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1. Introduction
In the RAN plenary #98-e meeting, the revised WID entitled “WID Update: MIMO Evolution for Downlink and Uplink” was endorsed including the following objective [1].
	5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices

· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In RAN working 1 #112 meeting, RAN1 made some agreements, and further discussion points were outlined regarding dual codewords (CW) PUSCH transmission as shown below [2].
	Agreement

To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support

· Alt.2: A second MCS field (5 bits) is indicated for the second codeword
Agreement

To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 

· FFS: Details on how to signal
Agreement

To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,

· Alt1: First CW

· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)




The following topics are identified as high priority topics for discussion in this meeting from the moderator [3]. In this contribution, we discuss remaining details for specification support of dual CW transmission in uplink.
	High Priority Topics

· Partially/Non-coherent precoding: 

· Codebook structure for Ng=2

· Decision for supported cases of layer to antenna group mapping for Ng=4 

· Discuss precoding indication 

· Fully-coherent precoding: 

· Decision on applicability of oversampling values (2,1) and (2,2) per agreed (N1, N2)

· Discuss precoding indication

· Based on UL legacy indication by using an index

· Based on DL indication by using i1, i2, … etc.

· Remaining details for specification support of dual CW transmission: 

· Down-selection between the two alternatives as the target CW for UCI multiplexing

· Enabling/Disabling the second CW

· Discuss other aspects; CBG, configured grant operation, etc.

Other Topics

· Others:

· Down-selection between the two options for NCB SRI indication


2. Discussion

2.1. MCS, NDI and RV indication
As shown in Sect 1, the details on MCS, NDI and RV indication for 2nd codeword (CW) was discussed, and some agreements were made. In order to finalize signaling specification for the MCS, NDI and RV indication, it is necessary to determine which DCI format should be used for the indication. First, DCI format 0_0 is a fallback DCI format and does not support MIMO of which the number of layers is equal to or more than 2. In other words, DCI format 0_0 is outside the scope of this discussion. Hence, DCI format 0_1 and DCI format 0_2 are the subject of discussion, and it is necessary to examine whether to specify MCS, NDI and RV indication for 2nd CW for any or both of them. Here, DCI format 0_2 was originally standardized in Release 16, and its purpose was to reduce the coding rate of PDCCH by reducing the number of information bits in the DCI format, thereby achieving the high reliability required for URLLC traffic. In view of this purpose, increasing the number of information bits in the DCI format 0_2 by including MCS, NDI, and RV indication for the 2nd CW is contrary to the purpose. Therefore, the MCS, NDI, and RV indication for the 2nd CW should be included in DCI format 0_1.
Proposal 1: MCS, NDI and RV indication for 2nd CW is specified in DCI format 0_1.
2.2. UCI multiplexing

If there is transmission time overlapping between the PUCCH and PUSCHs in a UE, and the UE does not meet the conditions for simultaneous transmission of the PUCCH and the PUSCHs, the UE will multiplex the uplink control information transmitted on the PUCCH into the PUSCHs. Therefore, it is necessary to specify how to multiplex the UCI into the two codewords of PUSCHs during dual CW transmission.
As indicated in Sect. 1, two alternatives were listed regarding multiplexing methods for UCI to dual CW transmission in RAN1 #112 meeting. Alt1 is a very simple method of multiplexing UCI to the first CW side. On the other hand, Alt2 multiplexes it to the CW with the higher MCS among the two CWs. Here, strictly speaking, it is correct to say "multiplexing UCI to the CW with the higher MCS indicated at the time of its initial transmission." The intention of multiplexing UCI to the CW with the higher MCS is to minimize the increase in the block error rate of the CW caused by multiplexing the UCI. It is desirable to multiplex UCI to the CW with a high MCS because the impact of multiplexing UCI can be relatively small due to the large transport block size of the CW. On the other hand, the disadvantage of Alt2 is that the gNB/UE must manage the MCS of the first transmission of the two CWs for each HARQ process and determine which CW to multiplex the UCI to, which makes the implementation of the gNB/UE somewhat complicated. Therefore, if the gain when multiplexing UCI to the CW with a higher MCS among the two CWs can be sufficiently confirmed, Alt 2 should be adopted.
Proposal 2: if the gain when multiplexing UCI to the CW with a higher MCS among the two CWs can be sufficiently confirmed, Alt 2 should be adopted.
2.3. Second CW enabling/disabling

According to the topics identified as high priority for discussion in this meeting by the moderator, as shown in Sect. 1, it is necessary to study how to dynamically disable the second CW during dual CW transmission. In the uplink, the UE is configured with the maximum number of PUSCH layers that can be transmitted by maxRank in PUSCH-Config, and the actual number of layers used by an individual PUSCH is specified by the bit field of "Precoding information and number of layers" or “SRS resource indicator” in the DCI format.
When dual CW transmission is introduced, if the maxRank is configured with 5 or more, the bit field for MCS, NDI and RV for the second CW is provided in the DCI format as a straightforward extension method to indicate the second CW. Of course, in the case where the maxRank is configured with less than 5, the bit field for MCS, NDI and RV for the second CW do not need to be included in the DCI format, as in the Release 17.

Proposal 3: The bit field for MCS, NDI and RV for the second codeword is included in the DCI format only when the maximum number of layers that UE can transmit is configured by maxrank to be greater than 4.

Then, regarding how to disable the second CW, the following two schemes could be considered.

· Alt. 1： the scheme which are adopted in downlink, that is, the second codeword is disabled when IMCS = [26] and rvid = 1.

· Alt. 2: the new scheme for uplink only which uses the bit fields of "Precoding information and number of layers" and/or “SRS resource indicator”.
· The bit field “SRS resource indicator” is used for non-codebook-based transmission.

· The bit field “Precoding information and number of layers” is used for codebook-based transmission.
There is no difference between the two alternatives in terms of disabling the second CW. However, the method in Atl. 1 ties a certain combination of IMCS and rvid values, which are rarely used in the gNB scheduler, to the information of “disable second CW”. However, if other information can disable the second CW, that would be preferable, as it would eliminate the need for constraints on the gNB scheduler. Unlike the downlink, the uplink has separate information indicating the number of transmission layers, such as "Precoding information and number of layers" and "SRS resource indicator". Therefore, it is more desirable to ignore MCS, NDI and RV in the second CW only when the number of transmission layers is indicated to be 4 or less according to the information from those bit fields.
Proposal 4: Even if the bit field for MCS, NDI and RV for the second codeword is included in the DCI format, UE ignores the field for the second CW and only transmit the first CW when the number of layers indicated by the field “Precoding information and number of layers” or "SRS resource indicator" is less than or equal to 4.
3. Conclusion
In this contribution, we discussed issues on details for specification support of dual codewords transmission in uplink. Based on the discussion above, we made the following proposals.
Proposal 1: MCS, NDI and RV indication for 2nd CW is specified in DCI format 0_1.
Proposal 2: if the gain when multiplexing UCI to the CW with a higher MCS among the two CWs can be sufficiently confirmed, Alt 2 should be adopted.
Proposal 3: The bit field for MCS, NDI and RV for the second codeword is included in the DCI format only when the maximum number of layers that UE can transmit is configured by maxrank to be greater than 4.
Proposal 4: Even if the bit field for MCS, NDI and RV for the second codeword is included in the DCI format, UE ignores the field for the second CW and only transmit the first CW when the number of layers indicated by the field “Precoding information and number of layers” or "SRS resource indicator" is less than or equal to 4.
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