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1. Introduction

Downlink control signalling for CoMP primarily addresses the indication of CRS pattern associated with multiple transmission points, with which a UE may infer the PDSCH rate-mapping.  This issue was discussed in RAN1#69 and the following agreements were reached: 
Agreements
· Provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 

In legacy single-cell transmission, PDSCH is rate-matched around CRS of the serving cell. The frequency shift is signalled by the cellID obtained from PSS/SSS, and the number of CRS antenna ports is signalled by PBCH. For Rel.11 CoMP Scenario 1-3, it is possible that different transmission points (cells) use different CRS ports/shifts. Since the set of transmission points used for PDSCH transmission may change dynamically, it needs to be discussed whether additional signalling (other than serving cell PBCH/PSS/SSS) is needed to indicated the CRS shift/port. If additional signalling is needed, RRC or dynamic signalling can be used. In this contribution we provide our views on these issues. 

2. General observation
It is first noted that CRS pattern signalling is only pertinent to Scenario 1-3 where different points are associated with different cellIDs. For CoMP scenario 4 with common cellID, legacy signalling is sufficient where UE assumes serving cell CRS for rate-matching. This would allow CoMP Scenario 4 to share a common transmission mode and DCI format with single-cell transmission. From the PDSCH demodulation perspective, transparency between single- and multi-point transmissions is highly desirable in terms of specification and implementation simplicity.
Observation:

· No additional signalling of CRS frequency shift and antenna port is needed for CoMP scenario 4, where true transparency can be achieved between CoMP and non-CoMP transmission. 
· TM9 could be reused at least for Scenario 4. 

In the sequel, we focus on Scenario 1-3 regarding CRS signalling.
3. Signalling of CRS pattern

Signaling of CRS pattern (e.g. frequency shift and antenna port), if necessary, could be achieved in several ways:
· Legacy signaling: 
CRS frequency shifts and ports are signaled by the PBCH/PSS/SSS of the serving cell. PDSCH is rate-matched around the serving cell CRS. DCI format 2C is used for CoMP.
· RRC signaling:
 Higher layer configures a set of single-point CRS patterns, where PDSCH is always rate-matched around the aggregated CRS pattern. DCI format 2C is used for CoMP.
· Dynamic signaling: 
A new DCI format is designed to dynamically indicate the CRS pattern. 
3.1. Legacy signaling

This is the simplest solution from control signaling perspective. CoMP will be supported by existing transmission mode TM9, and DCI 2C is reused. Complete transparency between CoMP and non-CoMP operation is ensured from the PDSCH demodulation perspective. No specification work is envisioned in RAN1.
For cases where different transmission points have different CRS position, CoMP transmission could be scheduled in up to 6 MBSFN subframes where the data region consists of no CRS. Alternatively CoMP could be also scheduled in the 4 non-MBSFN subframes if CRS of the PDSCH transmitting point is a subset of that of the serving point. As such CoMP scheduling becomes entirely an eNB implementation issue.
Concern has been raised over the scheduler limitation when CoMP transmission is scheduled in the 6 MBSFN subframes in every radio frame. The severity of such restriction should be thoroughly evaluated and weighed against the additional specification efforts of explicitly signalling CRS position. From the previous evaluation results, the percentage of cell-edge CoMP UE seems quite limited in both homogeneous and heterogeneous deployment, e.g. in the range of 0 – 20%. Reserving up to 60% of the subframes appears to far outweigh the CoMP UE percentage and it is unclear if there is any realistic scheduler limitation.
Another concern on the scheduler restriction is a low-loaded scenario where there are only a few UEs, all of which happen to be at cell-edge. First of all it should be discussed if this is a typical real-life case that warrants significant specification efforts, especially at a late stage of Rel.11. Secondly, CoMP primarily benefits high-interference deployment where neighboring cells constantly transmit PDSCH data causing significant inter-cell interference. For the aforementioned case, it may be more advantageous to schedule PDSCH transmission from a single cell at a time and avoid scheduling data transmission from the other cells in the coordination cluster (e.g. blanking) to completely avoid strong intercell interference. Benefits of this simple blanking mechanism have been well demonstrated in previous studies on CoMP dynamic point selection/blanking and time-domain ICIC techniques in heterogeneous networks. As such it’s unclear if scheduler limitation is a realistic concern.
Observation:

· Legacy CRS pattern signaling appears sufficient for a wide range of practical CoMP deployment. 
· From PDSCH demodulation perspective, CoMP can be supported in a standard transparent manner by reusing TM9.
3.2. RRC signaling

The higher layer configures a set of N (N<=3) single-cell CRS patterns, where the frequency shifts and antenna ports could be different for each of the N per-cell CRS pattern. PDSCH is rate-matched around the combination of the N per-cell CRS patterns, regardless of the set of actual transmission points used for PDSCH in a subframe. Similarly, CoMP can be supported with an existing transmission mode and DCI format, and there is no major specification effort in RAN1. The disadvantage is that the spectral efficiency might be adversely impacted if the actual set of transmission points does not fully occupy the CRS pattern reserved by RRC higher layer.  
3.3. Dynamic signaling

With this approach, a new DCI format is introduced to dynamically indicate the CRS pattern of the transmission point transmitting PDSCH, e.g. by adding a new field in DCI 2C. Compared to the other two schemes, it offers better frequency resource usage because the CRS overhead can be accurately reflected in PDSCH rate-matching. The drawback is the increased DCI size and compromised downlink control coverage. As CoMP primarily targets cell-edge UE with poor radio link quality, the impact of DL control coverage on the system throughput needs to be carefully evaluated. 
The degradation of DL control coverage is dependent on the length of the bit field for CRS shifts/ports indication, which relates to:
· Frequency shift, 
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· Number of CRS ports 
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= 1, 2, 4 for different TP.  It is noteworthy that the case of 0-port CRS (
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 = 0) might also need to be considered for future-proof support of non-backward component carriers without any configured CRS.  
Pure dynamic CRS indication therefore requires a total of 
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bits, which is clearly undesirable for control channel coverage. Alternatively, it is possible for the higher-layer to semi-statically configure a subset of single-cell CRS patterns, where dynamic signaling indicates the single-cell CRS pattern. This reduces the CRS signaling field to 
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Explicit signaling MBSFN subframe is not needed in our view. Instead, one code-point could be reserved for “no CRS”.  Note that this can also be used for future non-backward-compatible carrier where non-MBSFN subframe may not consist of CRS at all. In summary, if dynamic indication of CRS is adopted, a 2-bit signaling field can be appended to DCI 2C as given in Table I.
Table I: Mapping between the 2-bit CRS pattern signaling field and CRS pattern for PDSCH rate-matching

	CRS pattern signaling field
	CRS pattern assumed for PDSCH rate-matching

	00
	PDSCH rate-matching around the serving point CRS

	01
	PDSCH rate-matching around the 1st single-cell CRS pattern

	10
	PDSCH rate-matching around the 2nd single-cell CRS pattern

	11
	PDSCH rate-matching assuming no CRS 


4. Conclusions 
We discussed the signaling of CRS frequency shifts and antenna ports for PDSCH rate-matching.  
· Our first preference is to reuse the legacy signaling where UE always assumes the serving cell CRS for rate-matching. In our view this simple solution is sufficient for most foreseeable CoMP deployment scenarios, results in minimum RAN1 specification efforts, and enables complete transparency between CoMP and single-cell operation. 
· If dynamic CRS indication is considered necessary, the bit length of the CRS signaling field should be minimized to limit the impact on downlink control coverage for cell-edge CoMP UEs. The higher-layer may configure a set of single-cell CRS patterns, one of which is indicated dynamically. A possible mapping table with 2-bit indication is given below. No explicit signaling of MBSFN subframe is needed.
	CRS pattern signaling field
	CRS pattern assumed for PDSCH rate-matching

	00
	PDSCH rate-matching around the serving point CRS

	01
	PDSCH rate-matching around the 1st single-cell CRS pattern

	10
	PDSCH rate-matching around the 2nd single-cell CRS pattern

	11
	PDSCH rate-matching assuming no CRS 
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