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1. Introduction
In the last RAN1 meeting, the following agreement regarding CW to layer mapping were made:
Agreements:
· Confirm the following working assumption as an agreement:
· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE
· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions
· One UL- or DL-related DCI includes one MCS per CW
· One CQI is calculated per CW
In this contribution, we have discussed the number of codewords and codeword to layer mapping and data RE mapping,
Discussion
The maximum number of supported codewords impacts the physical layer design in many ways. Given that the support of mapping 2-CW to 3 layers and 2-CW to 4 layers is FFS, we share our view on it considering at least the following aspects: potential link adaptation gain, CoMP and HARQ retransmission.
By using multiple codewords, link adaptation per codeword can be supported while it leads to more signalling overhead both for CQI reporting, and for HARQ ACK/NACK feedback. The benefits of flexible link adaptation using multiple codewords should be carefully studied, taking into account channel characteristics of NR system. For example, bi-direction antenna panels at UE side can be used by taking into account random UE rotation so that the channel quality from one direction can be different from the opposite direction. To be specific, UE is equipped with two panels and each of them has X-pol antenna and heads for different direction so that rank 2 for one panel and rank 2 for another panel, i.e., totally rank 4, have different channel quality. In this case, supporting two codewords for more than rank 2 is preferable.
In NR, various CoMP schemes shall be supported including different NR-PDSCH data stream transmissions from multiple TRPs, which was agreed in the last RAN1 adhoc meeting. In this case, independent layers from different TRPs are likely to have different channel quality. As a result, flexible link adaptation from multiple codewords helps to optimize MCS and improve throughput. For example, in case of high carrier frequency above 6GHz, each TRP utilizing X-pol antennas is likely to have up to rank 2 due to large path loss of non-LOS channel so that NCJT is needed especially for more than rank 2 transmission. Therefore, supporting multiple codewords for NCJT more than rank 2 is desirable in order to achieve TRP specific link adaptation. Further studies on maximum number of codewords more than two may be considered to support independent layer JT across multi-TRP more efficiently (i.e., one codeword per TRP).
Observation 1: Considering independent layer JT and the channel characteristics resulting from high carrier frequency and UE antenna configuration, multiple codewords can provide a potential gain taking advantage of better link adaptation.
Proposal 1: Consider supporting of 2 codewords for 3 and 4 layers.
Above, supporting multiple codewords for rank 3 and 4 is discussed in terms of initial transmission. In case of retransmission, single codeword retransmission for rank 3 and 4 has retransmission latency issue. For example, we can consider the situation that initial transmission rank is 5 and the both codewords are NACKed. In this case, if reported rank changes from 5 to 4 before retransmission, the two codewords cannot be retransmitted at the same time despite multiple rank retransmission (i.e., rank 4) because only single codeword is allowed for rank 4 retransmission. It results in retransmission latency. In order to avoid this, 2 codewords retransmission for rank 4 needs to be supported.
Proposal 2: For retransmission, support 2 codewords at least for 4 layers.
Along with the maximum number of codewords, codeword-to-layer mapping should be studied for NR. More flexible codeword-to-layer mapping can be considered to reflect propagation characteristics (e.g., large-scale fading) of TRPs and beams. For example, we can consider a 3 TRP CoMP with 2 codewords where the first codeword is mapped to spatial layers of 2 TRPs with similar propagation environments, and the second codeword is used to transmit layers of 1 TRP with entirely different propagation characteristics from previous TRPs. To support flexible codeword-to-layer mapping, it can be considered for gNB to indicate the mapping or for UE to feedback preferred mapping. Furthermore, LTE codeword to layer mapping for more than 4 layers should be at least supported. In other words, the first layers are mapped to the first CW while the remaining layers are mapped to the second CW.Proposal 3: Flexible codeword-to-layer mapping can be considered especially for independent layer joint transmission.
Proposal 4: LTE codeword-to-layer mapping for more than 4 layers should be at least supported. In other words, the first layers are mapped to the first CW while the remaining layers are mapped to the second CW.
Regarding data to RE mapping, we need to take into account several aspects such as waveform and DMRS pattern. To be specific, DFT-S-OFDM case, each data symbol is spreaded over scheduled RBs because of DFT spreading, the need of frequency first mapping seems not strong. Also, considering a front loaded DMRS pattern in DFT-S-OFDM case, frequency first mapping is not preferable since consecutive data symbols can be failed which is difficult to recover by channel coding, considering code blocks located far from DMRS suffer from low channel estimation performance. Furthermore, By using time first mapping, each code block can achieve not only frequency diversity coming from DFT spreading but also time domain channel diversity. It is true that frequency first mapping can provide the benefit of fast decoding. However, gNB generally has a powerful computation power to reduce decoding time, and time first mapping ensures that each code block achieves the same level of time and frequency diversity and channel estimation accuracy. Therefore, like LTE, time first mapping should be supported in UL DFT-S-OFDM case.
Proposal 5: Layer-time-frequency mapping should be supported in UL DFT-S-OFDM case.
 In CP OFDM case, there is no such frequency diversity effect coming from DFT spreading so that frequency first mapping can provide frequency diversity gain. Also, low decoding latency can be achieved. The issues of frequency first mapping in this case are DMRS channel estimation and URLLC puncturing. First, For example, if there is only a front loaded DMRS OFDM symbol in a slot, channel estimation performance for the OFDM symbol far from the DMRS is low so that frequency first mapping may have a negative performance impact. If additional DMRS is used, this negative performance impact of frequency first mapping will be reduced. Secondly, in URLLC puncturing case, some code blocks allocated to a mini slot, i.e., 1 or 2 OFDM symbol(s), can be fully punctured, resulting in increasing initial NACK probability. CBG level HARQ can be helpful in efficient retransmission, but it depends on CBG granularity.
Observation 2: In CP OFDM case, frequency first mapping provides frequency diversity gain and fast decoding benefit while certain code block(s) can suffer from low channel estimation performance and URLLC puncturing.

2. Conclusion
In this contribution, we have discussed the number of codewords and codeword to layer mapping, and proposed as following:
Observation 1: Considering independent layer JT and the channel characteristics resulting from high carrier frequency and UE antenna configuration, multiple codewords can provide a potential gain taking advantage of better link adaptation.
Proposal 1: Consider supporting of 2 codewords for 3 and 4 layers for initial transmission.
Proposal 2: For retransmission, support 2 codewords at least for 4 layers.
Proposal 3: Flexible codeword-to-layer mapping can be considered especially for independent layer joint transmission.
Proposal 4: LTE codeword to layer mapping for more than 4 layers should be at least supported. In other words, the first layers are mapped to the first CW while the remaining layers are mapped to the second CW.
Proposal 5: Layer-time-frequency mapping should be supported in UL DFT-S-OFDM case.
Observation 2: In CP OFDM case, frequency first mapping provides frequency diversity gain and fast decoding benefit while certain code block(s) can suffer from low channel estimation performance and URLLC puncturing.

