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1 Introduction

The RAN#89 meeting agreed the following for NR multi-TRP transmission [1]:
Agreements:

· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH

This contribution addresses these two issues in multi-TRP transmission. 

2 Discussions
System level simulations have been performed with the indoor scenario using non-fully overlapped NCJT with an increasing numbers of NR-PDCCHs/PDSCHs (detailed simulations are in Appendix A). Let Nmax denote the maximum supported number of PDSCHs. Simulation results with no CoMP function enabled are used as reference. It can be observed that at cell edge (5% UPT), UPT increases with the maximum supported number of NR-PDSCHs. The gain of Nmax=2,3,4 is 26%, 64%, and 94%, respectively. This performance improvement is achieved through allowing cell edge UEs to have more degrees of freedom to choose TRPs with better link qualities. However, increasing Nmax will at the same time significantly decrease 95% UPT. The 95% UPT drops approximately by 20% when Nmax=2, and 40% when Nmax equals either 3 or 4. The loss is because more resources are occupied by cell edge UEs from both own cell and coordinating cells, resulting in less resources for cell center UEs. Also, the single layer transmission assumption in NCJT TRPs limits the performance of cell center UEs. All Nmax=2,3,4 cases achieve better 50% UPT than no CoMP. However, the improvement gradually shrinks as Nmax increases. Regarding mean UPT, when Nmax=2, the mean UPT is flat comparing to no CoMP. A slight drop of 10% is observed when Nmax=3 and a more significant drop of 16% is seen when Nmax=4.
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    Figure 1: Performance comparison among Nmax=2,3,4. 
Although it is attractive to have Nmax=4 as large gain can be seen at the cell edge, the complexity of UE decoding multiple NR-PDCCHs will soar as well. Both Nmax=2 and 3 provide noticeable improvement in cell edge performance and a balance between UPT and complexity. Therefore, we propose that the maximum supported number of NR-PDCCHs/PDSCHs should be set to either 2 or 3.
Proposal 1: The maximum supported number of NR-PDCCHs/PDSCHs should be set to either 2 or 3.
It can be expected that to trigger the reception of multiple NR-PDCCHs will require the UE to be in a relatively static channel condition. Therefore, the signalling of the number of NR-PDCCHs should be performed with a long period. In this case, it would be preferable to use explicit RRC signalling to inform the UE. Moreover, when explicit signalling is used, the UE will know that it is in NCJT mode. This may be important when the UE is reporting CSI feedback to coordinating TRPs. For example, the UE can report a pair of jointly optimized PMIs to two coordinating TRPs. Also, explicit RRC signalling can prevent the UE from reporting RIs that exceed its capability. Based on the above discussions, we have the following proposal.

Proposal 2: Explicit RRC signalling should be used to inform the UE about the number of NR-PDCCHs/PDSCHs.

3 Conclusion
This contribution provides discussions on the remaining issues of multi-TRP transmission in NR network coordination.

Proposal 1: The maximum supported number of NR-PDCCHs/PDSCHs should be set to either 2 or 3.
Proposal 2: Explicit RRC signalling should be used to inform the UE about the number of NR-PDCCHs/PDSCHs.
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Annex – A: Evaluation assumptions
	Attributes
	Values or assumptions

	Layout
	Single layer
Indoor TP: Number of TPs: N=8, per 120m x 50m

	ISD
	30m

	Minimum distances
	According to TR 36.872

	Carrier Frequency
	3.5 GHz

	Coordination cluster size for ideal backhaul
	All sites

	Mode
	DL only

	Bandwidth
	10MHz (50RBs)

	Subcarrier Spacing
	15kHz

	Channel model
	Indoor Hotspot
(see TR 36.814 with the application of 3D distance between an eNB and a UE)

	TP antenna configuration (M,N,P)
	ULA with M=1, N=1, P = 2  with polarization Model -2 from TR 36.873

	TP Tx power
	24dBm

	TP antenna pattern
	2D omni with 5dBi gain (According to TR 36.814)

	TP antenna height
	6m

	Small cell TP dropping
	According to TP layout

	UE antenna height/UE dropping
	1.5m, uniform

	Association of UE to TP
	Based on coupling loss

	Maximum CoMP measurement set size
	Baseline 3TPs. 

	UE antenna gain
	According to TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non full buffer FTP traffic model 1, S = 0.5Mbytes

	Traffic load (Resource utilization)
	Λ=10/s

	UE receiver
	MMSE-IRC 

	UE antenna
	4Rx, 0o/90o polarization slants, 0.5 wavelength spacing with polarization Model -2 from TR 36.873

	Feedback assumption
	- PUSCH 3-2 for non-reciprocity operation 

- CQI, PMI and RI reporting triggered per 5ms

- Feedback delay is 5 ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS overhead according to number of scheduled layers

	Transmission mode
	TM10 based

	Channel estimation
	Realistic

	CRS interference modelling
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	Handover margin
	3dB

	Backhaul link delay
	0ms
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Figure A-1: Indoor small cell deployment
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