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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#114, the agenda of CovEnh - DWS has been completed and draft TS38.212 mainly capture the previous agreements on the DWS [1]. In this contribution, we share the view of remaining issues on DWS for Rel-18 coverage enhancement.
Discussions
maxRank application for DWS case
In RAN1#114bis, regarding application of DWS, following was agreed [2].
	Agreement
For PUSCH scheduled by DCI format 0_1 (0_2) in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1 and [dynamicTransformPrecoderIndicationDCI-0-1]  ([dynamicTransformPrecoderIndicationDCI-0-2]) set to ‘enabled’: 
· If higher layers and/or DCI set uplink resource allocation to type 0, UE does not expect that Transform precoder indicator field indicates that transform precoder is enabled.
· [bookmark: _Hlk148051286]Note: further investigate any specification change.
Agreement
For PUSCH scheduled by DCI format 0_1 (0_2) in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1 and [dynamicTransformPrecoderIndicationDCI-0-1] ([dynamicTransformPrecoderIndicationDCI-0-2]) set to ‘enabled’:
· If dmrs-Type corresponding to the PUSCH is set to type2, UE does not expect that Transform precoder indicator field indicates that transform precoder is enabled.
· Note: further investigate any specification change.



As similar case, the issue on maxRank has been provided in [3]. In existing specification, since the rank for DFT-S-OFDM is always assumed to be 1, there is no necessity to configure maxRank > 1. However, if the maxRank is shared between DFT-S-OFDM and CP-OFDM, the case of maxRank > 1 for DFT-S-OFDM would be required to support CP-OFDM with rank > 1.
In TS 38.212, for “Precoding information and number of layers” field, the number of bits and the applicable table is defined based on several parameters such as “number of antenna ports”, “transform precoder”, “maxRank”, “txConfig”, “FullPowerTransmission” and so on. However, for Codebook-based with 2 and 4 antenna ports, there is no definition for the case that transform precoder is enabled with maxRank > 1.
	38.212	7.3.1.1.2	Format 0_1
(omitted)
-	Precoding information and number of layers - number of bits determined by the following:
-	0 bits if the higher layer parameter txConfig = nonCodeBook;
-	0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;
-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRank if multipanelScheme is not configured or max{maxRank, maxRankSfn} if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} if multipanelScheme = sdmScheme, and codebookSubset; 
-	4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=2 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 2 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 2 if multipanelScheme = sdmScheme, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=3 or 4, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and maxRank=1 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 1 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 1 if multipanelScheme = sdmScheme, and codebookSubset; 
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 1 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 1 if multipanelScheme = sdmScheme, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRank if multipanelScheme is not configured or max{maxRank, maxRankSfn} if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} if multipanelScheme = sdmScheme, and codebookSubset; 
-	2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, transform precoder is disabled, maxRank=2 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 2 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 2 if multipanelScheme = sdmScheme, and codebookSubset=nonCoherent;
-	1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and maxRank=1 if multipanelScheme is not configured or max{maxRank, maxRankSfn}=1 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm}=1 if multipanelScheme = sdmScheme,  and codebookSubset; 
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 1 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 1 if multipanelScheme = sdmScheme, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
(omitted)



Observation 1: Current tables for Precoding information and number of layers field (with 2 and 4 antenna ports) do not support the case that transform precoder is enabled and maxRank > 1.
To solve this issue, there are mainly two approaches:
· Option 1: When transform precoder is enabled by transform precoder indication field, UE applies maxRank = 1 irrespective of the value configured by the higher layer parameter maxRank.
· Option 2: When DWS is configured, the network ensures to configure maxRank = 1
To compare these approaches, it should be discussed whether the scenario that maxRank is shared between the case of transform precoder enabled (with rank 1) and the case of transform precoder disabled (with rank>1) should be supported or not.
If the use case of DWS is only between the case of transform precoder enabled (with rank 1) and the case of transform precoder disabled (with rank 1), we can simply go to option 2 and any specification changes may not be necessary. On the other hand, if the use case of DWS includes the dynamic switching between different ranks (may include both direct switching: CP-OFDM(rank>2) <-> DFT-S-OFDM(rank 1) and indirect switching: (CP-OFDM(rank>2) <-> CP-OFDM(rank 1) <-> DFT-S-OFDM(rank 1)), Option 1 needs to be considered. We are open for both options, but at least the supported use case of DWS needs to be clarified.
Observation 2: Whether the use case of DWS includes the dynamic switching between different ranks needs to be clarified.
Proposal 1: It should be clarified that how to solve issue on maxRank in DWS case:
· Option 1: When transform precoder is enabled by transform precoder indication field, UE applies maxRank = 1 irrespective of the value configured by the higher layer parameter.
· Option 2: When DWS is configured, the network ensures to configure maxRank = 1



Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Current tables for Precoding information and number of layers field (with 2 and 4 antenna ports) do not support the case that transform precoder is enabled and maxRank > 1.
Observation 2: whether the use case of DWS includes the dynamic switching between different ranks needs to be clarified.
Proposal 1: It should be clarified that how to solve issue on maxRank in DWS case:
· Option 1: When transform precoder is enabled by transform precoder indication field, UE applies maxRank = 1 irrespective of the value configured by the higher layer parameter.
· Option 2: When DWS is configured, the network ensures to configure maxRank = 1
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