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1. Introduction
Three main categories of CoMP feedback mechanisms have been identified in the RAN1 #56bis meeting,

· 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, assuming recommended transmission or receiver processing

· 2. Implicit channel state/statistical information feedback

· Recommended transmission properties (e.g. CQI/PMI/RI) 
· 3. UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity. 

This documents provides our views on UE feedback in support of (DL) CoMP transmission.

2. Configuration of CoMP Reporting Set

During the email discussion prior to RAN1#57, the possibility of assuming the equivalence between COMP reporting set and the CoMP cooperating set is raised. In our view, whether or not this assumption is adopted depends on the transparency of the CoMP cooperating set to the UE.

· If the CoMP cooperating set is non-transparent to the UE, assuming CoMP reporting set = CoMP cooperating set may be a baseline assumption. 

· If the CoMP cooperating set is transparent to the UE, it is unclear what this assumption implies. It is obvious that the CoMP reporting set has to be known to the UE in order to measure the explicit/implicit channel information. Since the notion of CoMP cooperating set is not meaningful if it is transparent to the UE, it is not to be defined in this context. 
Since the deciding factor is the nature of the CoMP cooperating set, we suggest that the transparency of CoMP cooperating set is first discussed and decided. If it is found that the CoMP cooperating set does not need to be non-transparent, only the CoMP reporting set needs to be defined. Whether this is the case, however, is unclear. 
3. Explicit vs. Implicit Feedback

3.1. Explicit state/statistical feedback
In Type 1a (explicit feedback without UE processing), UE directly measures the Nt x Nr downlink channel and/or interference matrices and reports the instantaneous or statistical information. For Type 1b, some type of UE processing is assumed. For example, pre-determined TX pre-processing or RX equalizer used by the UE is assumed in deriving the explicit state/statistical information, hence the UE feedback is essentially the combined “effective” channel in some form of metric (e.g. SINR). However, it is unclear how this is achieved since such metrics need to incorporate the rank and precoder information. As such, this resembles the implicit feedback (type 2). 

· Theoretically, explicit channel feedback is able to provide the highest possible CoMP gain since the eNB can design the CoMP coordination atthe utmost flexibility. This should be treated as the CoMP performance upper-bound, given the availability of reliable/fast channel feedback and X2-interface.
· UE may measure the downlink channel {Hi, i being the index of the cell in CoMP reporting set} based on the CSI-RS of the corresponding cell. UE then reports the set of matrices {H1, H2, … HN}. This scheme could apply equally to both joint processing (JP) and coordinated beamforming (CB). Alternatively, for coordinated beamforming (CB), UE may report (1) downlink channel associated with the serving cell {H1}, and (2) aggregated interference H2 + … + HN, which may be used to derive the recommended PMIs for the interfering cells. 
· In terms of temporal variation of feedback information, it is understood that explicit state information varies at a faster rate than implicit information (e.g. RI/PMI) which is a relatively longer-term reflection of the channel (e.g. overall geometry, channel correlation, ability to support multiple streams, and beam direction). The sensitivity of explicit state information to over-the-air/X2 delay and UE speed should be borne in mind. In case channel feedback cannot fit in a single reporting instance (subframe), multiple reporting instances are needed and may further add to the sensitivity to channel variation.
· In terms of feedback overhead, the overhead is overall larger than implicit feedback, and typically grows linearly with the number of transmit antennas, number of receive antennas . It may or may not grow linearly with respect to the number of cells in the CoMP set depending on the exact CoMP transmission scheme. Some analysis of reporting overhead and performance trade-off should therefore be beneficial (e.g. [4]).
· If CoMP reporting to the single serving cell is considered as the baseline, more advanced quantization methods are likely needed. Enhanced uplink control channel design (PUCCH/PUSCH) will be helpful to reduce the amount of cycles required for reporting the channel of the full CoMP reporting set and provide more robustness against channel variation/feedback delay. 
· Compared to channel state information, statistical information provides long-term characteristics to the eNB, and hence can be reported at a lower frequency (e.g [6]). It may be used by eNB to establish the SU/MU JP or CB schemes, and to allow better UE paring in the MU-MIMO mode. The feedback overhead is in general significantly less than explicit state information, and is more robust to channel variation. 
3.2. Implicit State/Statistical Feedback
Implicit channel feedback (Type 2) reflects the recommended RI/PMI/CQI which is aligned with the feedback paradigm as in Rel-8. 

· UE reports the recommended MIMO transmission format based on certain knowledge of the CoMP schemes (JP or CB). CSI-RS from the CoMP reporting set is used to derive the implicit channel information, which may be derived based on the UE’s assumption of the downlink CoMP scheme.
· JP: UE reports the recommended RI/PMI for the reporting set, assuming coherent or non-coherent combining.
· CB: UE reports the recommended RI/PMI for the serving cell, as well as (a set of) PMIs for the non-serving cells in the reporting set. The PMIs for the non-serving cells are optimized long with the serving-cell PMI to reduce the co-channel interference and improve the cell coverage/throughput.
· For joint processing, joint feedback (e.g. coherent combining) or disjoint feedback (non-coherent combining) are both possible
· Joint report: UE report a single RI/PMI for the CoMP cooperating set.
· Disjoint report: UE report multiple RI/PMIs to the cells in the CoMP cooperating set.
· It is expected that implicit feedback will achieve suboptimal CoMP joint processing gain compared to explicit feedback. The flexibility of CoMP set establishment and UE pairing in MU-MIMO is also expectedly lower.
· The feedback overhead is in general less than explicit state feedback. For disjoint report, the feedback overhead may also grow linearly with the size of CoMP reporting set, as the implicit information to each cell needs to be reported.  For joint report, only a single joint RI/PMI for the CoMP set is reported, the feedback overhead depends on the codebook size of joint report and is less dependent on the number of cells in the CoMP reporting set. 
· It can be argued that CQI/PMI/RI-based reporting is clearly preferred for non-cooperative transmission as the eNB tends to follow the UE recommendation. For cooperative transmissions, however, it is unclear if this is the case. For instance, the eNB may choose to perform cooperative transmission only from a subset of cells within the active CoMP set. This is possible due to the UE-specific demodulation RS. At the same time, it is unclear if the cooperative set needs to be dynamically adapted as long as the active CoMP set is semi-statically configured. 
A summary of the comparison is given in Table 1.

Table 1: comparison of implicit and explicit feedback

	Aspect
	Implicit feedback
	Explicit feedback

	Flexibility
	· Difficult for eNB to infer the best MCS, TPMI, and TRI if UE recommendation is not followed. 

· Joint transmission with joint precoding/codebook needs to assume a set of cooperative cells

· If UE recommendation is followed, accuracy is better since the report reflects the RX processing (e.g. the type of MIMO receiver).
	· MCS, TPMI, and TRI can be computed via the quantized channels, which can be made eNB implementation specific.

· Type 1a: Inaccurate report since RX processing is not accounted and hence ignores the gain attained by more advanced RX in link adaptation/scheduling.

· Type 1b: Unclear how this is different from type 2 if TX and RX processings are accounted.

	Overhead issue
	· Moderate overhead depending on codebook size


	· Large overhead: involves each Tx-Rx pair, grows linearly w.r.t. to the number of transmit antennas, number of receive antennas, and CoMP reporting set size.

· Scheme to quantize (compress) the channel is needed

	Testing (during working item phase)
	Simpler
	· Tends to be more complicated

· Unclear unless the COMP algorithm at the eNB is standardized.

	Computational burden
	UE-centric
	eNB-centric

	Reporting mechanism
	Larger codebook may need differential reporting/scanning
	Differential reporting/scanning is inevitable

	Sensitivity to feedback delay / and feedback cycles
	Low
	high


4. Conclusions
This contribution provides some further discussion and analysis on various aspects of the UE feedback for CoMP, particularly 

· Explicit channel state/statistical feedback

· Implicit channel state/statistical feedback

Both methods have their pros/cons in terms of the flexibility in CoMP support, feedback overhead, and sensitivity to channel/interference variation. If RAN1 is required to select one and only one mode, some further discussion may be needed to understand the importance of each factor, which is also dependent on the details of the final CoMP solution. Since the perceived type of DL COMP algorithm is unclear at the moment, we recommend that both paradigms be included in the study item phase, especially for the ITU-R submission.   
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