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1. Introduction
The CoMP Work Item [1] was approved in RAN plenary 53. The work for specifying CoMP support in Rel-11 should focus on: 

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking 
· Joint transmission

A UE receives PDCCH from its serving cell, but may receive the PDSCH from any transmission point in the CoMP set (or any combinations of TPs). For CoMP scnearios 1,2 and 3, these TPs belong to different cells that may have different CRS configurations. Different cells also have different PDCCH lengths, so the sets of REs that these TPs may use to transmit the PDSCH to the UE are different. In RAN1#69, the issue of PDSCH RE mapping was discussed in [2,3,4,5].
In this contribution we provide our views on how to map the PDSCH RE.
2. Discussion
2.1. RE mapped with respect to CRS RE
RAN1#69 reached the following agreement regarding CRS positions: 
· 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. 

When the PDSCH is transmitted from a single TP in the DPS or DPB case, the UE can map the PDSCH RE around the CRS positions of the TP and perform rate matching. It is desirable to have a unified solution that can handle all three CoMP transmission modes in all the scenarios. For scenario 3, it is possible that the macro cell and the pico cell have different number of CRS ports. There can be 4 CRS ports on the macro-cell and 2 CRS ports on the pico-cell. It is 
necessary to handle the case that different TPs in JT have different number of CRS ports. When a TP transmits CRS, it has to stop transmission the PDSCH in the same RE. If 2 TPs, TP1 and TP2, are transmitting to a UE jointly, the received signal by the UE is:
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Based on DM-RS, UE estimates the channel as 
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assuming no estimation error. If PDSCH is transmitted only by TP2 in a RE where TP1 transmits its CRS, the effective channel is
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. This leads to large error at the UE due to receiving filter mismatching in this RE and should be avoided. There are two alternatives to address this issue:

Alternative 1: Signal to the UE the CRS configurations of all the TPs (up to three) that are transmitting the PDSCH. The PDSCH are mapped around all these CRS positions and rate-matching is performed. 
It is possible to signal to the UE in the DCI all the TPs transmitting the PDSCH so the UE can tell all the REs where any one of the TPs transmits CRS and uses rate-matching around these REs.  To reduce the signalling overhead, this can be done with a combination of high layer signalling and dynamic signalling with DCI. At most 3 bits in DCI will be required for dynamic TP signalling. 
Alternative 2: Signal only 1 TP of the PDSCH and its CRS configuration to the UE. (If not signalled, UE takes its serving cell as a default TP.) Only the CRS positions of the signalled TP (or the serving TP) are mapped around.
Take the previous 2 TPs JT case for example. Suppose TP1 is signalled to the UE so the PDSCH is rate-matched with respect to CRS1. The UE is not aware of TP2, so it still performs PDSCH decoding in the REs of CRS2. If TP1 transmits to the UE in the CRS2 positions, its signals arriving at the UE as strong interference even after the UE cancels the CRS2, due to the receiver mismatching explained before. To avoid this interference, CRS1 can mute its transmission. The signals used by UE in these CRS2 REs only consist of remote interference and noise.  Effectively these REs are punctured with only residual interference and noise. 
When Alternative 2 uses the effective puncturing at CRS2 REs , the number of REs that are used for PDSCH transmission is the same as Alternative 1. But the number of REs the UE uses for decoding is larger in Alternative 2 than in Alternative 1, and code rate is lower with Alternative 2. There are still some residual interference and noise in the CRS2 REs that impact the PDSCH decoding performance. Overall we believe Alternative 1 is slightly better and the additional bits in DCI are worth the effort. Therefore we have slight preference for Alternative 1.
Proposal 1: Signal the CRS of all the TPs to the UE and map the PDSCH around all the REs where any of the TPs transmit CRS. 
2.2. The starting position of PDSCH 

In DL CoMP, the UE receives DCI from the PDCCH transmitted by its serving cell. It is clear that the PDSCH can start only after the PDCCH transmission is complete.  We can analyse the situation for DPS, DPB and JT case separately.
2.2.1. DPS and DPB 

When the PDSCH transmission is from the serving cell, the operation is the same as regular transmissions defined in Rel.10. When the PDSCH transmission is from a transmission point other than the serving cell, the serving cell and the CoMP transmission point may have different sizes in their own PDCCH transmissions. Conflict may arise if their PDCCHs occupy different number of symbols. If the PDCCH from the serving cell takes more symbols than the PDCCH from the PDSCH TP, the CoMP TP can delay the PDSCH transmission until the serving cell has completed the PDCCH. If the PDCCH from the CoMP TP takes more symbols than the PDCCH of the serving cell, some mechanism is needed to inform the UE the starting position of the PDSCH. In this case, additional DCI signalling may be needed.

2.2.2. JT

For the JT case, among the multiple TPs transmitting the CoMP PDSCH to the UE, the duration of their own PDCCH may occupy different number of symbols. PDSCH transmission can only start after all of them have completed their PDCCH transmission. If the serving cell is the last one to complete its PDCCH transmission, other TPs can wait till the next symbol to start the JT PDSCH. Otherwise, additional DCI signalling may be needed. 

2.2.3. Discussion

For both DPS/DPB and JT case, additional signalling will be needed if the CoMP PDSCH is not aligned with that of the serving cell PDSCH. We believe it is not worth the additional DCI overhead to accommodate this, because this can be avoided with coordination between the TPs and proper scheduling. This should not be a very restrictive condition given the relatively small number of CoMP transmissions. Below is our proposal:

Proposal 2: There is no need to define additional DCI signalling to inform the CoMP UE the beginning position of its PDSCH. For all cases of DL CoMP, the first symbol of PDSCH transmission is always aligned with the PDSCH of the serving cell. 

Proposal 3: The network coordinates the transmissions so that the other CoMP TPs do not end PDCCH after that of the serving cell of the UE.

3. Conclusion

We discussed the PDSCH RE mapping issue for DL CoMP, including the first PDSCH symbol position and the RE where any of the TPs transmit its CRS. We propose the following:
Proposal 1: Signal the CRS of all the TPs to the UE and map the PDSCH around all the REs where any of the TPs transmit CRS. 
Proposal 2: There is no need to define additional DCI signalling to inform the CoMP UE the beginning position of its PDSCH. For all cases of DL CoMP, the first symbol of PDSCH transmission is always aligned with the PDSCH of the serving cell. 

Proposal 3: The network coordinates the transmissions so that the other CoMP TPs do not end PDCCH after that of the serving cell of the UE.
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