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Introduction
In RAN1#96bis, it was agreed that multi-TRP schemes 1a, 3, and 4 will be supported in NR Rel-16 for reliable PDSCH transmission for URLLC.   One remaining question for the different schemes is whether only rank 1 per TRP or higher rank should be supported.  In [1],  we present some results of FDM single RV (Scheme 2a) with rank 2 vs rank 1 per TRP and show that rank 2 per TRP provides better BLER performance than rank 1 per TRP. 
In this contribution, we present some additional results comparing rank 2 vs rank 1 per TRP with Scheme 1a (SDM) and Scheme 3 (TDM with mini slot repetition). This is a revision of R1-1907725.
Simulation Assumptions
Downlink transmission at 4 GHz carrier frequency with 10MHz BW and 15 kHz sub-carrier frequency spacing is considered. It is assumed that the two TRPs are connected with an ideal backhaul and under the control of a single scheduler.  CDL-A channel model with 300ns channel delay spread was used. Two cross polarized antennas (and thus 4 antenna ports) are used in each TRP and at the UE.  
The schemes evaluated are:
· Scheme 1a: SDM with a single CW over 2 TRPs with either rank 1 or rank 2 per TRP
· Scheme 3: TDM repetition over two mini-slots, each over one TRP, with either rank 1 or rank 2 per TRP
They are illustrated in Figure 2.
(a) Scheme 1a with one layer per TRP 
(b) Scheme 1a with 2 layers per TRP 


(c) Scheme 3 with one layer per TRP
1. Scheme 3 with 2 layers per TRP

[bookmark: _Ref7728547]Figure 2: The schemes evaluated
The resource allocation is shown in Figure 3, 8RBs by 4 OFDM symbols are allocated. A single symbol DMRS of type 1 was configured without data multiplexing.  A fixed TB size of 256bits was used, the corresponding code rates are approximately 
· R = 0.44 for Scheme 3 with rank 1 per TRP
· R = 0.22 for scheme 3 with rank 2 per TRP and Scheme 1a with rank 1 per TRP.
· R=0.11 for Scheme 1a with rank 2 per TRP
0dB pathloss (PL) offset between the two TRPs was assumed.  Other simulation assumptions can be found in the Appendix.(a) Scheme 1a 
(b) Scheme 3 

[bookmark: _Ref7728593]Figure 3: Resource allocation.
Evaluation Results
The evaluation results Scheme 1a and Scheme 3 are shown in Figure 4 and Figure 5, respectively. It can be seen that for both schemes, rank 2 per TRP has better BLER performance than rank 1 per TRP at 10^(-4) BLER. 

[bookmark: _Ref7730776]Figure 4:  Rank 2 vs. rank 1 per TRP:  Scheme 1a. 

[bookmark: _Ref8643034]Figure 5: Rank 2 vs. rank 1 per TRP:  Scheme 3.

[bookmark: _Toc8644287]Rank 2 per TRP out performs rank 1 per TRP for both Scheme 1a and Scheme 3 in the evaluated scenario. 
Conclusions
In this contribution, we have presented addition evaluation results comparing rank 2 vs. rank 1 per TRP for multi-TRP Schemes 1a and 3 for URLLC. Based on the results, we have the following observation:
Observation 1	Rank 2 per TRP out performs rank 1 per TRP for both Scheme 1a and Scheme 3 in the evaluated scenerio.
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Appendix:  Simulation Assumptions
	Parameters
	Value

	Carrier frequency
	4GHz 

	BW
	10MHz

	Subcarrier spacing
	15kHz

	Channel model
	CDL-A with 300ns delay spread

	UE mobility
	3km per hour

	Number of TRPs
	2

	Pathloss offset of 2nd TRP
	0dB

	Number of Tx antenna ports per TRP 
	4

	Number of UE Rx antennas
	4

	Number of layers per TRP
	1 or 2

	DMRS configuration
	One symbol, type 1, no data and DMRS multiplexing

	Number RBs
	8

	Number of OFDM symbols
	4

	TBS size
	256 bits 

	Modulation
	QPSK

	Channel estimation
	Practical

	Receiver
	MMSE-IRC 

	Precoding
	Wideband PMI 
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