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1
Introduction
During 3GPP RAN1#88 we have agreed that 1 CW is used for up to 2 layers, 2 CWs are going to be supported in NR at least when utilizing 5-8 layers. The main open issue is if 1 or 2 CWs are going to be used for 3 and 4 layers, the working assumption being 1 CW.
	· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE:

· For 1 to 2-layer transmission: 1 codeword

· For 5 to 8-layer transmission: 2 codewords

· For 3 to 4-layer transmission: 1 codeword as working assumption

· FFS: the support of Alt2 (mapping 2-CW to 3 layers and 2-CW to 4 layers)

· Companies are encouraged to evaluate the case of multi-panel/multi-TRP scenarios


In this contribution, we address the above issues from the single and multi-point perspective.
2
Discussion
Before starting the discussion, it is important to state the requirements the NR CW2layer design needs to meet: 

Single TRP

1.
A point can transmit from 1 to 8 layers

2.
A point may use two codewords for a high number of layers

Multi TRP requirements

1.
Ideal and non-ideal backhaul should be supported

2.
Centralized and independent scheduler should be supported

3.
PDCCH decoding complexity

4.
UL feedback overhead

First, it is important to take a look at the possible configurations enabled by the current agreements. An important point lies in the following wording: “NR supports the following number of codewords per PDSCH/PUSCH assignment per UE”. By this we understand that in multi TRP operation, for one UE we may be able to have several configurations as follows: 
· One PDSCH with 1 CW mapped to a number of layers, for example 4.

· More than one PDSCHs with per PDSCH CW mapped to a number of layers.

In Figure 1 we consider various cases which are currently supported by the agreement and in addition we depict the missing cases in case 2 CWs are used for 3 and 4 layers. For example, in a two TRP CoMP configuration, the network with ideal backhaul and centralized scheduler may transmit a single PDSCH with a single CW mapped to for example 4 layers (Figure 1e). In a network configuration with non-ideal backhaul, the decentralized scheduler may transmit two PDSCHs with a single CW mapped to for example 2 layers (Figure 1f). Both implementations are possible, pending the agreement of multi-connectivity devices and their operation.
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Figure 1: Multi-TRP implementation options of current agreements of CW to layer mapping.
3
CW to layer mapping
For spatial multiplexing, having the agreement that a maximum number of codewords equals two, one needs to design the codework to layer mapping rules for initial transmissions and retransmissions. LTE us supporting a direct mapping of codewords to layers, rules which we recap in the Appendix. The following design criteria can be considered:
· The first codeword is mapped to fewer layers than the second codeword when the number of layers is odd.

· Each codeword is mapped on an equal number of layers when the number of layers is even.
In Figure 2 we present such codeword to layer mapping which is following the LTE principles and also is in line with the current working assumptions of one codeword mapped to up to four layers and two codewords mapped to 5 to 8 layers. Such split between one and two codewords provides in fact a good balance of options as retransmission of more than 5 layers are utilizing the one codeword mapping rules.
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Figure 2: Codeword to layer mapping rules for initial transmission and re-transmission, when 1 CW is mapped up to 4 layers and 2 codewords are mapped to 5 - 8 layers.
In Figure 3 we present the codeword to layer mapping rules when one codeword is mapped up to 2 layers and 2 codewords are mapped from 3 up to 8 layers. One problem lies in the fact that two sets of CW2layer mapping rules need to be defined for ranks 3 and 4 as single codeword implementations are needed for retransmisson of the high layer configurations. 
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Figure 3: Codeword to layer mapping rules for initial transmission and re-transmission, when 1 CW is mapped up to 2 layers and 2 codewords are mapped to 3 - 8 layers.
Another options is to consider uniform layer mapping where each codeword is uniformly distributed over all available layers, such process enabling the use of SIC receivers. However, since SIC is not a receiver of choice foro NR, we do not see other benefits of such operation and hence we are not pursuing this option.

Proposal 1: confirm the working assumption and adopt 1 codework for 3 and 4 layers.
Proposal 2: adopt a direct mapping of codewords to layers as presented in Figure 2
4
Flexible implementation of CW to layer mapping
In the above discussion, we have presented options for codeword to layer mapping to be defined in the specification. In the following we detail a flexible implementation which can exploit the one codeword to layer mapping and the transmission of multiple PDSCH. 

In a multi TRP environment, receiving one PDSCH from one TRP, hence multiple PDSCHs from multiple TRPs, looks like a straightforward implementation. Such operation is supported by the agreed CSI framework as follows: gNB configures multiple CSI reporting settings and resources settings for each TRP, UE measures the channel for each TRP, computes and reports the necessary feedback. From a PDSCH reception perspective, the UE does not know where the data channels are coming from, as they may be coming from different or the same TRPs. 

Let us consider the transmission of multiple PDSCHs from the same TRP. The CSI reporting settings and the resource settings can be configured as in the multiple TRP setup, up to a point. There is however a fundamental difference: the multiple codewords/PDSCHs transmitted from the same point are experiencing the same radio channel, hence some indication to the UE is needed in order to compute the CQI corresponding to each codeword. Indeed, the CSI computation mechanisms at the UE are to some extent an implementation-specific process. The UE is computing rank and PMI, while the CQI is typically computed taking into account the codeword to layer mapping rules defined by the specification. The network can however utilise codebook subset restriction to indicate to the UE which PMIs/layers are to be utilized. 
The following implementation is possible based on the current CSI framework. In a first stage, the gNB needs to know the maximum rank and PMI that the UE can support. This can be obtained by traditional CSI feedback configuration. If multiple codewords need to be scheduled via different PDSCHs, the gNB can configure the following. This step is needed in order to get the full rank of the channel and hence allow the gNB the possibility to decide how many layers need to be scheduled and how they need to be grouped, this being indicated to the UE based on the next steps, by using the codebook subset restriction signalling. In a second time instant, the gNB configures one CSI reporting and indicates through codebook subset restriction that CSI feedback needs to be delivered only for a specific number of layers (codebook subset restriction being part of the CSI reporting setting). Such CSI feedback corresponds to a first codeword. The gNB also configures another CSI reporting setting and indicates through codebook subset restriction that CSI feedback needs to be delivered only for a number of layers. Such CSI feedback is corresponding to a second codeword. It remains that the UE is indicated that two PDCCH assignments are available in the same search space, this enabling the dual PDSCH reception from the same TRP.
Observation: multiple PDSCH transmission from the same TRP is supported by the current CSI framework.

5
System performance – SU-MIMO at 30GHz

In this section, we present system level simulation results for the NR-UMa channel at 30GHz with the system parameters described in [4]. We consider the case of downlink SU-MIMO with both the TRP array and the UE array having four sub-panels, which results in 8 RF beam ports at both ends of the SU-MIMO downlink. See [4] for more details on the system assumptions. We consider the case in [4] where we restrict the maximum number of transmission layers to be 4 and leverage the “EBF-WB” transmission method at baseband (the baseband precoding over the selected RF beams is wideband and based on an eigenbeamformer computed based on reciprocity). We consider three cases:

· a single codeword multiplexed across all transmission layers (maximum rank per codeword = 4)
· maximum of two codewords to be multiplexed across all transmission layers (maximum rank per codeword = 2)

· a maximum of four codewords to be multiplexed across all transmission layers (maximum rank per codeword = 1).

Figure 5 shows the mean and cell edge throughputs for the above three cases. As can be seen there is a slight degradation in leveraging two or four codewords for the case of maximum 4 transmission layers. These results indicate that it would be reasonable to confirm the working assumption that the maximum rank 4 case shall be single codeword only, as was already proposed above.  

[image: image13]
Figure 4:  single-point system level simulation, SU-MIMO in NR-UMa at 30GHz, 8 beam ports at both TRP and UE.

6
Conclusions
In this contribution we have been analysing the number of codewords needed in NR operation. The following proposals are summarized:
Proposal 1: confirm the working assumption and adopt 1 codework for 3 and 4 layers.

Proposal 2: adopt a direct mapping of codewords to layers as presented in Figure 2
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A
Appendix

The CW to layer mapping rules are specified in LTE 36.211 as follows:

reference signals is two or larger.

Table 6.3.3.2-1: Codeword-to-layer mapping for spatial multiplexing

	Number of layers
	Number of codewords
	Codeword-to-layer mapping
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