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1 Introduction

Rate matching information of a CoMP PDSCH and quasi-co-location information should be conveyed to the UE for correct PDSCH mapping and quasi-co-location assumptions between DMRS and the CSI-RS resources. In RAN1#70bis, RAN1 agreed to the following signaling of PDSCH mapping and quasi-co-location:

· RRC signalling: configure up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D.

· Each state that can be signaled in DCI format 2D/C for TM10 corresponds to a higher-layer list of parameters (default values are suggested in case RAN2 decides to specify default values).
This contribution discusses the signaling aspect of PDSCH RE mapping and quasi co-location in DCI format 2D. In Section 2, we analyze five methods to indicate the 4 states for PDSCH mapping and quasi-co-location and give our proposal. Section 3 summarizes the proposal of this contribution. 
2 Discussion on methods to indicate 4 states of PDSCH mapping and QCL
The five methods to indicate the 4 states of PDSCH mapping in DCI format 2D are summarized below:
· Method 1: define 2 new bits in DCI format 2D [1]
· Method 2: reuse the 2 code points indicated by nSCID and define 1 new bit in DCI format 2D [2]
· Method 3: reuse NDI of disabled TB [3]
· Method 4: reuse the codepoints indicated by the rank, nSCID and NDI of disabled TB [4]
· Method 5: reuse the CIF bits [5]
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Method 1 introduce 2 new bits in DCI format 2D to indicate 4 states of PDSCH mapping and QCL information. These 2 new bits can be defined as a CoMP indicator field (CoIF). 
Method 2 cannot rely on any hard linkage of VCID of DMRS to PCID of CRS or VCID of CSI-RS. A state associated with VCID X(0) of DMRS is therefore not linked to a single CRS PCID and/or to a single CSI-RS VCID. However, Method 2 would still limit the flexibility of DMRS VCID assignments for UEs that are performing CoMP with 3 cells, which is allowed by the size of the CoMP measurement set. Method 2 reuses nSCID, which is used only available for rank 1 and 2, but nSCID equals 0 for ranks larger than 2. Therefore, method 2 can only indicate 2 states for CoMP transmission of rank larger than 2. 
Method 3 reuses the NDI bit of the disabled TB and 3 bits for signaling antenna port(s), scrambling identity and number of layers to indicate 3 states. Method 3 has the drawback that the NDI of disabled TB is applicable only for single codeword transmission, and a maximum of 3 states can be supported, which cannot satisfy the agreement of up to 4 states.
Method 4 reuses the codepoints indicated by nSCID and NDI of disabled TB, thus it faces the drawbacks of both nSCID and NDI of disabled TB summarized earlier, although it can indicate more than 3 states thanks to reusing the rank indication in the DCI.
Method 5 reuses the 3 bits of CIF field [5]. Since the CIF field is configurable and only necessary for CA with cross-carrier scheduling, method 5 means additional 3 bits of DCI overhead compared to CoMP and CA without cross-carrier scheduling. In case cross-carrier scheduling is configured, the 3 unused states of CIF can be exploited for CoMP. It allows up to 4 states on one CC without CoMP on the other 4 CCs, or up to 2 states on 3 CCs without CoMP on the other 2 CCs, or 4 states on 2 CCs if the UE is configured with only 2 CCs. No such limitation would exist for CoMP with CA without cross-carrier scheduling, thus we would prefer no such limitation with cross-carrier scheduling. 
Table 1 gives the comparison of the five methods, including their pros and cons:
Table 1: Comparison of the five methods to indicate 4 states of PDSCH mapping
	Methods to indicate  states of PDSCH mapping and QCL in DCI format 2D
	DCI signaling overhead increase
	MU MIMO pairing for CoMP
	Number of PDSCH mapping states supported

	Method 1: 2 new bits
	2 bits
	No limitation to DMRS VCID assignment
	4 states

	Method 2: Reuse nSCID and define 1 new bit
	1 bit
	Limitation to DMRS VCID assignment for CoMP with 3 cells
	4 states for rank ≤ 2

2 states for rank > 2

	Method 3: Reuse NDI of disabled TB
	0 bit
	No limitation to DMRS VCID assignment
	3 states with 1 codeword

2 states with 2 codewords

	Method 4: Reuse rank, nSCID and NDI of disabled TB
	0 bit
	Limitation to DMRS VCID assignment for CoMP with 3 cells
	4 states with 1 codeword

2 states with 2 CWs and rank ≤ 2
1 state with 2 CWs and rank > 2

	Method 5: Reuse CIF bits when cross-carrier scheduling is configured
	0 bit
	No limitation to DMRS VCID assignment
	3 or 4 states on a single CC, or 2 states on 2 CCs

1 state on the remaining CCs


3 Conclusions

This contribution provides an analysis of the methods to indicate 4 states of PDSCH mapping and Quasi-co-location. Considering DCI overhead, scheduling flexibility and other limitations to the number of supported states, method 2 is preferred as the compromise solution at least when cross-carrier scheduling is not configured for the UE in TM10, which is proposed below.
Proposal: define a new field in DL DCI format 2D: 
· CoMP Indicator Field (CoIF) – 1 bit. The field, in combination with nSCID, indicates one of the RRC states of PDSCH RE mapping and quasi co-location assumption between DMRS and one CSI-RS resource.
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