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1. INTRODUCTION
Rel-18 proposes further enhancements to the MIMO feature [1]. The WID scope includes Objective 5 on SRI/TPMI enhancements to enable 8 Tx UL operation:

	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 RAN1#114bis meeting, RAN1 made several agreements, some of which are outlined below [2]:
	Agreement
Adopt the following text proposal to TS 38.212.
	5.4.2.1	Bit selection
<omitted unchanged part>
For one TB for UL-SCH, or for one TB for DL-SCH/PCH except for DL-SCH with PDSCH scheduled by DCI format 4_0/4_1/4_2,
-	maximum number of layers for one TB for UL-SCH is given by the minimum of X and 4, where
-	if the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter 
-	elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum value of maxRank across all BWPs of the serving cell
-	otherwise, X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell
-	maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where
-	if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter
-	otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell
<omitted unchanged part>



Agreement
Adopt the following text proposal to TS 38.212.
	7.3.1.1.2	Format 0_1
<omitted unchanged part>
	UL-SCH indicator – 0 or 1 bit as follows 
-	0 bit if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; 
-	1 bit otherwise. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. If a UE does not support triggering SRS only in DCI, except for DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, the UE is not expected to receive a DCI format 0_1 with UL-SCH indicator of "0" and CSI request of all zero(s). If a UE supports triggering SRS only in DCI, except for DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, the UE is not expected to receive a DCI format 0_1 with UL-SCH indicator of "0", CSI request of all zero(s) and SRS request of all zero(s). UE is not expected to receive a DCI format 0_1 with UL-SCH indicator of "0" when indicated number of PUSCH transmission layers is larger than 4.
<omitted unchanged part>



Agreement
For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, the following precoder is supported. 
	Rank = 4

	


If additional precoders cannot be agreed in RAN1#114bis, no additional precoders will be introduced in Rel-18.

Agreement
Adopt following text proposals for TS 38.212.
	[bookmark: _Toc148101599]7.3.1.1.2	Format 0_1
<omitted unchanged part>

-	Modulation and coding scheme – 5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the transport block 2 is configured for the indicated bandwidth part and the transport block 2 is not configured for the active bandwidth part, the UE assumes zeros are padded when interpreting the "Modulation and coding scheme", "New data indicator", and "Redundancy version" fields of transport block 2 according to Clause 12 of [5, TS38.213], and the UE ignores the "Modulation and coding scheme", "New data indicator", and "Redundancy version" fields of transport block 2 for the indicated bandwidth part.
<omitted unchanged part>



Agreement
Adopt the following TP to TS 38.214.
	<Unchanged parts omitted>
6.1.1.1	Codebook based UL transmission
…
A UE shall not expect to be configured with higher layer parameter ul-FullPowerTransmission set to 'fullpowerMode1' and codebookSubset or codebookSubsetDCI-0-2 set to 'fullAndPartialAndNonCoherent' simultaneously.

A UE shall not expect to be configured with higher layer parameter ul-FullPowerTransmission set to 'fullpowerMode1' and CodebookType set to 'Codebook1' simultaneously.

The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource(s) indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.
…
<Unchanged parts omitted>






While RAN1 has completed the task on enabling 8 Tx UL transmission including codeword layer mapping, precoding codebook determination, and precoder design including antenna grouping, some remaining issues on codebook design for partially-coherent UE and codebook configuration aspects are left for this maintenance phase [3] which are the focus of this contribution.

2. REMAINING ISSUE ON 8TX UE

On port mapping function 
In the last meeting [2], the issue on how to clearly capture the definition of antenna group in the specifications has been identified and discussed in RAN1, which couldn’t reach a consensus. Since the current version of specification TS38.214 has the following expressions already, this issue needs to be resolved in this meeting:
	(In Section 6.1.1.1)  …
A UE does not expect to be configured by CodebookType with a value of CodebookType that does not correspond to one of the values of UL_8TX_Ng reported in its capability. A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookType is set to 'Codebook1' corresponding to Ng=1, where Ng represents the number of antenna port-groups. 
…
(In Section 6.2.3.1)  …
For partial coherent codebook for 8TX PUSCH transmission, Lx is the number of PUSCH layers in the antenna group which are precoded coherently with the PUSCH layer/DM-RS port that PT-RS port x is associated with, and Qp is the number of PT-RS ports scheduled to the UE.



The following two proposals were discussed in the last meeting, where the first one is to clearly capture each antenna group is associated with one or more antenna ports in the port mapping function table, and the second one is to describe requirements for antenna coherency within an antenna group referring to RAN4 specification.

	Proposal 3.1a: Adopt the following text proposals to TS 38.211 and TS 38.214.
· Reason for change:  
· The current specifications in TS 38.211 and TS 38.214 do not clearly describe the relationship between the codebook2, codebook3, codebook4 and antenna groups.
· Summary of change: Addition of four columns to the existing Table 6.3.1.5-8
· Consequences if not approved: Unclear association of antenna ports to antenna groups.

· Alt-a: Adopt the following text proposals to TS 38.211 and TS 38.214.
	-------------------------------------------Unchanged parts are omitted-------------------------------------------
Table 6.3.1.5-8: The port mapping function  for transmission using 8 antenna ports.
	
	Higher-layer parameter CodebookType
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	Antenna Group1
	0
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	0
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	Antenna Group3
	2

	3
	
	3
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	2
	Antenna Group3
	2
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-------------------------------------------Unchanged parts are omitted-------------------------------------------




Proposal 3.1b:
· Adopt the following text proposal to TS 38.214.
	-------------------------------------------Unchanged parts are omitted-------------------------------------------
For codebook based transmission with eight antenna ports, the UE determines its codebook based upon the reception of higher layer parameter[s] CodebookType and ULcodebookFC-N1N2 if CodebookType is configured with Ng=1 in pusch-Config for PUSCH associated with DCI format 0_1 and 0_2, depending on the UE capability. According to the configured CodebookType, requirements for coherent UL MIMO apply within an antenna group 38.101-1.
-------------------------------------------Unchanged parts are omitted-------------------------------------------








In our view, Proposal 3.1a is an essential and easy way to clarify the antenna group and its port mapping since it is based on RAN1 agreements made in Rel-18. There seems no critical reason not to capture this into specification. Further, we also find Proposal 3.1b helpful although the corresponding RAN4 discussions are still needed on how to define such requirements for antenna coherency.

Proposal 1: Adopt the text proposals in Proposals 3.1a which clarifies port mapping function table by adding columns that describe how many antenna groups are defined per CodebookType and which antenna ports are belonging to each antenna group clearly.

On UE-preferred max number of layers 
In the current TS 38.331, the IE UEAssistanceInformation for UE power saving feature incudes a parameter maxMIMO-LayerPreference within which a UE-preferred maximum number of layers for each of FR1 and FR2 can be reported by the UE for the UE power saving purpose. Since the current parameters (reducedMIMO-LayersFR1-UL and reducedMIMO-LayersFR2-UL) of the UE-preferred maximum number of layers are up to 4 layers in UL [3], this needs to be increased by up to 8 layers to accommodate correctly the 8TX UE.

Proposal 2: To accommodate 8TX UE with the UE power saving feature, extend a value range of the existing RRC parameter of reducedMIMO-LayersFR1-UL and reducedMIMO-LayersFR2-UL to be up to 8 layers.

3. CONCLUSIONS
In this contribution, we discussed remaining issues on codebook design for partially-coherent UE and codebook configuration aspects, and made the following proposals:

Proposal 1: Adopt the text proposals in Proposals 3.1a which clarifies port mapping function table by adding columns that describe how many antenna groups are defined per CodebookType and which antenna ports are belonging to each antenna group clearly.

Proposal 2: To accommodate 8TX UE with the UE power saving feature, extend a value range of the existing RRC parameter of reducedMIMO-LayersFR1-UL and reducedMIMO-LayersFR2-UL to be up to 8 layers.
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