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Introduction
DL/UL control signalling for downlink CoMP was discussed in RAN1#70, where the following agreements were reached:

Agreements: 
· Introduce new TM10 for CoMP
· If any new DCI signalling is needed for CoMP, use a new DCI format based on Format 2C; otherwise use Format 2C
· In TM10, the UE monitors the above DCI format and Format 1A

For DL control signalling, the main outstanding issues are signalling of CRS for PDSCH rate-matching, and signalling of quasi co-location assumption of CRS, CSI-RS and DRMS. For uplink control signalling, the main remaining issue is aperiodic CSI triggering. In this contribution we discuss these remaining issues.

DL control signalling
It is the common understanding that CoMP is used for cell-edge UE with low SNR range and limited cell coverage. Therefore, it is desirable to minimize the DCI payload increase and reduce the degradation to control signal coverage. Secondly, for unified support of different CoMP deployment scenarios, it is preferable to avoid any unnecessary assumption on the CRS antenna ports number on various TPs. This is to reduce the impact to legacy Rel.8/9/10 UE and Rel.11 UE not in CoMP operation, which constitute most of the UE population in both macro and heterogeneous deployments. 
Two main proposals regarding PDSCH RE mapping and quasi co-location assumption are summarized below:

Alt1: 
· For all the PRBs of the scheduled PDSCH, signaling provides the UE assumptions for PDSCH mapping and PDSCH detection:
· The PDSCH mapping follows the Rel-8 mapping around the signalled CRS REs instead of the serving cell’s CRS REs
· Signaling uses 2 bits in a DL DCI format that supports DL CoMP:
· Each state corresponds to a higher-layer list of parameters, consisting of:
· a number of CRS ports (0, 1, 2, 4)
· For number of CRS ports > 0, the CRS the frequency shift
.
The pros and cons of this scheme are given below:
· Pros:
· Applicable to 2-TP and 3-TP coordination
· Cons:
· 2-bit DCI payload increase, degraded control channel coverage.
· Inflexible support of JT transmission. For instance, assume two TPs performing JT, where TP-1 has 2-port CRS and TP-2 has 4-port CRS. JT transmission needs to perform PDSCH rate-matching around a combined pattern of 6 CRS ports. However, this is not supported by the current proposal, as the number of CRS port is limited to {0, 1, 2, 4}.  


Alt-2: 
· RRC signalling provides the following information: 
· Signalling identifies at least the frequency shift 
· Number of CRS antenna ports 
· MBSFN subframes 
· FFS on reusing FeICIC RRC signalling for CRS interference handling
· Configure two sets of PDSCH RE mapping patterns for dynamic switching
· nSCID bit is used to dynamically select the PDSCH RE mapping pattern between the two patterns configured by higher layers.
	nSCID 
	PDSCH RE mapping 

	0 
	PDSCH RE mapping pattern 0 configured by higher layers 

	1 
	PDSCH RE mapping pattern1 configured by higher layers 



The pros and cons of this scheme are given below:
· Pros:
· No DCI payload increase; no degradation of DL control signalling. 
· Supports JT from multiple cells with different CRS ports and frequency shifts, assuming that such mapping pattern is configurable by higher-layer.
· Cons:
· Only two CRS patterns are signalled, which may imply 2-TP CoMP. However, considering that the percentile of CoMP UEs eligible for 3-TP coordination is extremely limited, and that 3-TP coordination does not present significant performance gain over 2-TP coordination, such a restriction may not be result in any realistic performance difference. Furthermore, it may be possible to configure one of the higher-layer configured PDSCH RE mapping to be around a combined CRS pattern of 2 cells, which solves the problem. 

Given these considerations, Alt-2 is slightly preferred. 

Another remaining issue is the PDSCH RE mapping during fall-back (e.g. DCI 1A). In this case, one may rate-match according to the 1st higher-layer configured PDSCH RE pattern, or around the serving-cell CRS. A related issue was discussed in the last meeting regarding DMRS scrambling sequence during fall-back where it was concluded that scrambling shall follow the serving-cell PCI to avoid any RRC re-configuration ambiguity. Likewise, PDSCH rate-matching should assume serving-cell CRS if PDSCH is scheduled by DCI format 1A. 

UL control signalling
It was agreed in previous meetings that for 2-bit CSI request field in DCI format 0 (in USS) and DCI format 4, each codepoint corresponds to a set of candidate CSIs configured by RRC. Configuration of candidate CSIs should be left to higher-layer and is out of the scope of RAN1.
When CoMP and CA are configured for one UE simultaneously, the past agreements on single-carrier CoMP can be straightforwardly extended. In a nutshell, the candidate CSI reports corresponding to each codepoint of the 2-bit triggering field is configured by RRC higher-layer, as the association of a CSI-process ID and carrier index. Note that a working assumption was reached in the last meeting that the CSI-process ID shall be independently configured per CC. 
For 1-bit triggering in DCI format 0 in the CSS, the payload content of the report is FFS. To finalize the issue one may consider reusing the principle of CSI triggering for carrier aggregation in Rel.10. For Rel.10 CA, the 1-bit triggering in DCI 0 in CSS is used to trigger aperiodic feedback for the primary cell. One of the main reasons for this agreement is that the DCI 0 in the CSS is usually reserved for fall-back operation, e.g. RRC reconfiguration or severe channel degradation. For such UEs, maintaining reliable connection to the network is more important than optimizing the CSI feedback. Following the same consideration, the 1-bit triggering field should used to trigger single-point CSI on the primary cell (e.g. CSI-process with the lowest CSI-process ID) for UE configured in CA/CoMP simultaneously. 

Proposal:
· For UE configured with CoMP and without CA (e.g. a single CC), 1-bit triggers single CSI report with the lowest CSI-process index. 
· For UE configured with CoMP and CA simultaneously, 1-bit triggers single CSI report for the primary cell with the lowest CSI-process index. 

Conclusions
In this contribution we discussed remaining issues on DL/UL control signalling for downlink CoMP. Our preferences are summarized below.

Proposal:
· DL grant for PDSCH RE mapping and quasi co-location assumption
· DCI dedicated to TM 10
· Decide between an increased DCI format with 2-bit dynamic CRS signalling, or reusing nSCID bit in DCI format 2C. 
· DCI 1A
· PDSCH rate-matching following serving-cell CRS.
· UL grant for CSI triggering
· For UE configured with CoMP and without CA (e.g. a single CC), 1-bit triggering triggers single CSI report with the lowest process index. 
· For UE configured with CoMP and CA simultaneously, 1-bit triggering triggers single CSI report for the primary cell with the lowest process index. 
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