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1. Introduction 
The recently agreed WID on DL COMP [1] captured the following aspects to be studied for standardized CoMP in LTE Rel.11: 
…
· Specification in support of DL CoMP operation potentially including: 

· Enhancements and requirements on downlink reference signals 

· enhancements to improve interference measurements

· enhancements to identify and measure the downlink channel status of multiple transmission points
· consider performance requirements for flexible mapping of antenna ports to transmission points

· PDCCH extension and other enhancements on downlink control signalling
· UE feedback scheme and related measurements

· individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded. 

· potential enhancement of SRS for CSI measurement at eNodeB exploiting channel reciprocity 

· all schemes will be developed assuming that the UE reports CSI feedback based on the assumption of single-user transmission. This assumption causes no restriction on the SU/MU scheduling decision at the eNB when the PDSCH is demodulated based on UE-specific RS.
In this contribution we discuss several issues related to downlink control signalling for CoMP. Rel.11 CoMP is expected to rely on DMRS-based precoding similar to that of TM9, hence it is natural to consider the DCI 2C as a starting point for the control format design. Most of the control fields could be re-used straightforwardly (e.g. resource allocation, MCS/TBS), except a few aspects that may require another look:
· mapping of antenna ports to transmission points,
· potential need of indication of the transmission points, in case of DPS and JT.
2. CoMP DL control signalling
2.1. General Design Guideline

In the CoMP SI phase a large number of CoMP schemes and scenarios have been investigated, which differ in: 
· Cell-ID configuration: transmission points may have different Cell-IDs (Scenario 1/2/3) or the same cell-ID (Scenario 4). 

· Transmission schemes: joint transmission (JT), coordinated beamforming/scheduling (CB/CS), and dynamic point selection (DPS). 
It is reasonable to strive for a unified DCI format for CoMP transmission schemes and scenarios eventually supported in Rel.11. This helps to reduce the specification efforts, simplify work in other working groups and is important considering the tight timeline for finishing Rel.11 specification. 
Proposal:
· A unified DCI format for all CoMP schemes and scenarios in Rel.11 is desirable.
Fortunately this appears quite feasible thanks to the introduction of DMRS. With non-codebook-based precoding, MIMO becomes UE-transparent to a large extent, where a UE only needs to know the DMRS ports mapping for PDSCH demodulation.  Other factors (e.g. physical antennas for PDSCH transmission, precoding vectors) are often irrelevant in this regard. Such properties make it possible to substantially simplify the DL control design of CoMP, possibly re-using that of DL MIMO.
Selection of CoMP transmission scheme is usually an eNB implementation choice depending on the system conditions. It is possible to schedule different UEs with different CoMP schemes in one subframe based on their respective channels. Hence, dynamic switching between different CoMP schemes is possible on a UE-specific basis, especially for DPS and CB/CS. A notable exception is CoMP JT where different points may have different control region sizes and CRS frequency shifts and thus requires special treatment. These problems are less severe if JT is restricted in MBSFN subframes only; however such scheduling restriction will compromise its performance gain. 
Observation:

· DMRS-based beamforming, to a large extent, can be UE-transparent.
· The exact CoMP scheme may be UE-transparent due to DMRS, so dynamic switching between CoMP schemes is possible. An exception is coherent JT that requires special treatment due to e.g. different control size, CRS frequency shifts. 
2.2. Mapping of antenna ports 
CoMP entails centralized processing for improved interference management. Note such “centralized processing” is a high-level concept that includes JT, CB/CS, and DPS. This allows for the possibility of enhanced MU-MIMO deployment by flexible association of transmission points to different users, considering the increased antenna array size and the larger user pool for increased MU diversity. 
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Fig. 1

Rel.10 MU-MIMO is limited by two orthogonal DMRS ports (7/8) and two non-orthogonal scrambling sequences (nSCID = 0/1). The underlying assumption is that signals are transmitted from the same macro basestation, hence the pathloss of two PDSCH transmissions are identical at every UE receiver. For CoMP (e.g. Scenario 3/4), user multiplexing can be further facilitated by the fact that each low-power RRH has a limited coverage area and that interference between different RRHs quickly diminishes in the spatial domain. For example in Figure 1, the interference between (RRH-A, UE-A) and (RRH-B, UE-B) could be sufficiently low due to the spatial separation. It is therefore worthwhile to study enhanced MU-MIMO support, by extending the scrambling ID (nSCID) configuration.
Proposal: 

· Consider the possibility of extending the scrambling ID configuration of DMRS to enhance MU-MIMO multiplexing, especially for Scenario 3/4 with low-power RRH.
· Consider the possibility of higher-layer configuration of scrambling ID in addition to dynamic signaling. 
2.3. Signaling of CoMP transmission points
The physical transmission points that transmits PDSCH to a UE may change dynamically based on the UE’s channel condition, e.g. in JT or DPS. Whether this needs to be known by the UE impacts the DCI format.   
As discussed above, a UE doesn’t need the actual precoding vector and transmission point information in PDSCH demodulation, analogous to Rel.10 DCI 2C. The only parameter tied to transmission point appears to be the scrambling of DMRS/PDSCH, which in Rel.10 is a function of the cell-ID. For CoMP Scenario 4, as all Tx points have the same cell-ID, PDSCH procedure could simply re-use that of TM 9. For Scenario 1/2/3 with different cell-ID, a simple solution would be to perform scrambling on different transmission points based on a common scrambling configuration (e.g. by serving TP cell-ID). Therefore from the UE’s perspective, it looks as if the PDSCH is transmitted from a single point although the radio signal is actually from multiple points. Such transparency obviates the need to signal the actual transmission points in the DL grant. Therefore, PDSCH scrambling/mapping can be left as an eNB implementation issue in most cases. 
Observation: 
· From the PDSCH demodulation perspective, CoMP transmission points could be UE-transparent. 
· For CoMP JT, some aspects related to different points (e.g. control size, CRS shift) may require special attention.
3. Conclusions

In this contribution we discussed various issues related to downlink control signaling for Rel.11 DL CoMP. Our current views and proposals are summarized below:

· A unified DCI format for all CoMP schemes and scenarios is desirable.
· Consider the possibility of extending the scrambling configuration of DMRS to enhance MU-MIMO multiplexing, especially for Scenario 3/4 with low-power RRH. Consider the possibility of higher-layer configuration of scrambling in addition to dynamic signaling. 
· From the PDSCH demodulation perspective, transparency of transmission points and CoMP schemes are possible to a certain extent. The exception is coherent JT. 
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