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1	Introduction
For multi-TRP non-coherent joint transmission (NC-JT) where a single PDCCH is used to schedule one PDSCHs, one open issue for discussion regards the codeword-to-layer mapping: Should a split into two codewords (CWs) be introduced also for rank 2 and above, or should we allow for different spatial layers of a single CW to be transmitted from different TRPs? Indeed, the existing NR Rel-15 codeword-to-layer mapping assigns up to 4 spatial layers to a single CW, and a specification change is needed if it is desirable to use TRP-specific CWs for up to rank-4 NC-JT transmission.
The use of TRP-specific CWs is appealing since it has the potential benefit of better link adaptation when there is a substantial difference in pathloss to different TRPs, since the modulation and coding scheme (MCS) for each CW can be tailored to the TRP from which it is transmitted. On the downside, a specification change is needed to support two CWs for 2, 3 and 4 layers, and the issue of semi-static or dynamic switching between Rel-15 and Rel-16 CW-to-layer mapping needs to be addressed. Furthermore, two CWs means overhead for additional CRC comparing to a single CW.
The existing NR Rel-15 CW-to-layer mapping can also be used for single-PDCCH based NC-JT. In this case, different layers of the same CW would be transmitted from different TRPs, and the layer-to-TRP mapping would be indicated by the use of TRP-specific DMRS CDM groups.
This contribution investigates the potential benefit of changing the CW-to-layer mapping for single-PDCCH NC-JT by means of link-level simulations. These results complement the system-level simulations provided in [1] where the NR Rel-15 codeword-to-layer mapping is seen to perform slightly better than the use of TRP-specific CWs.
[bookmark: _Ref178064866]2	Link-level simulation results
[bookmark: _GoBack]We consider an indoor scenario with two ceiling-mounted TRPs, each with 2 TX antenna ports, and a single UE with 4 RX antenna ports. The pathloss to TRP 2 is either the same or higher than the pathloss to TRP 1; the three cases of pathloss differences 0dB, 3dB, and 6dB are considered. In the case of single-TRP transmission, only TRP 1 is used to transmit one or two layers following the rank indication as part of the CSI feedback. In the case of multi-TRP NC-JT transmission, PMI and RI for each TRP are jointly determined together with one or two CQIs (depending on which CW-to-layer mapping is being used), and each TRP always transmits one or two layers. More details on the simulations are provided in the Appendix.
We have compared the two different CW-to-layer mapping options termed “One CW (across TRPs)” and “Two CWs (one per TRP)”. The former is the NR Rel-15 mapping of up to four layers to a single CW applied across the TRPs, while the latter is the TRP-specific CW mapping always resulting in two CWs in this setup.  
Results are presented in Table 1. In the case of a second TRP with the same pathloss as the first one (0dB TRP pathloss difference), large performance gains of multi-TRP transmission over single-TRP transmission can be observed as NC-JT successfully utilizes the additional spatial-multiplexing capabilities and transmit power of a second TRP. The relative gains decrease with increasing SNR, until single-TRP transmission becomes limited by allowing maximum rank-2 transmissions, while NC-JT can offer up to rank-4 in total. It is also observed that the two CW-to-layer mapping options perform similarly across the entire SNR range.
Introducing a 3dB difference in pathloss from the two TRPs, the gains of NC-JT diminish, and at a 6dB difference the gains vanish except in the high-SNR region where the rank-3 and rank-4 capabilities of NC-JT transmissions still enable gains. Again, the two CW-to-layer mappings “One CW (across TRPs)” and “Two CWs (one per TRP)” perform similarly, although the former is seen to consistently perform slightly better.

[bookmark: _Toc4678443]NC-JT with the NR Rel-15 codeword-to-layer mapping performs similarly or slightly better than NC-JT with TRP-specific codewords in link-level simulations of an indoor scenario. 

	Performance gain NC-JT over
single-TRP transmission [%]
	SNR

	
	0
	5
	10
	15
	20
	25
	30
	35

	0dB TRP pathloss difference
	
	
	
	
	
	
	
	

	One CW (across TRPs)
	56
	33
	26
	19
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	10
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	Two CWs (one per TRP)
	52
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	3dB TRP pathloss difference
	
	
	
	
	
	
	
	

	One CW (across TRPs)
	26
	17
	13
	11
	9
	4
	25
	46

	Two CWs (one per TRP)
	20
	14
	12
	8
	8
	3
	24
	45

	
	
	
	
	
	
	
	
	

	6dB TRP pathloss difference
	
	
	
	
	
	
	
	

	One CW (across TRPs)
	-5
	2
	1
	0
	1
	-2
	18
	38

	Two CWs (one per TRP)
	-5
	-2
	0
	-1
	0
	-3
	16
	36


[bookmark: _Ref4498357][bookmark: _Ref4498348]Table 1: Performance gain [%] of multi-TRP NC-JT over single-TRP transmission for two different CW-to-layer mappings and different pathloss differences between the two TRPs.
Conclusion
In the previous sections we made the following observations: 
Observation 1	NC-JT with the NR Rel-15 codeword-to-layer mapping performs similarly or slightly better than NC-JT with TRP-specific codewords in link-level simulations of an indoor scenario.
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Appendix: Simulation parameters
	Parameter
	

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Cell layout
	2 TRPs, 20m ISD

	Channel model 
	5G Indoor Office

	BS antenna configuration
	2 TX: A single X-pol facing down 

	BS antenna height
	3m

	UE antenna configuration
	4 RX: 2 X-pols with horizontal 0.5 lambda separation

	UE antenna height
	1.5m

	DMRS configuration
	Type 1 with two symbols

	DMRS channel estimation
	Realistic

	UE receiver
	MMSE-IRC

	Channel Estimation CSI-RS and
Feedback assumptions
	Ideal channel estimation
1- or 2-layer RI per TRP, wideband PMI reporting

	Link adaptation
	Inner and outer loop link adaptation

	Data and DMRS allocation size
	52 PRBs x 13 OFDM-symbols 
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