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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.


At the RAN working 1 #112-bis meeting, RAN1 made some agreements regarding dual codewords (CW) PUSCH transmission as shown below [2].
	Agreement

To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the DL principle for CBGTI DCI field is reused where,
· The first half of CBGTI field bits is used to indicate the transmission state of CBGs of the first transport block, while the second half of CBGTI field bits is used to indicate the transmission state of CBGs of the second transport block.
· The bit field may be configured to have a length of N bits that can support operation of N/2 CBGs , where N=[2, 4, 6 or 8].
Agreement
For 8TX UE supporting dual CW PUSCH (Maximum number of layers configured for the UE is larger than 4) 
· Alt1 – DL principle is reused for disabling transmission of a transport block, where
· The combination of IMCS = 26 and rvid = 1 indicated for a CW is used as an indication to disable (when transmission rank<=4) transmission of its corresponding TB
· The enabled transport block is mapped to the first CW.
· Note: When the transmission of a transport block is disabled, the number of layers is ≤ 4.
· Note: the first CW refers to the enabled CW.
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 scheduled CWs

· Alt2: The CW with the higher MCS index (if MCS indices are the same, UCI is multiplex on the first CW)

· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.


In this contribution, we discuss remaining details for specification support of dual CW transmission in uplink.
2. Discussion

2.1. MCS, NDI and RV indication
As shown in Sect 1, the details of the MCS, NDI and RV indications for the 2nd codeword (CW) were discussed, and some agreements were reached. In order to finalize signaling specification for the MCS, NDI and RV indications, 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, in 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 indications for the 2nd CW for either 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 indications for the 2nd CW is contrary to the purpose. Therefore, the MCS, NDI, and RV indications for the 2nd CW should be included in DCI format 0_1.
Proposal 1: MCS, NDI and RV indications for the 2nd CW are specified in DCI format 0_1.
2.2. Dual CW transmission in configured grant transmission
One topic related to dual CW transmission in uplink that has been discussed offline in the last meeting but has not yet been resolved is how to cope with the dual CW transmission in the case of configured grant transmission. When the radio environment does not change for a certain period of time and when traffic with a fixed pattern is generated, the configured grant transmission can be utilized, which leads to PDCCH signaling overhead being reduced. However, in the case of a radio environment where transmission of more than 4 layers with 8 Tx antennas is possible, where dual CW transmission is adopted, it is easy to imagine that the radio environment will dynamically change, which means that configured grant transmission is not particularly suitable for such radio environment. On the other hand, the use cases assumed in the discussion of 8 Tx uplink transmission include FWA and industrial environments, and it is considered possible to maintain a fixed radio environment to some extent in these limited use cases. In that sense, it might be desirable to develop the specifications of configured grant-based transmission assuming the possibility of application to these use cases. 
Observation 1: Dual CW transmission for configured grant could potentially be applicable in some use cases (e.g., FWA and industrial) where a good wireless environment can be maintained to some extent.
There are two types of configured grant transmission: Type 1, in which the physical resources used for PUSCH transmission are semi-statically configured to a UE by RRC signaling, and Type 2, in which some information such as the PUSCH transmission cycle are semi-statically configured to the UE by RRC signaling and the physical resources actually used are activated by PDCCH. As mentioned above, dual CW transmission is applied in transmission with more than 4 layers, and in such an environment, fluctuations in the radio environment can easily occur. In that sense, type 2 configured grant transmission, in which physical resources used for the transmission can be dynamically controlled to some extent, would be meaningful for the dual CW transmission. On the other hand, Type 1 is supported when a clearer need is found in the environment where dual CW transmission is applied, because physical resources used for transmission are configured semi-statically.

Proposal 2: Type 2 configured grant transmission is supported in the case where maxRank and maxMIMO-Layers for uplink are set to be more than 4.
If dual CW transmission is to be supported in configured grant transmission, it is necessary to determine how to notify MCS of the 2nd CW from gNB to UE. For this point, it is sufficient to follow the notification method of MCS of the 1st CW. That is, MCS of the 2nd CW should be included in the DCI that activates the configured grant transmission, that is, the DCI addressed to CS-RNTI in the case of Type-2 configured grant transmission. Also, if Type-1 configured grant transmission is supported, it is sufficient to include MCS of the 2nd CW in rrc-ConfiguredUplinkGrant.
Proposal 3: MCS of the 2nd CW is included in the DCI addressed to CS-RNTI in the case of Type-2 configured grant transmission. Also, if Type-1 configured grant transmission is supported, it is included in rrc-ConfiguredUplinkGrant.
2.3. Bit field for CBG transmission information in dual CW transmission
As shown in Sect. 1, it was agreed in the RAN1 #112-bis meeting that when dual CW PUSCH operation is supported, the DCI bit field for the code block group transmission information (CBGTI) should divert the DL scheme when CBG-based transmission is configured.
Here, if the DL scheme is diverted, the bit field of CBGTI has a length of NTB x N bits from the following description in Sect. 5.1.7.1 and 5.1.7.2 of 3GPP TS 38.214 [3], where NTB is the value of the higher layer parameter maxNrofCodeWordsScheduledByDCI and N is the maximum number of CBGs per transport block as configured by maxCodeBlockGroupsPerTransportBlock.
	5.1.7.1
UE procedure for grouping of code blocks to code block groups

If a UE is configured to receive code block group (CBG) based transmissions by receiving the higher layer parameter codeBlockGroupTransmission for PDSCH, the UE shall determine the number of CBGs for a transport block reception as 
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where N is the maximum number of CBGs per transport block as configured by maxCodeBlockGroupsPerTransportBlock for PDSCH, and C is the number of code blocks in the transport block according to the procedure defined in Clause 7.2.3 of [5, TS 38.212].

<Omitted>
5.1.7.2
UE procedure for receiving code block group based transmissions

<Omitted>
· The 'CBG transmission information' (CBGTI) field of DCI format 1_1 is of length NTBN bits, where NTB is the value of the higher layer parameter maxNrofCodeWordsScheduledByDCI. If NTB=2 the CBGTI field bits are mapped such that the first set of N bits starting from the MSB corresponds to the first TB while the second set of N bits corresponds to a second TB, if scheduled. The first M bits of each set of N bits in the CBGTI field have an in-order one-to-one mapping with the M CBGs of the TB, with the MSB mapped to CBG#0.


Regarding the parameter maxCodeBlockGroupsPerTransportBlock for DL, it is defined as the following description in Sect. 6.3.2 of 3GPP TS 38.331 [4]. That is, in case of dual CWs, the value of 2 or 4 is an option for the parameter maxCodeBlockGroupsPerTransportBlock.
	PDSCH-CodeBlockGroupTransmission ::=    SEQUENCE {

    maxCodeBlockGroupsPerTransportBlock     ENUMERATED {n2, n4, n6, n8},

    codeBlockGroupFlushIndicator            BOOLEAN,

    ...

}

maxCodeBlockGroupsPerTransportBlock
Maximum number of code-block-groups (CBGs) per TB. In case of multiple CW, the maximum CBG is 4 (see TS 38.213 [13], clause 9.1.1).


From the results of the above parameter check, if the 8Tx UE supports dual CW PUSCH transmission, N in the agreement reached at the RAN1 #112-bis meeting shown in Sect. 1 should be 4 or 8 if the downlink scheme is diverted.
Proposal 4: In the agreement reached at the RAN1 #112-bis meeting regarding the CBGTI DCI field, N is 4 or 8 if the downlink scheme is diverted.
3. Conclusion
In this contribution, we discussed remaining issues on details for specification support of dual codeword transmission in uplink. Based on the discussion above, we made the following observation and proposals.
Proposal 1: MCS, NDI and RV indications for the 2nd CW are specified in DCI format 0_1.
Observation 1: Dual CW transmission for configured grant could potentially be applicable in some use cases (e.g., FWA and industrial) where a good wireless environment can be maintained to some extent.
Proposal 2: Type 2 configured grant transmission is supported in the case where maxRank and maxMIMO-Layers for uplink are set to be more than 4.
Proposal 3: MCS of the 2nd CW is included in the DCI addressed to CS-RNTI in the case of Type-2 configured grant transmission. Also, if Type-1 configured grant transmission is supported, it is included in rrc-ConfiguredUplinkGrant.
Proposal 4: In the agreement reached at the RAN1 #112-bis meeting regarding the CBGTI DCI field, N is 4 or 8 if the downlink scheme is diverted.
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