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1	Introduction
In RAN #75, non-coherent joint transmission (NCJT) is approved in WID of feCoMP [2].
In the scope of NCJT, the following are included
Specify enhancements to support non-coherent joint transmission (JT) schemes [RAN1]
Support of a new QCL assumption for DM-RS antenna ports
Support of control signalling enhancements to assist QCL,PDSCH REs mapping and resource allocation
Support possible CSI feedback enhancement
In RAN1 #88bis, it was agreed:
· NC-JT is supported using single DCI  
· increasing number of bits for resource allocation and PQI to an existing DCI needs to be justified in terms of DCI coverage and performance
· FFS on multiple DCIs 
· NC-JT is supported by the following DCI signalling per each CW
· QCL
· FFS: Add PQI bits or Re-interpret existing PQI bits
· FFS: PDSCH RE mapping
· FFS: Resource allocation
In this paper, we focus on PDSCH RE mapping and resource allocation design for NCJT, assuming single DCI.
2	Discussion
For LTE NCJT design, given the limited time assigned, we believe a simple design that can achieve most of the promised system gain should be adopted. Under this restriction, the following design limitations can be applied.
[bookmark: a]Proposal 	1. LTE NC-JT is supported under the following simplified scenarios:
NCJT is supported using single DCI only.
Up to two TPs can be used in a NCJT transmission, while dynamic switching between NCJT transmission and single TP transmission is supported with a common DCI format to support scheduling flexibility
Aligned resource allocation (single RA field in DCI) from TPs under NCJT transmission, which is already to achieve most of the NCJT gain.
PDSCH REs from two TPs align.
Note it was agreed NC-JT is supported using single DCI, and FFS on multiple DCIs. To reduce control overhead, we propose to support NCJT with single DCI only. 
On the UE side, to reuse UE receiver capability, we can restrict to support up to 2 codewords for NCJT. This 2-codeword restriction implies that we can support up to 2 TPs in NCJT with one codeword transmitted from each TP. We believe this can already achieve most of the system gain from NCJT. For better flexibility, transmission from one TP only should be supported as well, in which case, up to two codewords from the only TP is supported. To limit the PDCCH blind decoding count, the two types of scheduling should be supported using a single DCI format. 
Under NC-JT transmission, if the resource allocation of the codewords from two TPs are not aligned, inevitably, we will need to provide two copies of RA field in the single DCI. Consider RA is typical a relatively long field, having two copies of the field will increase the payload size of PDCCH substantially and will need to increase amount of resource needed to carry the PDCCH by increasing the aggregation level to have the same coverage. So it is preferred to have aligned resource allocations between the two PDSCHs. The aligned resource allocation has the additional benefit of requiring a more straight-forward receiver structure. The two PDSCHs from the two TPs will always interfere with each other one each RB. The receiver does not need to consider more complex interference scenario where the PDSCH is interfered by the PDSCH from the other TP in one RB, but interfered by some other unknown PDSCH from the other TRP serving some other UEs. On the eNB side, the MCS determination is simpler as well as the inter-PDSCH interference is consistent across all RBs. The UE only needs to report the CSI assuming both PDSCHs are assigned to support the NCJT MCS computation. 
When the CRS and CSI-RS of the two TPs are not aligned, the PDSCH layer transmitted from one TP can potentially overlap with the CRS and CSI-RS of the other TP. This may create some extra complexity in UE processing, as some REs are not data overlapping with data, but rather data overlapped with RS, which needs to be processed differently from other REs. A simple solution is to let PDSCH rate match around the CRS and CSI-RS of both TPs. A side benefit is the CRS and CSI-RS is better protected in each TP with lower interference. The QCL indicates the CRS offset of each TRP and the CSI-RS is configured for each TRP, and the PDSCH can rate match around the “OR” of the two sets of CRS/CSI-RS positions.
In legacy SU-MIMO case, the rank combination of the two codewords is deterministic given the total rank (RI). If the total rank is even, each codeword gets half of the total rank. If the total rank is odd, the codeword 2 rank is 1 larger than the codeword 1 rank. For NCJT with two TPs, we may want to have higher flexibility for ranks. The following options can be considered:
-	Option 1: Follow the legacy design with TP1 transmits codeword 1 and TP2 transmits codeword 2
-	Option 2: Slightly improve from the legacy design and also allow TP1 rank to be 1 higher than TP2
-	Option 3: Flexible design to allow ranks for TP1 and TP2 to be specified separately in DCI
The supported rank combinations of TP1 and TP2 are summarized in Table 1, assuming each TP has 4 CRS ports.
[bookmark: _Ref457983458]Table 1. Supported Rank Combinations of TP1 and TP2 under Different Options
	Options
	(TP1 rank, TP2 rank)
	Notes

	1
	(1,1), (1,2), (2,2), (2,3), (3,3), (3,4), (4,4)
	Totally 7 combinations

	2
	(1,1), (1,2), (2,1), (2,2), (2,3), (3,2), (3,3), (3,4), (4,3), (4,4)
	Totally 10 combinations

	3
	(1,1), (1,2), (1,3), (1,4), (2,1), (2,2), (2,3), (2,4), (3,1), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4)
	Totally 16 combinations



Comparing the 3 options, option 1 is the most restrictive, but no antenna ports, scrambling identity and number of layers field (Table 5.3.3.1.5C-1 and Table 5.3.3.1.5C-2 in [1]) change is needed in DCI format 2C and 2D. For option 2, we introduce more flexibility and potentially higher performance gain. To support this option while avoid re-defining the antenna ports, scrambling identify and number of layers field, we can introduce a bit in the DCI to flip the role of TP1 and TP2 as shown in Table 2. Option 3 has the best flexibility and potential has larger gain. The cost to pay is to we need to define a new antenna ports, scrambling identity, and number of layers field in DCI. Compare the three options, the option 2 can be a preferable compromise.
[bookmark: _Ref458414318]Table 2. Codeword Swap Indicator for NCJT
	CW Swap
	TP1
	TP2

	0
	CW1
	CW2

	1
	CW2
	CW1



[bookmark: d][bookmark: b]Proposal 2.  When both TPs participate in the NCJT, the allowed rank combinations for the codewords from two TPs needs to be increased.  
3	Conclusions 
For the control signaling enhancement for NCJT, we propose the following:
Proposal 1. LTE NC-JT is supported under the following simplified scenarios:
NCJT is supported using single DCI only.
Up to two TPs can be used in a NCJT transmission, while dynamic switching between NCJT transmission and single TP transmission is supported with a common DCI format to support scheduling flexibility
Aligned resource allocation (single RA field in DCI) from TPs under NCJT transmission, which is already to achieve most of the NCJT gain.
PDSCH REs from two TPs align.
Proposal 2.  When both TPs participate in the NCJT, the allowed rank combinations for the codewords from two TPs needs to be increased.  
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