRS transmissions from the UE is quite trivial if one can assume channel reciprocity, therefore the focus of this discussion should be on points 1 and 2. CATT noted that some additional feedback (e.g. interference level) should be discussed on top of SRS-based DL CoMP operation. 
LGE provided more details on feedback type 1b, by saying that a “typical "receiver processing" is the receive beamforming of UE, and in many cases, the receive beamforming is determined by the channels from all the coordinating cells, not by an individual cell channel. Thus, the feedback information becomes a function of all the coordinating cell channels which can be written in a form of f(H1, H2, w) by the notation in Figure 1. Of course, each coordinating cell can normally transmit RS without any coordination. Another example is the coordinated beamforming with implicit feedback while each coordinating cell can normally transmit RS without any coordination. In this case, it is possible for a CoMP UE to report the CQI/RI which can be achieved by the coordinated beamforming. This operation corresponds to the coordinated information case but differs from Figure 2 in that the coordinating cells do not perform coordination in transmitting RS.”
Non-coordinated and coordinated channel state/statistical information

From the discussions so far and the categorization above, the following seems to be common understanding regarding the type of information for CoMP operation:

-
Non-coordinated information and coordinated information
The following figures illustrate different types of channel information as discussed over the RAN1 email reflector.  

In these figures we have the following simplistic assumptions to make the discussion clear:

· H1 is the channel between cell1 and UE1

· H2 is the channel between cell2 and UE2

· These channels can be perceived as the channel between the given cell and the given UE at e.g. a particular frequency subband. 

· Cell1 and Cell2 are the cells in UE1’s reporting set (these cells are also the cells in UE’s cooperating set)

· ‘n’ is the noise-and-interference measurement related to the bandwidth of the channel measurements H1 and H2

Non-coordinated information:
Feedback information not assuming any (coordinated) transmission or receiver processing.

-
CSI-RS from cells in UE’s CoMP reporting set is used to generate (non-coordinated) explicit or implicit channel feedback about each individual cell in the UE’s CoMP reporting set

These reports make it possible for the CoMP transmission points to choose the proper precoding operation for each of the UEs. This information can also be used by the CoMP scheduler to select UEs. 
Figure 1 shows the sequence of events for non-coordinated feedback information generation.
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Figure 1. Illustration of non-coordinated setting
Note that f(H1,n) is what the UE reports and is related to what we discussed as implicit or explicit feedback information in RAN1#56bis, ref. 36.814. The function f(.) converts the measurements into an actual report which could be some sort of statistical channel information, quantized channel, PMI/CQI/RI, etc.
Question:

· Can we agree that this type of report is needed for CoMP operation?
· What are the views on what is f(Hi,n) that the UE reports about each cell in its CoMP reporting set?

	Company
	Comments

	ALU
	We agree, that this information is needed.
This is so to say basic information about interfering channels. Now if the full channel knowledge would be reported, all information would be at the scheduler’s hand. We assume that the need for Coordinated information (Information assuming coordination)  comes from the feedback reduction need. So it comes from the fact that reduced or only essential information is reported in this case

	Ericsson
	Non-coordinated information could be explicit information about the true channel (from a certain cell-specific antenna port to the UE antenna(s)). However, it could also e.g. be information based on UE estimates of the true channel, such as PMI etc

	Sharp
	We think that 1b + 2a would constitute the essential feedback. In case of AS-MBSFN (R1-092102), we would need to feedback the antenna selection map which would probably belong to 1b or 2a.
Non-coordinated information might be required during initializing of CoMP operation or  during dynamic clustering of CoMP operation. However, this type of information might incur a lot of overhead and efforts should be made to minimize this overhead and instead use coordinated feedback during normal CoMP operation.

	ZTE
	o
For Joint Transmission scheme, explicit CSI should be seriously considered and the required signaling overhead needs to be studied in detail. Certain compressions are desired to reduce the signaling overhead
o
For Coordinated Scheduling (e.g., diversity antennas in each cell), implicit CSI (PMI/CQI/RI) per cell in reporting set (e.g., non-coordinated feedback) is preferred. 
o
For Coordinated Beamforming (e.g., closely-spaced uniform linear array in each cell), long-term statistics of CSI can be estimated from uplink—not need to feedback (outside the scope of the standard

	NSN/Nokia
	We are in favor of type 1 so that transparent precoding solutions will be possible. We are still not so clear what the difference is between 1a and 1b is with respect to the possibility to perform feedback compression and the need to inform the UE (and to which level) about the CoMP transmission scheme. So some clarification would be welcome about the difference between 1a and 1b.  
It is our preference to have this kind of non-coordinated channel feedback, however at this point we don't preclude the use of coordinated feedback in the performance analyses due to its potentially lower UL overhead

	Qualcomm
	We agree that 1a and/or 1b is essential (we see 1b as a potential form of feedback compression where the tradeoff between DL performance and UL feedback should be further studied). As for recommended transmission properties, we believe that recommended CQI and possibly RI that reflect the actual “cooperation” channel may be important. The need for recommended PMI that is expected to be used by the (subset of the) CoMP reporting set for CoMP and MU-MIMO (i.e. beyond Rel-8 PMI usage) is not clear given that UE does not have enough information to come up w/ such a recommendation.

	Motorola
	For our proposal thatis based on spatial correlation feedback in R1-091936, we used the instantaneous spatial correlation calculated for a certain eNB-configurable  bandwidth based on, for example, one CSI-RS symbol in a subframe. The reporting periodicity is similar to that in PMI feedback in Rel8, which is possible if we make the feedback overhead similar to that of PMI reporting in Rel8 (e.g., by replacing QPSK/QAM symbols in PUSCH/PUCCH with the coefficients directly). We also assume the knowledge of  noise-plus-interference level seen at the UE. Based on these, eNBs make scheduling decisions such as user pairing, precoding weights, rank etc, So, the type of feedback is 1a in our study.

	ETRI
	According to the definition, the non-coordinated information does not assume any specific coordinated transmission but still should be able to provide information necessary for each transmission point to choose a proper precoding to the UE. The followings can be envisioned (at least for precoding) as such feedback information.
    A. Channel matrix (H)
    B. Channel covariance (R =H^{+}H)
    C. Channel eigenvector matrix (from singular value decomposition of H)
    D. Implicit feedback (e.g. PMI in Rel.8)
It seems the options A, B, and C are all considered as explicit channel feedback. We note that the option A is applicable for all operation modes, i.e., coherent/non-coherent JP and CS/CB. In contrast, the options B, C, and D can only be useful for non-coherent JP and CS/CB.

	Hitachi
	We feel that all feedback forms could be of use. For example, in case of MU-MIMO Precoding, full channel feedback which corresponds to 1a (R1-091180) or processed channel feedback corresponding to 1b (R1-091904) would be necessary. Whereas for SU-MIMO Precoding 2a would mostly suffice.

	CMCC
	We think that this type of report maybe necessary to assist the network to determine appropriate transmission points for transmitting PDSCH to the UE. 


Coordinated information: 

Feedback information that assumes certain coordination, scheduling and/or projected decisions. 

These reports take into account the coordination strategy itself reflecting some SNR or channel after the coordination takes place. These reports are therefore tailored for accurate link adaptation and UE selection. 

Figure 2 shows the sequence of events for coordinated feedback information generation for a CB CoMP setting.
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Figure 2. Illustration for coordinated setting (CB)
Note that g(H1’,n’) is what the UE reports or the serving cell (cell1) computes conditioned on a particular cooperation between cell1 and cell2. This information is what is called “coordinated information”. The function g(.) converts the new measurements into an actual report which could be some sort of SNR or CQI/RI, etc. This information is used a the CoMP transmission points in the scheduling decision and the determination of the transmission MCS with such coordination at the network. 
Figure 3 illustrates the coordinated information generation for a JP CoMP setting. 
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Figure 3. Illustration for coordinated setting (JP)

In this case, g(H1’, H2’’,w’’) is what the UE reports or the serving cells (cell1 and cell2) compute conditioned on a particular cooperation between cell1 and cell2. This information is what is called “coordinated information”. Note that for a JP setting, given the high backhaul requirements to support the joint transmission of packets, the exchange of information through the backhaul to compute g(H1’, H2’’,w’’) does not cause any extra burden on top of the existing backhaul requirements and the knowledge of the non-coordination information (see Figure 1). This information is used at the CoMP transmission points in the scheduling decision process and in the determination of the transmission MCS with such coordination at the network.
Questions:
· What are the views of the necessity of this information for CoMP operation? (function g(.))
· In case this information is needed, how is it obtained? Does the UE provide it or the network figures it out? 

· If the UE provides the information what DL signal is used by the UEs to measure it? And what does the UE report? 

· If the network figures it out, how does it do it? 

	Company
	Comments

	ALU
	That the UE provides the info allows a feedback reduction, so this information is needed. Further this way UE characteristics can be taken into account.
The report information depends on global or local codebook design for the CoMP set.  If the global codebook is used, the UE reports the PMI of the global codebook.  If the local codebook is used, a set of PMI with the correlation needs to be reported.
We think also 2 can include coordinated information. Our view regarding to the types: type 1a is non-coordinated information. For type 1b we are waiting for examples from companies showing the 
eighbour
 of this type of information. Type 2 should allow a mix of non-coordinated and coordinated information, e.g. best 
eighbour PMI and corresponding delta-CQI. Here the delta-CQI information depends on the coordination strategy and thus fits to some extend to certain coordination approaches.
Basically in the case of CoSch (CS/CB) and FDD the UE could provide the information about an improved reception condition if a suggested coordination takes place or not. Please see also our contribution R1-090777 from the Athens meeting.
Let us assume 4 Tx and 2 Rx and precoding selection and we have we have one interfering cell. So we have 4 serving channels and 4 interfering channels per receive antenna. So one phase and magnitude would be sufficient to be reported per subband for the interfering channels per receive antenna. So for explicit channel information one magnitude and phase value for each combination of transmit and receive antennas would be sufficient per subband. Now the receiving e-NodeB could figure out for each pre-coding (of serving and interfering cell) what is the impact on the resulting channel quality for the UE. In case of implicit channel (or coordinated) information  on the other hand it might be sufficient for the UE to report the worst precoding codebook index for the interfering cell and the SIR improvement when this index is avoided per subband. Or it may be sufficient to report the best precoding codebook index for the interfering cell (the one creating least interference) and the SIR improvement when it is selected by the neighbour eNodeB in the subband. This is sufficient for coordinating scheduler decisions
So all this is covered by Feedback 2a (Implicit channel state info feedback, recommended transmission properties) but the additional CQI is meant to be a delta-CQI for the case that coordination takes place or not. 
In the strive to go with your categories in summary: PMI reporting may be considered non-coordinated info and delta-CQI pertaining to that is coordinated information.
In case of TDD complete channel knowledge can the derived by using the reciprocity. Further by using the DRS there is no binding to the precoding codebook. Then here more accurate beam coordination is possible and a reporting needing a quantization of precoding is not necessary. In TDD, the reciprocity of DL/UL channels could be used for the single cell case it might be more challenging to use it for a CoMP operation.
In the case of coherent JP (Network MIMO) information of the category “1a. Channel as observed by the receiver, without assuming any transmission or receiver processing” is needed.

	Ericsson
	Coordinated information could e.g. be CQI given a certain coordination, e.g. certain pre-coder matrix.
I assume one way to derive such coordinated information this is to have some (new?) kind of “pre-coded” RS that are not really related to (but rather preceeding) PDSCH transmission
Example 1:
1. The UE report channel information, PMI or something like that, based on CRS or CSI. This in non-coordinated information

2. The network decides on e.g. pre-coder matrix and transmit some (new?) kind of RS using this pre-coder. 

3. The UE decides on a CQI based on the pre-coded RS and feedback this to the network. This would be coordinated information.

4. The network transmits PDSCH using the decided pre-coder matrix and the reported “coordinated” CQI
Example 2:
1. The UE report channel information, PMI, or something like that, based on CRS or CSI. 

2. The network decides on pre-coder matrix and transmits PDSCH + UE-specific RS using the devided pre-coder (based on some “non-coordinated” CQI report) 

3. The UE decides on a (“coordinated”) CQI based on the UE-specific RS transmitted together with PDSCH.
4. The network continues transmitting PDSCH using the decided pre-coder matrix and the reported “coordinated” CQI

	Huawei
	Probably it’s too early to discuss the feedback with the characterization of “non-coordinated” or “coordinated”. We just agreed on the detailed CoMP categories last meeting. Is it simpler by just analyzing what types of feedbacks are needed for different CoMP modes? 

	Sharp
	We believe there is a strong need for coordinated information as it will help in reducing the UE’s feedback load. Type 2a provides coordinated information and should be sufficient for most precoding schemes. For MBSFN and AS-MBSFN, the PMI and antenna selection bits need to be fed back. There can be reasons to include Type 1b information if gains are obvious. Type 1a has a lot of overhead and sufficient gains should be demonstrated.
The UE should provide this feedback. CSI-RS should be used to measure the information. In case of MBSFN, UE reports PMI of common codebook. In case of AS-MBSFN, additional antenna selection bits should be reported. In case of TDD, the network might be able to figure it out using channel reciprocity but in general, we should use UE feedback.

	CATT
	It is hard to say what type of information is needed for what type of CoMP cooperation. It seems both non-coordiated and coordinated information feedback can provide support to most of CoMP cooperations. The point in fact is which  combination  is more suitable and applicable, considering feedback overhead, perfromance gain, implementation and standard complexity.
Explicit feedback can be provided either on per-cell basis or multi-cell basis. Thereinto, the direct channel can provide the true channel information and there is no need for more coordinated information; however, the form of covariance matrix, the second order statistics, needs further coordinated information which would be asked if coherent joint transmission is expected
Implicit feedback, such as CQI and PMI can also be non-coordinated or coordinated. Note that not matter 1a, 1b, 2 or 3, CQI or  similar substitute always needs to be fed back. If considering coherent joint transmission, such as global precoding, integrated CQI and single PMI with pretty low overhead can reflect the channel quality and recommended precoding of the coordinated transmission, as suggested in our contribution R1-091986. SFN, precoding with the same precoder, a single PMI feedback is also sufficient. For those cases, the same size between reporting set and transmission point is preferred. For CS/CB, both non-coordinated and coordinated infromation can be fed back
For TDD configuration, eNB can achieve instantaneous channel state information via uplink measurement and then the downlink precoding matrix can be obtained based on the information without additional explicit or implicit feedback. But as in the explicit feedback category, UE may need to feedback additional information, such as CQI and/or interference level which could be coordinated information if coherent joint transmission is applied

	TI
	We also think this depends on whether explicit or implicit information is reported. With explicit feedback, non-coordinated information seems sufficient for all CoMP schemes. With implicit channel feedback both coordinated and non-coordinated information are needed, depending on the specific CoMP schemes. For example

UE may report a single joint RI/PMI for all cells in the reporting set under joint processing

Alternatively UE may report multiple sets of RI/PMI for the cells in the reporting set. Note that the RI/PMIs can be derived assuming coherent joint processing, or non-coherent joint processing where the RI/PMI to each cell is derived in response to only the channel to the particular cell, or assuming coordinated beamforming/scheduling
As Charlie pointed out, different flavors of reporting schemes are intertwined with the CoMP solutions which are not finalized at the moment, and therefore are considered needed

	Nokia/NSN
	Our preference would be that this information is derived by the network. The assumption is to use real ZF for precoding, which allows estimating the received signal power after MU-CoMP transmission. In combination with a knowledge of the IF floor it is possible to decide about the the MCSs.  How far this really works depends on the precoding accuracy. As mentioned by other companies, it is also possible the LA is performed based on 'traditional' CQI measures, where the CoMP-CQI would include the effects of ideal/optimal precoding and the assumption on transmission being carried out by the configured transmission points/reporting set

	Qualcomm
	We feel that UE reporting of the actual channel quality (CQI and possibly RI) e.g. based on precoded RS maybe important to enable accurate coordination in the scenarios where network “cannot figure it out” because of excessive backhaul delays on one hand and where different cooperation decisions can lead to substantial interference variations on the other hand

	Motorola
	As described above, our study of spatial correlation feedback operation is based on instantaneous spatial correlation seen at UE without assuming any coordination. eNB uses this to make all mode switching (SU/MU/CoMP), rank, precoding, MCS, and user pairing decisions. So spatial correlation is "“non-coordinated"” information. The post-scheduling/precoding SNR can be projected at eNB based on the precoding used, correlation matrices reported, and residual interference and noise power. We think it can serve as a starting point, which can be used to investigate whether, or by how much ,  coordinated information derived at UE can provide additional gain than eNB-predicted post-CoMP SNR/rank

	Panasonic
	The inclusion of DM-RS enables the possibility of UE-transparent CoMP, i.e., the UE may not need to know the exact CoMP transmission method. Because UE-transparent CoMP may simplify the implementation of UE and ease the testing effort, non-coordinated information seems attractive. The non-coordinated information may need to enable a sufficient number of CoMP transmission method (at least one of them can satisfy ITU requirements). Under this condition, we may select the feedback that has minimum reporting overhead. See details in our contribution R1-091745.

	ETRI
	The UE generates the coordinated information using CSI-RS and reports to the serving cell. The necessity of the coordinated information may depend on what kind of information is reported in the non-coordinated information feedback (if any).  If the option A (explicit channel matrix) is used in the non-coordinated information feedback, we don’t see any need for further coordinated information. If the option B, C, or D is used in the non-coordinated information feedback, additional feedback is necessary for coherent JP operation and still no additional feedback may be needed for non-coherent JP and CS/CB. In addition, we can dependently envision options B, C, and D-like approaches taking into account the joint multi-point channel for coherent JP.

	Hitachi
	We feel that the need of non-coordinated or coordinated feedback information depends on the underlying CoMP transmission scheme (JP, CS/CB). It’s an issue of performance offered versus feedback overhead and is closely related to the discussion on CoMP transmission schemes.

	CMCC
	We think that all the discussion here should only circle around the behaviours related CSI-RS, no demodulation RS should be involved, since only the CSI-RS will be used for the actual behaviour of different members of the CoMP cooperating set/reporting set during PDSCH transmission, which is transparent to UE. Perhaps we leave the CQI feedback aside for FFS.


Forms of (non-coordinated) information:

Channel state / statistical information not based on any actual scheduling decision or transmission parameters (e.g. precoders, power, …).  This information is based on non-precoded channel measurements derived from cell-specific RS used for CSI measurements.  
f(Hi,n) can take the following forms: 

Explicit (all matrices are assumed to be (Nrx x Ntx)):

· Channel part, e.g.:

· Channel matrix (H) – short term (instantaneous)
· Transmit channel covariance (R), where R = E{H†H} – short or long term (averaged over time and/or frequency)
· Channel eigenvector matrix (U), where R = UVU†
· Channel including receiver processing (Hrx_eff), where e.g. Hrx_eff  = Wrx.H, and Wrx is a set of vectors representing the receive weights.  This scheme may be complemented by non-coordinated CQI reports assuming a particular coordination hypothesis. 
· Noise-and interference part

· Interference outside the CoMP reporting set
Implicit: 
CQI/PMI/RI:
· Single user: Rel-8 available mechanism extended to each of the selected subset(s) of the cells in the UE’s CoMP reporting set
· Multi-cell CQI/PMI/RI: UE assumes joint transmission over each of the selected subset(s) of the cells in the UE’s CoMP reporting set  (“global precoding”)
· CQI: one CQI for each of the selected subset based on that given multi-cell hypothesis
· Single-cell CQI/PMI/RI: for each cell in the UE’s CoMP reporting set (“local precoding”)
· CQI: one or several CQIs are reported based on one or multiple hypotheses of the transmission coordination
· Possibly one can use the covariance matrix (R) to improve the codebook accuracy
· Multi user: FFS (same discussion taking place for MU-MIMO enhancements in Rel-10)
· Multi-cell and single-cell
All of the above schemes can be complemented by coordinated feedback information.
Forms of (coordinated) information:

Channel state / statistical information based on actual scheduling decision (e.g. precoders and power), transmission parameters and receiver processing. This information may be partially derived at the scheduler side from the UE non-coordinated information, and scheduling decision information exchange. Alternatively, the coordinated information comes from UE coordinated feedback. 
If the UE reports coordination-based feedback, g(H1’,n’) can take the following form:
· CQI/RI corresponding to a particular coordinated transmission (e.g. transmit beam or power selection)
In this case, the UE bases its feedback on e.g.

· Precoded RS used for this purpose 

· UE-RS used for data demodulation

Who needs what? 

It is important to agree on what type of information is needed at each of the cells in the UE’s CoMP cooperating  set. 
Questions:
· What information is needed at the UE’s CoMP transmission point(s)? (please state to what type of CoMP operation JP and/or CS/CB your reply applies to)
· e.g. explicit/implicit (non-coordinated) channel feedback for channel between UE and each of the cells in the UE’s CoMP cooperating set, f(H1,w), f(H2,w), + coordinated information between the UE and the transmission point(s), f(H1’, w’) for CB, or f(H1’,H2’,w’) for JP
· What information is needed at other cells in the UE’s CoMP cooperating set? (please state to what type of CoMP operation JP and/or CS your reply applies to) 
· e.g. only (non-coordinated) explicit/implicit channel feedback between UE and that cell, i.e. f(H2,w) at cell2 for CB example in Figure 2.
	Company
	Comments

	ALU
	Basically in the case of CoSch (CS/CB) and reduced "coordinated" feedback in FDD we assume the coordinated feedback from UE to serving and neighbor transmission points and CQI and delta CQI is needed at the serving cell. Further the other cells need the coordinated feedback from UE to neighbour cells in order to know what precoding on what PRBs to prefer or to avoid.
In TDD with unquantized precoding, more complete channel knowledge needs to be exchanged.
In the case of coherent JP in case of TDD it is assumed that each cell in the CoMP cooperating set for a UE will be deriving the DL channel to that user based on its own UL channel estimates. For the concept of an area central scheduler all the channel state informations will have to be forwarded to the central scheduler by the cells. The central scheduler will do the scheduling decisions, then compute the weights and send them down to the cells

	Huawei
	Our list of feedback types that are needed for the most important CoMP modes as below
CoMP joint transmission:
  - Dynamic cell selection: Individual CQIs and PMI/CSIs for the cells in the CoMP reporting set (equivalent to the non-coordinated information)
  - Non-coherent JP: same as dynamic cell selection
  - Coherent JP: Detailed design should FFS in WI. We should not exclude anyone of non-coordinated and coordinated information at this stage. With multiple individual PMI/CSIs and CQIs of multiple reporting cells, eNB can decide on the PDSCH MCS based on the UE paring and joint transmit weights. The jointly PMI/CSI and CQI may have higher compress rate, but will limit the scheduling flexibility at the same time
CoMP coordinated scheduling/beamforming
To support a good coordinated beamforing, some kind of coordinated information is needed. As an example, the network decides on the period of the precoding matrix of the coordinated cells; UE choose the preferred subband (take signal and inter-cell interference into account) and feedback the CQI related to the choosed specific subband of a specific subframe, as in our contribution R1-091797.
The feedback of dynamic cell selection and non-coherent JP should belong to 1a, 2 or 3; while the feedback of the other CoMP modes may apply any feedback types (1a, 1b, 2, 3).

	Sharp
	The transmission points need to know the implicit (coordinated) channel feedback between the UE and the transmission point(s). For JP, using MBSFN this could be in the form of a common PMI for all the transmission points. In case of AS-MBSFN, additional bits indicating antennas used at each transmission point needs to be fed back.
[For cells not being transmission points] For JP, we do not see any need. However, for CS/CB, there might be some information needed.

	Samsung
	As one of our contributions R1-091869 suggested, the feedback of non-coordinated information or coordinated information is related to whether we are doing explicit channel feedback or implicit channel feedback. 
-
If explicit channel feedback is supported, then there is really no need for UE to feedback any coordinated information since all those system parameters can be derived from the explicit channel feedback at the network side. 
-
If we only have implicit channel feedback, coordinated information is anyway needed to perform efficient CoMP transmissions (user selection, link adaptation, joint precoding).
Therefore, it seems that the discussion on the feedback categorization is intimately related to the discussion on the transmission schemes to be adopted in COMP discussion, and we should keep that in mind while proceeding the discussion on feedback schemes

	NSN/Nokia
	For JP coherent precoding: we see a need for explicit or implicit channel feedback for all CoMP mode UEs in all cells of the CoMP reporting set.

	Qualcomm
	It looks like the “coordinated” feedback, namely CQI (and probably RI) that reflects cooperative channel quality is needed at the serving (anchor) cell only. Non-serving cells ultimately need to figure out the actual transmission parameters (e.g. beams, PSD) based on “non-coordinated” feedback. The exact mechanism (location) for computing these parameters may depend on a number of factors such as backhaul latency, deployment topology (eg RRH or intra-eNB versus uniform deployment topology), preferred CoMP technique (JP versus CB/CS). For instance, centralized CoMP architecture (e.g. all transmit parameters computed at one location) may be suitable for JP/fast backhaul/intra-eNB while distributed architecture may be suitable in other scenarios (uniform deployment topologies w/ relatively slow backhaul, HeNB). For “non-coordinated” feedback, it would be important to understand whether some feedback (e.g. 1a/1b) needs to be sent by the UE to non-serving cells directly.

	Motorola
	As described above, whether there is the need of any "coordinated information" in addition to "non-coordinated" information, is, in our view, a further optimization for user pairing or MCS determination whose gain is to be  further studied. In our  first  study, the operation using  spatial correlation feedback is based only on non-coordinated information.  The details of what  feedback is assumed, the feedback mechanism and modeling, and eNB coordination/precoding/scheduling algorithms can be found in R1-091936.  The overhead and performance improvement using additional  "coordinated  information" feedback for CoMP  should be studied further. Some form of post-CoMP CQI feedback may be useful as opposed to using predicted CQI only. The post-CoMP CQI may be estimated from DRS in previous scheduled transmission or derived from CSI-RS based on some CoMP assumption. Further study is needed once we understand better the content of non-coordinated  information.

	ETRI
	Information needed at the CoMP transmission point(s)
    - For coherent JP:
      - explicit channel feedback, f(H1,w), f(H2,w), e.g.  option A,
       - or explicit/implicit channel feedback, f(H1’,H2’,w’). e.g. options B, C, and D plus additional     coordinated information
    - For non-coherent JP and CS/CB:
      - explicit/implicit channel feedback, (H1,w), f(H2,w). e.g., options A, B, C, and D
Information needed at other cells in the CoMP cooperating set  
  - CS/CB: explicit/implicit channel feedback, f(H1,w), f(H2,w). e.g., option A, B, C, and D


More discussion is needed about where different feedback information is needed in the network.
2.3
UL CoMP

Some discussions took place in the last RAN1 meeting regarding the modelling of UL CoMP in system simulations.  The proper modelling of ISI has been identified to potentially change the UL CoMP gain predictions.

· What type of ISI modeling is seen necessary for UL CoMP evaluations? 

	Company
	Comments

	ALU
	There should be at least one case for small cells where the ISI can be excluded. Some checks on link-level would be useful. Regarding whether normal CP configuration can be sufficient also for larger cells we want to point out that this might be an implementation issue and a question of effort in the eNB. Interfering UE's e.g. might in base band also be received in their respective time-base

	Huawei
	The ISI model should be taken into account in UL CoMP evaluations. If following the TA procedure in R8, UE UL arriving time refers to the starting time of the receiver window at serving cell. Due to shadow fading, the arriving time at the coordinated cell might be earlier than the starting time of the receiver window, which will bring some degradation. The ISI model proposed in R1-091798 takes both earlier arrival and later arrival into account. The later arrivel limit might be quite small for small cell scenario. The suggestion of ISI model in UL is to reach a reasonable evaluation on UL CoMP gain, if it is decided to evaluate UL CoMP for ITU submission.
In addition, regarding Christian's point on implementation issue, the coordinated TA mostlikely will not impact the PHY layer, but probably a little in higher layer. If RAN1 agrees on that, it is up to RAN2 to figure out whether it is pure implementation issue or not

	Sharp
	Channel based on pedestrian speeds, cell sizes for Urban Macro-cell/Microcell should determine characteristics required to describe ISI

	Samsung
	UL CoMP should consider the  propagation delays differences between the links from CoMP UE to different reception cells.  We need to clearly understand whether or not the typical UL COMP scenarios will see a large difference in terms of the relative timing of the signal received at different reception cells.   In addition, some concrete understanding in the performance benefit of UL COMP scheme  will be desirable before we dig too deep into enabling channel/parameter modeling or control signaling

	CATT
	This could be a good consideration on UL CoMP evaluations if ,as asked by Samsung, UL CoMP may have the unbearably large propagation delay difference within its assumed scenarios

	Qualcomm
	We would like to better understand the impact of differential delays on CoMP performance before we can recommend ISI modeling as part of the common evaluation methodology


We need to clearly understand whether or not the typical UL COMP scenarios will see a large difference in terms of the relative timing of the signal received at different reception cells.   In addition, some concrete understanding in the performance benefit of UL COMP scheme  will be desirable before we dig too deep into enabling channel/parameter modeling or control signaling. 
Proposal 

Further understanding on the effect of ISI from large relative delay differences at the receiving points is needed. The prioritization of this work can look at how likely UL CoMP will be required for meeting the ITU and 3GPP internal targets for the UL. 
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