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1. Introduction

Since in 3GPP RAN1#66bis meeting downlink control signaling for CoMP was discussed but no conclusion has been reached, this agenda item has not been discussed for a long time. It was suggested to continue the investigation of the signalling requirements of the CoMP framework.  Based on this progress, we further investigate specifying downlink control signalling for CoMP. This contribution presents our views on some of these potential modifications on RRC or DCI signalling.
2. RRC signaling for CoMP
2.1  Measurement Set

CoMP measurement set refers to number of CSI-RS resources from which the UE measures channel part of the CSI.  Considering tradeoffs between the complexity and performance gain, size of 3 is a good choice for CoMP measurement set [1].  CoMP measurement set and its corresponding CSI-RS resources configuration should be configured by RRC signalling.  CSI derivation is not only related to the channel characteristics but also related to the interference.  Interference measurement resource (IMR) should be configured to UE as well.  More details about IMR configuration are discussed in [2].  The UE should measure and report CSI based on the CoMP measurement set and IMR configuration.  
Proposal 1: CoMP measurement set is configured by eNB through RRC signaling. UEs should measure and report CSI based on configuration of measurement set and IMR.  
2.2 Signaling for resolving PDSCH/PDCCH collision
For JT-CoMP, the starting position of the PDSCH for the CoMP UE might not be aligned among all CoMP transmission points.  In addition, DPS can be performed over different RB pairs independently in the same subframe.   Since different transmission points may possess different number of PDCCH symbols, the UE needs to know PDSCH start symbol corresponding to each transmission point or the network side has to make sure the PDSCH start symbol is aligned in all transmission points.   A possible way to tackle this issue is to inform UE the PDSCH start symbol with semi-static signalling.  Different points transmit PDSCH according to the configured PDSCH start symbol to UE.
Proposal 3: RRC signalling should be considered to indicate PDSCH start symbol.
2.3 Codebooks restriction sets

Points in measurement set are geographically separated.  It is more flexible to allow different points  configuring the same UE with different codebook restrictions to realize interference avoidance/cancelling.  Through RRC signaling to inform UE the codebook restriction sets corresponding to different points, the UE can determine the feedback overhead according to the number of codebooks in the codebook restriction set of each point. It can be more beneficial for UEs to report a coarser PMI for coordinating point. If actual feedback overhead can adapt to the codebook restriction, this can also help to reduce overall feedback overhead. 

Proposal 4: Multiple codebook restriction sets corresponding to multiple CSI-RS configurations can be informed to UE by RRC signaling to allow more flexible coordination and potentially to reduce feedback overhead.
2.4 PMI/RI enabling set
Another consideration is to have multiple sets of signaling for PMI/RI enabling corresponding to different points.  UE can feed back PMI/RI or not according to whether the corresponding point configures the UE with PMI/RI enabled.  This has the advantage of having the flexibility on feeding back CSI to the points which can’t rely on channel reciprocity (e.g. because SRS can’t reach those points due to UL/DL imbalance).  While for some other points that channel reciprocity is good enough, PMI/RI reporting can be disabled to reduce overhead. 
Proposal 5: Multiple signaling of PMI/RI enabling corresponding to different points can be configured to CoMP UEs through RRC signaling.
3. DCI signaling for CoMP
DCI signaling is an effective way of conveying information to UE dynamically.  The information can be information of triggering aperiodic feedback, rate-matching information due to different CRS patterns or DMRS port-layer mapping.   However, overhead of DCI can be a concern if too much information is added.  There are two ways to save DCI overhead:

1. Reuse or joint-code with the current DCI parameters.

2. Do partial configuration semi-statically to limit the options which can be dynamically selected.

In this section, we discuss the potential information which can be added in DCI signaling for CoMP.  This information does not necessarily increase overhead in some cases as the above two methods can be used.
3.1  DCI signaling for triggering aperiodic feedback
Because of limited PUCCH resources, it is more appropriate to get more detailed CSI information from aperiodic PUSCH feedback.  eNB can trigger aperiodic feedback according to the need in different situations.  Triggering information like point selection for aperiodic CSI-report, inter-point feedback, aggregated CQI, interference/blanking assumptions can be introduced in the DCI information so that eNB can trigger the aperiodic feedback to obtain different types of CSI information more flexibly.  To reduce DCI overhead, partial information of triggering aperiodic feedback can be put in RRC configuration.  As shown in figure 1, RRC signaling can be used to down-select CQI reports with different signal and interference hypothesis to a limited number of combinations.

Proposal 5: DCI signalling for triggering different types of CSI information in aperiodic feedback can be considered for supporting CoMP more flexibly.
	
	Signal hypothesis
	Interference hypothesis

	CQI Report 1
	TP1
	IMR-1

	CQI Report 2
	TP2
	IMR-2

	CQI Report 3
	TP3
	IMR-3

	CQI Report 4
	TP1 & TP2
	IMR-4

	…
	…
	…

	CQI Report N
	TP1 & TP2 & TP3
	IMR-N



	DCI bits
	CQI report selection

	00
	CQI Report A

	01
	CQI Report B

	10
	CQI Report C

	11
	CQI Report D


Figure 1 Down-selection of CQI report by RRC signalling
3.2 Signaling for resolving collisions of PDSCH/CRS or PDSCH/zero power REs 
For CoMP transmission schemes like JT or DPS, PDSCH for a CoMP UE suffers interference from CRS of CoMP coordinating points due to different cell-specific reference signal frequency shifts in scenarios 1, 2 and 3.  Also, zero power CSI-RS REs can be different in the coordinating points especially if we consider using zero-power CSI-RS for interference measurement.  The UE doesn’t know zero power CSI-RS setting from the coordinating points.  If the transmission set (which corresponds to certain CRS and zero-power CSI-RS patterns) is transparent to the CoMP UE for JT/DPS, the UE doesn’t know how rate matching is done on the network side.   This can potentially cause significant performance degradation.  One possible way is to avoid scheduling CoMP UEs in the subframes with these collisions issues.   Another possible way is to do the rate-matching assuming the worst case scenarios.  However for both cases, this will reduce the possible resources for CoMP.  Therefore, it is preferable to inform UE the rate-matching information.  
To reduce DCI overhead, we can limit the rate-matching choices in RRC configuration first.  e.g. Allow only four choices to be selected dynamically and these four choices can be defined based on the RRC configuration as shown in figure 2. Another way is to put some restriction on the cases which this rate-matching information is available, e.g. for lower ranks cases only so that some of the DCI states for higher ranks can be re-used for rate-matching information.
	Rate-matching Pattern 1
	CRS pattern 1
	Zero power pattern 1

	Rate-matching Pattern 2
	CRS pattern 2
	Zero power pattern 1

	Rate-matching Pattern 3
	CRS pattern 3
	Zero power pattern 1

	Rate-matching Pattern 4
	CRS pattern 4
	Zero power pattern 1

	…
	…
	…

	Rate-matching Pattern N
	CRS patterns 2 & 3 & 4
	Zero power pattern K



	DCI bits
	CQI report selection

	00
	Rate-matching Pattern A

	01
	Rate-matching Pattern B

	10
	Rate-matching Pattern C

	11
	Rate-matching Pattern D


Figure 2 Down-selection of rate matching pattern by RRC signalling
Proposal 6:  Dynamic signaling should be considered to inform UE the rate-matching information considering resource collisions among the transmission points. It can be combined with RRC signaling to get entire rate-matching information.
4. Conclusion

This contribution discusses the specification impact on CoMP in terms of downlink control signalling. We identified potential DL control signalling changes and the corresponding proposals are summarized as below:
Proposal 1: Restricting the size of channel measurement set equal to 3 is a good choice.
Proposal 2: RRC signalling should be considered to indicate PDSCH start symbol.
Proposal 3: Multiple codebook restriction sets corresponding to multiple CSI-RS configurations can be informed to UE by RRC signaling to allow more flexible coordination and potentially to reduce feedback overhead.
Proposal 4: Multiple signaling of PMI/RI enabling corresponding to different points or IMR can be configured to CoMP UEs through RRC signaling.
Proposal 5: DCI signalling for triggering different types of CSI information in aperiodic feedback can be considered for supporting CoMP more flexibly.
Proposal 6:  Dynamic signaling should be considered to inform UE the rate-matching information considering resource collisions among the transmission points. It can be combined with RRC signaling to get entire rate-matching information.
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