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1 Introduction
In RAN1 #95, for multi-TRP/panel transmission, the following is agreed [1].
Agreement

For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16

· Applies for eMBB

In this contribution, we have provided some consideration for the need of codeword to layer mapping enhancement for single PDCCH based multi-TRP/panel transmission.
2 Discussion
Multiple PDCCH based design can be used in the non-ideal backhaul scenario, whilst single PDCCH aims for the ideal backhaul scenario [2] so that the network may benefit from saving PDCCH capacity compared to using multiple PDCCH.
For single PDCCH, one essential issue limiting performance is Rel-15 codeword to layer mapping scheme. For NCJT, if the number of total layers does not exceed four, with single PDCCH, only one codeword can be scheduled according to Rel-15 specification from the UE perspective. However, layers within one codeword coming from different TRPs can experience independent channel fading giving rise to significantly variant SNRs among layers within single CW. Instantaneous SNR gap among TRPs can be over 10 dB. Therefore single DCI based NCJT may not harvest all potential because such an averaged MCS is more restricted by the worst link among all layer received the UE. 
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Figure 1. Performance of different CW to layer mapping schemes
We provide LLS results in this contribution to show the performance. For LLS shown in Figure 1, two independent channels from two TRPs are considered. The SNR gap between TRPs is fixed to a value, e.g. 5dB. For NCJT received by the UE, non-coherent precoding is considered, where each layer is only transmitted from one TRP and the beamformer(s) are the eigenvector(s) of channel from that TRP. 
As shown in Figure 1, with 2 codewords mapped to 4 layers, the performance gain is about 11.8% and 27% over 1 codeword at SNR=11dB, corresponding to SNR gaps of 5dB and 10dB respectively. It is observed that the improvement of throughput using two codewords over one codeword is enlarged with a larger SNR gap. Moreover, when UE receiving SNR is high enough from the strongest TRP, both CWs (due to fixed SNR gap between two TRPs over simulation time) can be saturate with 2-layer transmission per TRP/CW. Then using single CW or two CWs may not show significant difference in LLS. When UE receiving SNR is low sufficiently from the strongest TRP, the CW associated with that TRP become the dominant limiting factor from two TRPs/CWs in LLS. Note that in our LLS, NCJT with 4 layers are assumed always and requires reasonable good SNR to enable high rank transmission. 
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Figure 2. Performance of different rank combinations with RSRP gap =5dB
With different rank combination selection, 2CWs still performs better than 1 CW as shown in figure 2.
SLS results with rank adaption can be also found during Rel-15 discussion, e.g. in [3] in which 10%-20% gain can be observed by comparing CW-laying mapping mechanism using two CW versus using single CW. 

Observation 1: Around 10% to 20% performance gain by using LTE-like codeword-to-layer mapping scheme can be observed by using both LLS/SLS for single-PDCCH based multi-TRP/panel transmission. 

Therefore, new CW to layer mapping scheme can show great benefits for single DCI based multi-TRP/panel transmission. Such benefit can be more obvious for multi-panel based FR2 transmission due to LoS environment and frequently changing RSRPs. LTE-like design can be considered as the starting point where two codewords can be mapped to two, three and four layers as following table. 
Table 1. Codeword-to-layer mapping table for spatial multiplexing from LTE

	Number of layers
	Number of codewords
	Codeword-to-layer mapping
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Supporting a CW to layer mapping scheme with higher flexibility can provide following benefits:
· More flexible link adaptation can be achieved by using two codewords. The UE can report two CQIs instead of one CQI to the gNB for two links, which can be more robust especially considering the quantization loss of channel quality or FR2 with more violent channel condition. To adapt to new CW to layer mapping scheme, UE measurement behaviour should be enhanced for supporting layers less than four with more CQIs. 
· Finer feedback granularity of HARQ can also contribute to better spectrum efficiency. When one of CWs is incorrectly decoded, only corrupted codeword needs to be retransmitted. Since for two TBs in Rel-15, each TB corresponds to one HARQ process and one TB can be mapped up to four layers,   Rel-15 HARQ design can be reused for new codeword to layer mapping scheme.
At receiver side, UE processing procedure is similar to Rel-15 for PDSCH with more than four transmission layers. The UE can reuse the hardware/software structure to process 2 codewords e.g. HARQ, demapping codewords, for PDSCH transmission with two/three/four layers. On the other hand, if there are two MCSs allocated in one codeword, the UE demapping scheme still needs to extract two constellation/coding schemes so that it is eventually similar with two MCSs with two codewords in terms of UE receiving complexity. 
Observation 2: New CW-to-layer mapping can be supported with utilization of Rel-15 implementations of rank 5~8 with less complexity.
Therefore based on above analysis and simulations, we have the following proposal.
Proposal 1: For single-DCI based multi-TRP/panel transmission in Rel-16, LTE-like CW to layer mapping scheme for two, three and four layers spatial multiplexing should be supported. 
3 Conclusion
In this contribution, we analysed why codeword to layer mapping scheme is essential for single-TRP based NCJT and have the following observations and proposal:
Observation 1: Around 10% to 20% performance gain by using LTE-like codeword-to-layer mapping scheme can be observed by using both LLS/SLS for single-PDCCH based multi-TRP/panel transmission. 

Observation 2: New CW-to-layer mapping can be supported with utilization of Rel-15 implementations of rank 5~8 with less complexity.
Proposal 1: For single-DCI based multi-TRP/panel transmission in Rel-16, LTE-like CW to layer mapping scheme for two, three and four layers spatial multiplexing should be supported. 
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Appendix – Simulation parameters
Table-I Link level simulation parameters
	Parameters
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier spacing
	30KHz

	Channel coding
	LDPC

	System bandwidth
	10RB

	Velocity
	3km/h

	gNB Antenna 
	8 Tx for each TRP 

	UE Antenna 
	4 Rx cross polarized with 0.5λ antenna spacing

	MCS
	AMC

	TRP Number
	2

	UE Number
	1

	Layer Number
	2 Layer/TRP

	Precoder
	SVD

	CP
	Normal

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC

	Waveform
	CP-OFDM
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