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1 Introduction 

It was agreed at RAN1 #70bis that each state that can be signalled in DCI format 2D for TM10 corresponds to a higher-layer list of parameters:
· One number of CRS ports {1, 2, 4, and a reserved value that has no Rel-11 UE behaviour attached to it}, one CRS frequency shift, and one MBSFN subframe configuration 

· By default: the CRS and MBSFN configuration of the serving cell

· One configuration of ZP CSI-RS

· By default: the ZP CSI-RS configuration which the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· PDSCH starting symbol: one value N = {0 or reserved value (FFS),1,2,3,4 (only for system BW of <=10PRBs),PCFICH of serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling}

· In MBSFN subframe (according to the DCI-indicated MBSFN subframe configuration): min(2,N). Otherwise: N.

· By default: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

· FFS whether some handling is needed for an indicated starting symbol earlier than the end of the PDCCH in the serving cell

· One NZP CSI-RS resource index

· QCL is assumed between DMRS and the CSI-RS resource

· Discuss in RAN2 whether or not a default value should be specified

It has been agreed that up to 4 sets/states per CC of PDSCH RE mapping and quasi-co-location parameters can be configured and indicated by DCI format 2D. 
It was suggested in [4] that there could be further study between

· A new DCI bit “PQI” (PDSCH RE Mapping and Quasi-Co-Location Indicator) is added to the contents of DCI format 2C to form the DCI format for TM10.   

· This new bit, together with nSCID , dynamically selects the PDSCH RE mapping and quasi-co-location parameter set among the four parameter sets configured by higher layers.

· 2 new DCI bits PQI are added to the contents of DCI format 2C to form the DCI format for TM10.   

In this contribution, we discuss our views regarding how many new bits are needed for DCI format 2D [1-2]. Other details related to PDSCH rate matching are discussed separately in [3].

2 Discussions

2.1 DCI Signalling When CIF is Not Present

The agreement of supporting up to 4 states per CC for PDSCH rate matching and quasi-co-location requires two bits in DCI format 2D.  One proposal is to add just one new DCI bit and reuse n_scid at the same time to provide the other bit. In Rel 10, antenna port(s), scrambling identity and number of layers are jointly coded with 3 bits where n_scid is the scrambling identify for parts 7 and 8.  Reusing n_scid means that the table defined for DCI format 2C with the above jointly coded information would be redefined for DCI format 2D and jointly coded further with PDSCH rate matching and quasi-co-location information. The argument is that higher rank transmission is unlikely for CoMP so that corresponding code points can be reused. 

In our view, reusing n_scid is much more complex than introducing 2 new bits. 
Firstly, the mechanisms of introducing 1 new bit (plus n_scid bit) and 2 new bits do not make a significant difference in terms of signalling overhead. 
Secondly, although the likelihood of high rank transmission may be smaller than in non-CoMP operation, high rank transmission is indeed feasible in a CoMP operation, as discussed in [5]. CS/CB, DPS with blanking and JT are all able to provide good channel conditions due to effective interference mitigation. Therefore it would be too limiting for CoMP operation to constrain the control signalling in way that limits high rank transmission. It should be up to network implementation and scheduling algorithm design to balance low and high rank transmission, UE pairing and resource overhead. 
Thirdly, one of the most critical aspects of CoMP operation is to ensure a proper MU pairing which enables the maximal spectral efficiency of the network, and therefore paired UEs should share the same value of n_scid for demodulation. A practical example of n_scid configuration for CoMP UEs is that the first n_scid value is assumed to be the same as the cell ID of the serving cell.  The second n_scid value is assumed to be a virtual cell ID that is associated with a CoMP cluster and shared with all CoMP UEs in the CoMP cluster. Consequently, the configuration of n_scid can allow such CoMP UEs to be paired with other UEs within the same serving cell, for example with legacy UEs, or to be paired with other CoMP UEs within the same CoMP cluster. This example suggests that the configuration of n_scid is very critical for the CoMP operation and will be heavily used for the scheduling design. Reusing n_scid as part of the state indication in DCI format 2D will bring further complexity and unnecessary implementation constraints. 
Proposal 1: 

2 new DCI bits are used in DCI format 2D for PDSCH RE mapping and quasi-co-location indication.
2.2 DCI Signalling When CIF is Present

If CA cross-carrier scheduling is configured for the UE, we propose to reuse 3 bits of Rel 10 CIF field without further increase of CoMP DCI message to support CA and CoMP jointly. Therefore DCI format 2D does not need the additional 2 new bits in addition to the CIF field; all the information can be taken care of within a new joint CoMP/CA indication field which is 3 bits with 8 code points – i.e. no larger than the CIF field. Since CA is only defined for up to 5 component carriers for cross scheduling, this means that there are at least 3 code points remaining which can be used for indicating specific CoMP control signaling. The meanings of the 3 bits can be configured differently per UE by RRC. Two examples are given as following. 

Table 1 
DCI Signalling When CIF is Present with one CoMP CC

	Code Point of CIF field
	RRC Configuration

	
	CC Indicator for CA cross scheduling
	PDSCH RE Mapping and Quasi-Co-Location Parameters

	0
	CC0
	PDSCH RE mapping and quasi-co-location Configuration #1 

	1
	CC1
	

	2
	CC2
	

	3
	CC3
	

	4
	CC4
	

	5
	CC0
	PDSCH RE mapping and quasi-co-location Configuration #2 

	6
	CC0
	PDSCH RE mapping and quasi-co-location Configuration #3

	7
	CC0
	PDSCH RE mapping and quasi-co-location Configuration #4 


Table 2 
DCI Signaling When CIF is Present with two CoMP CC

	Code Point of CIF field
	RRC Configuration

	
	CC Indicator for CA cross scheduling 
	PDSCH RE Mapping and Quasi-Co-Location Parameters 

	0 
	CC0 
	PDSCH RE mapping and quasi-co-location Configuration #1 

	1 
	CC0 
	PDSCH RE mapping and quasi-co-location Configuration #2 

	2 
	CC0 
	PDSCH RE mapping and quasi-co-location Configuration #3 

	3 
	CC0 
	PDSCH RE mapping and quasi-co-location Configuration #4 

	4 
	CC1 
	PDSCH RE mapping and quasi-co-location Configuration #1 

	5 
	CC1 
	PDSCH RE mapping and quasi-co-location Configuration #2 

	6 
	CC1 
	PDSCH RE mapping and quasi-co-location Configuration #3 

	7 
	CC1 
	PDSCH RE mapping and quasi-co-location Configuration #4 


The CoMP operation relies on the PMI/RI/CQI feedback. It has been agreed that the number of CSI processes per CC, up to 4, is a UE capability. However the maximal number of CSI processes that the UE can be configured is FFS and will be discussed in RAN1 71.  To reduce the UE complexity, it may be reasonable and practical to assume that the UE will not be configured with 5 CC simultaneously with CoMP being operated on every CC.  The worst scenario from the UE implementation perspective is that the UE requires 4 CSI processes x 5 CC = 20 CSI processes which is almost prohibitive.  
Roughly speaking each code point in CIF field corresponds to one NZP-CSI-RS if looking at it from the feedback point of view, for example 5 normal CCs (without CoMP) requires 5 NZP-CSI-RS in total per UE. Then the existing CIF field can support 8 NZP-CSI-RSs at least which already constitute a significant burden for the UE implementation. Moreover reusing CIF field with 8 code points can support to up to 2 CCs with 4 states per CC sufficiently, and can support even more CCs if each CC has less states, for example 2 states per CC. Therefore in our view reusing CIF field is sufficient for most practical scenarios. 

Proposal 2:  if a Rel-11 UE in TM10 is configured with cross-carrier scheduling, 

· The code points of the 3-bit CIF in DCI format 2D are defined by RRC signaling with jointly coded PDSCH RE mapping, quasi-co-location parameter and CA cross carrier indicator.  
· 2 new DCI bits are not required in this case. 

3 Conclusions

In this contribution, we have discussed some remaining aspects of CoMP control signalling. With respect to CoMP control signalling, we make the following proposals:

 Proposal 1: 

2 new DCI bits for PDSCH RE mapping and quasi-co-location are added to the contents of DCI format 2C to form DCI format 2D;

Proposal 2:  if a Rel-11 UE in TM10 is configured with cross-carrier scheduling, 

· The code points of the 3-bit CIF in DCI format 2D are defined by RRC signaling with jointly coded PDSCH RE mapping, quasi-co-location parameter and CA cross carrier indicator.  
· 2 new DCI bits are not required in this case. 
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