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1
Introduction
This contribution provides our views on downlink control signaling aspects for CoMP.  Further, we also discuss our preference for introducing a new transmission mode in support of CoMP, which in our view would facilitate the inclusion of new CoMP-specific features.  
Companion papers address other remaining CoMP design aspects [1]-[6].  
2
Signaling changes to support CoMP
Although some aspects of the feedback design still remain to be agreed, the overall CoMP framework is taking shape and allows for initial discussions regarding CoMP control signaling. 

2.1
DCI formats

In our view, it is important to proceed based on the proven design principles of previous releases, which strove for transparency and limited the number of DCI formats to the smallest number possible.  A good example for this design guideline is Rel-10 MU-MIMO operation.  The co-scheduling of multiple UEs on the same time/frequency resources can be entirely transparent to the UE, and a single DCI format supports the corresponding TM9 transmission mode. 

We envision that similar design principles will also prove valuable in Rel-11.  At this point, based on recent agreements on CoMP feedback and reference signals, it does not seem necessary to introduce a new DCI format.  However, if the addition of a new DCI format is found necessary, a single new DCI format should be targeted. 
Proposal 1: 

· Reuse DCI format 2C without any changes

· If addition of a new DCI format is necessary, a single new DCI format should be targeted for CoMP operation
2.2
PDSCH rate matching in support of multi-cell JP-CoMP
At RAN1#69, the following agreement was reached: 

· 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 this section we provide our views on the remaining FFS items of the above agreement.  Among the open issues the question of how many cells can be included in the rate matching operation warrants special attention.  In particular, it is important to strike a tradeoff between the additional overhead incurred by this operation and the increased flexibility it may provide.  The tradeoff between these factors should further take into account that there are already existing techniques to support JP-CoMP in a multi-cell setting without incurring additional overhead. 
In considering this tradeoff it is important to differentiate among proposals that perform rate matching only around a single CRS configuration and proposals that perform such rate matching around more than one CRS configuration.  In particular, the latter option incurs significant additional overhead, approximately 10% for each additional CRS configuration that is considered.  When comparing with existing techniques, it is important to account for this overhead, as it can be completely avoided with the following exiting techniques:  

1. Restrict JP-CoMP to MBSFN subframes.  The issue of rate matching for JP-CoMP is avoided by restricting CoMP UEs to using MBSFN subframes.  While some of the configured MBSFN subframes may actually need to be set aside for MBMS service, the remainder may be used to facilitate CoMP transmission.  In fact, given that CoMP typically only benefits a small fraction of UEs, a small number of subframes may suffice.    
2. Use a colliding CRS configuration.  In principle, it is unclear whether support for JP-CoMP with non-colliding CRS configuration is needed in a multi-cell setting.  As noted above, doing so incurs additional overhead if rate matching needs to be employed around more than one CRS configuration.  Further, there is little downside to configuring a colliding CRS configuration.  

Given the above techniques and keeping in mind the overhead associated with rate matching around more than a single CRS configuration, we do not see any benefit in supporting such rate matching.  However, in line with the agreement quoted above, there are benefits in enabling a more flexible rate matching around a single CRS configuration.  

Proposal 2: 

· PDSCH rate matching in support of multi-cell JP-CoMP should focus only on a single CRS configuration

· Rate matching around more than one CRS configuration incurs significant overhead that likely outweighs any achievable CoMP gain

The RAN1#69 agreement mentioned above focuses on improving DPS flexibility in multi-cell setups with non-colliding CRS configuration.  In this case it is desirable to switch a UE’s rate matching assumption depending on what cell the UE is being served from.  This setup is illustrated in Figure 1 in which a UE is dynamically being switched between Cell-A and Cell-B.  
To facilitate the switching between both cells, the UE needs to be informed of the CRS frequency shift and the number of CRS ports.  In order to avoid indicating these parameters dynamically, the existing framework of virtual cell-IDs, agreed as part of the DM-RS sequence initialization, may be reused.  This framework has defined two initialization parameters, x(0) and x(1) whose selection is determined by the SCID bit in DCI Format 2C.    
The selection of which cell’s CRS to select for rate matching can be incorporated into the above framework.  Specifically, we propose to configure two sets via RRC-signaling, one associated with each virtual cell-ID.  Each set identifies a CRS configuration for rate matching, including the frequency shift and number of antenna ports.  The UE dynamically determines which set to use depending on the virtual cell ID with which it is dynamically configured (through the SCID bit in the DCI). 
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Figure 1:
In addition to the frequency shift and number of antenna ports it is beneficial for each set to also contain a bitmap that indicates the corresponding cell’s MBSFN configuration.  In that way, the UE can be informed of independent MBSFN configurations across the cells.  It should be noted that such a bitmap may only need to be configured for the cell which is not the UE’s serving cell; for the serving cell the UE is already aware of the MBSFN configuration. 
Proposal 3: 
· Define two RRC-configured sets to identify frequency shift, number of CRS ports, and MBSFN configuration

· Associate each set with one virtual cell ID (i.e., either x(0) or x(1))

· Reuse switching procedure based on SCID bit in DCI format 2C

2.3
CRS-based CoMP operation

While CoMP schemes are expected to generally build on the availability of CSI-RS and DM-RS, CoMP operation in transmission modes other than TM9 can also be envisioned.  In fact, we have observed in evaluations that there is little gain associated with CoMP beam steering algorithms [7].  Consequently, the codebook-based precoding, which has been supported in LTE as of Rel-8, is a viable alternative for CoMP schemes that focus on scheduling coordination.  It is especially attractive for 2Tx antenna setups in which the additional overhead of DM-RS may thus be avoided.  This would reduce the system overhead by approximately 10% which is non-negligible, especially considering the relatively small CoMP gains observed so far.  

In Rel-10, CSI-RS was introduced in TM9 but it is not available for any of the other transmission modes.  In Rel-11, it is beneficial to consider decoupling CSI-RS from TM9 with the objective of allowing CSI-RS based feedback for TMs other than TM9.  In particular, it seems desirable to allow CSI-RS based feedback but CRS-based demodulation, for example by reusing TM4 procedures except for CSI feedback.  
Supporting CSI-RS based feedback but CRS based demodulation need not have a significant control signaling impact.  For example, if coordinated scheduling is targeted based on the existing Rel-10 codebooks as discussed above, no impact on control signaling is expected.  For other CoMP schemes, some changes to downlink control signaling would be needed to inform the UE which cell’s CRS (or which combination of CRSs) to use for demodulation.  The impact associated with such additional control signaling is limited though and the specifics of the signaling could be aligned with carrier aggregation.  Further, it is not necessary that all types of CoMP schemes support CRS-based demodulations as DM-RS based CoMP transmission would also be available.  This could further limit the specification impact.  
Proposal 4: 
· Support CRS-based demodulation for CoMP as an attractive way of reducing system overhead, especially for 2Tx antenna deployments

· Consider CSI-RS based feedback reporting but CRS-based demodulation to benefit from Rel-11 enhancements such as improved interference estimation.  Except for feedback, reuse TM4 procedures.  
3
CoMP transmission mode

In Rel-11 the specification of CoMP is bringing changes primarily to CSI feedback reporting.  The framework of per-CSI-RS-resource feedback and the introduction of the concept of interference measurement resource (IMR) may be considered as cornerstones of CoMP operation. 
Supporting the above concepts in Rel-11 specification may be accomplished in two ways: 
· Alt-1: Modify TM9 operation to include the above concept, e.g., by introducing additional configuration parameters. 

· Alt-2: Introduce a new transmission mode, TM10.  Do not modify TM9 operation. 

In our view Alt-2 is easier to implement from a specification viewpoint and avoids any potential confusion between Rel-10 TM9 and Rel-11 CoMP operation. 

Proposal 5: 

· Introduce a new transmission mode, TM10, to support CoMP in Rel-11. 

4
Conclusions

In this contribution, we have discussed control signaling aspects and made the following observations and proposals: 
DCI formats

· Reuse DCI format 2C without any changes

· If addition of a new DCI format is necessary, a single new DCI format should be targeted for CoMP operation
PDSCH rate matching in support of multi-cell JP-CoMP

· PDSCH rate matching in support of multi-cell JP-CoMP should focus only on a single CRS configuration

· Rate matching around more than one CRS configuration incurs significant overhead that likely outweighs any achievable CoMP gain

· Define two RRC-configured sets to identify frequency shift, number of CRS ports, and MBSFN configuration

· Associate each set with one virtual cell ID (i.e., either x(0) or x(1))

· Reuse switching procedure based on SCID bit in DCI format 2C

CRS-based CoMP operation

· Support CRS-based demodulation for CoMP as an attractive way of reducing system overhead, especially for 2Tx antenna deployments

· Consider CSI-RS based feedback reporting but CRS-based demodulation to benefit from Rel-11 enhancements such as improved interference estimation.  Except for feedback, reuse TM4 procedures.  

CoMP transmission mode

· Introduce a new transmission mode, TM10, to support CoMP in Rel-11. 
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