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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NR Ad-Hoc#2 [1], we had the following agreement related to multi-TRP transmission.
	Agreements:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS in case of two or more bandwidth parts for the component carrier
· FFS the max number of corresponding NR-PDCCHs
Agreements:
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups 


This contribution provides our views on multi-TRP transmission and DM-RS group number.
Discussion
In CoMP with non-ideal backhaul, the data exchange and fast scheduling coordination between different TRPs are difficult or cannot meet the latency requirement. To deal with the above issues for practical implementation, NC-JT transmission can be considered where each TRP can schedule its data transmission with relatively loose coordination with other TRPs and allows inaccuracy in CSI feedback.
Discussion on DPG
[bookmark: _GoBack]In LTE MIMO, codeword-to-layer mapping had been fixed [2]. Each scheduled layer is assigned to a DM-RS port. Under multi-TRP transmission, the DM-RS ports are partitioned into DM-RS port groups (DPG) via a predefined DM-RS port to layer mapping. Furthermore, for proposed mapping scheme of LTE feCoMP work item, it is said that the first  layers are mapped to the first codeword while the remaining L- layers are mapped to the second codeword. A pre-determined DM-RS port grouping mechanism can also be defined in NR, where the DM-RS port grouping only depends on the total number of MIMO layers scheduled to the UE. For technique consistency, it is suggested NR DM-RS port grouping should be evenly partitioned into DPGs as well, which resonates with the view in [3].
Proposal 1: NR DM-RS port grouping should be evenly partitioned into DPGs.


In RAN1#89, it is agreed to support the case that “Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs”. For example, consider a single NR-PDSCH transmission with up to 4 MIMO layers on the DM-RS antenna ports {A, B, C, D}. Based on the agreement, NR supports one and two DPGs per PDSCH. Thus, the DM-RS ports can be either all mapped to a single DPG or evenly partitioned into two DPGs, two ports for each. The first case implies a non-CoMP transmission from single TRP, which happens when one link is much weaker than the other link. The second case, on the other hand, implies multi-TRPs transmission. For joint transmission to be benefit, two links between the UE and two TRPs should have comparative power-level. Consequently, for the DM-RS port to layer mapping scheme, the channel condition difference between two links should take into consideration. In this regard, we can determine whether to use single- or multi-TRP transmission scheme.
Observation 1: The channel condition difference between two links can determine whether to use single-TRP or multi-TRP transmission.
To further reduce the blind decoding complexity of the UE, the same DCI format shall be used for both single- and multi-TRP transmission so that the UE does not have to blindly search for DCIs of different sizes. A fixed mapping table can considerably reduce the DCI overhead and provides a clear rule for DM-RS port grouping. As long as the UE reports the sum of RIs based on composite channel conditions to TRPs, the number of transmission layers at each TRPs are directly assigned by the DM-RS port to layer mapping. In other words, the DM-RS antenna port grouping only depends on the total number of MIMO layers scheduled to the UE, e.g. as shown in the table below:

	# of total scheduled layers
	(# of ports in DPG1, # of ports in DPG2)

	
	Two-TRP NC-JT
	Single TRP NC-JT

	2
	(1, 1)
	(2, 0)

	3
	(1, 2)
	(3, 0)

	4
	(2, 2)
	(4, 0)

	5
	(2, 3)
	(5, 0)

	6
	(3, 3)
	(6, 0)

	7
	(3, 4)
	(7, 0)

	8
	(4, 4)
	(8, 0)



Proposal 2: A fixed DM-RS port to layer mapping should be considered to allow unified DCI format for both single- and multi-TRP transmissions.
Maximum number of DPGs per NR-PDSCH
According to agreements, the maximum supported number of NR-PDSCHs at UE which can be received simultaneously is two and up to two DPGs per PDSCH are supported in NR as well. We consider two DPGs could support current multi-TRP operations in NR phase I. Two TRP transmissions with two DPGs can be the baseline of multiple TRP transmissions, while single TRP transmission with one DPG can be as fall back mode. In addition, UE may understand which NR-PDSCH is carried on which beam based upon knowledge of DMRS port being QCLed with CSI-RS resource. As a result, at most two DM-RS antenna port groups are supported in NR. 
Proposal 3: NR supports at most two DM-RS antenna port groups per PDSCH. 
Conclusions
In this contribution, we provide our views for multi-TRP transmission. From above discussion, observation and proposals are below:
Observation 1: The channel condition difference between two links can determine whether to use single-TRP or multi-TRP transmission.
Proposal 1: NR DM-RS port grouping should be evenly partitioned into DPGs.
Proposal 2: A fixed DM-RS port to layer mapping should be considered to allow unified DCI format for both single- and multi-TRP transmissions.
Proposal 3: NR supports at most two DM-RS antenna port groups per PDSCH.
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