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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 focused on: 

· Dynamic point selection, including dynamic point blanking

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

In the RAN1#70 meeting in Qingdao, RAN1 WG reached the following the agreement on DL control signaling for CoMP [2]: 
· 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

In this contribution we discuss whether DCI Format 2C can be reused or a new DCI Format based on 2C needs to be defined for CoMP transmission in TM10.
2. Discussion
CoMP transmission can be signalled to the UE with a combination of semi-static RRC signalling and dynamic signaling through PDCCH.  RRC signaling has been discussed in RAN1#70 and an agreement has been reached in the email discussion following the meeting [3]. We start by examining the content of DCI format 2C. DCI 2C was introduced in Rel.10 to support TM9. With DCI format 2C, eNB transmits the following information to UE.

· Carrier indicator
· Resource allocation header

· Resource block assignment

· TPC command for PUCCH

· Downlink assignment index (TDD only)
· HARQ process number

· Antenna ports, scrambling ID and number of layers 

· SRS request (TDD only)

· For each transport block
· Modulation and coding scheme

· New data indicator

· Redundancy version

TM9 is designed to support transmission up to 8 layers from a single cell, while TM10 needs to support CoMP transmissions possibly from multiple cells. Because there are some significant differences between TM9 and TM10, we believe a new DCI format is required to support TM10. The new DCI format can be based on format 2C. Based on the agreement in RAN1#69 meeting [4], eNB needs to signal to the UE the CRS position of at least one cell from which the PDSCH transmission may occur. The maximal gain of DL CoMP can be achieved when the eNB has the flexibility to switch between DPS, DPB and JT, and to switch the transmission point(s) dynamically on a per PDSCH basis. This makes it necessary to include an indication of transmission point(s) in the DCI. Considering the tradeoff between providing more flexibility by allowing more possible combination of TPs transmitting the PDSCH to the UE, and reducing the control overhead, we believe a good compromise is to allocate 2 new bits in the DCI to signal the transmission point(s) to the UE. RRC signalling can be used to configure the UE with the meaning of the 4 code points provided by the 2 DCI bits. Therefore we make the following proposal:
Proposal 1: To include 2 bits in the new DCI for signalling the PDSCH transmission point(s) to the UE. The 4 code points can be configured by RRC signalling on a UE-specific manner.

TM9 is designed to support spatial multiplexing with up 8 layers, and 3 bits are allocated in DCI 2C to jointly signal antenna ports, scrambling ID and number of layers. With CoMP, the targeted UEs are usually near the cell edge and may rarely support transmission rank higher than 2. It is a waste of bits for signalling higher ranks that are not used in CoMP. We propose to reduce the corresponding number of bits in the new DCI. Only rank 1 and rank 2 transmissions need to be supported.

Proposal 2: In order to reduce the signalling overhead, the new DCI format only needs to support up to 2 layers for CoMP transmission.

Another possible ambiguity that may require signalling in the new DCI is the position of the first PDSCH symbol. This is because in DL CoMP the PDSCH may be transmitted from a TP belongs to a cell other than the serving cell of the UE and the two cells may have different sizes of the PDCCH region. When the PDSCH is transmitted from a TP other than the serving cell, it cannot start before the UE completely receives the PDCCH from its serving cell. The transmission can start either from the same symbol as the PDSCH transmitted from the serving cell, or after that. If the first symbol of the PDSCH transmission always follows that of the serving cell, there will be no need to include an indication for it in the signalling. This is most efficient and can be realized as an implementation on the eNBs side. If the PDSCH transmission always starts from a semi-statically determined location, for example on the 4th OFDM symbol, this location can be signalled through RRC signalling and there is no need to include it the DCI. Both these two schemes impose a constraint on the schedulers of neighbouring cells and limit the scheduling flexibility. To allow more flexible resource usage, the DCI can include an indicator to dynamically signal the starting position of the PDSCH. Considering the scheduling flexibility, we believe it is worthwhile to use 1 or 2 bits in the DCI to signal the starting position of the PDSCH.

Proposal 3: Include an indicator in the new DCI format to signal the starting position of the PDSCH.
Each CoMP UE is configured with 2 virtual cell ID as DMRS scrambling initial state, and 
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are configured with RRC signalling. eNB can dynamically switch between them in order support joint CoMP and MU-MIMO operation. This makes it necessary to include a 1-bit indicator in the DCI format to dynamic indicate cinit. Thus we have proposal 4:

Proposal 4: Allocate 1 bit in the new DCI format to dynamically signal the DMRS scrambling sequence. 
3. Conclusion

We compared transmission mode TM9 and DL CoMP transmission and examined the signalling fields in the DCI format 2C. We believe it is necessary to design a new DCI format based on format 2C for DL CoMP transmission. We propose the following:
Proposal 1: To include 2 bits in the new DCI for signalling the PDSCH transmission point(s) to the UE. The 4 code points can be configured by RRC signalling on a UE-specific manner.

Proposal 2: In order to reduce the signalling overhead, the new DCI format only needs to support up to 2 layers for CoMP transmission.

Proposal 3: Include an indicator in the new DCI format to signal the starting position of the PDSCH.
Proposal 4: Allocate 1 bit in the new DCI format to dynamically signal the DMRS scrambling sequence.
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