[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #117   	                              R1-2404552
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024
Agenda item:	9.2.3
Source:	LG Electronics
Title:	Discussions on 3-antenna-port codebook-based transmissions
Document for:	   Discussion and Decision
1. Introduction
In the last meeting, followings were agreed for 3 Tx UL transmission.
	Agreement
To support codebook-based UL transmission by a 3TX UE, the agreed rank1 precoders in RAN1#116 can also be used when transform precoding is enabled (DFT-s-OFDM ). 

Agreement
To indicate precoding information for codebook-based UL transmission by a 3TX UE, 
· Reuse legacy TPMI indication framework where TPMI and TRI are jointly indicated 
· TPMI field is 2 or 3bits for 3-antenna-port transmission
· For maxRank equals to 1, TPMI field is 2 bits for DFT-s-OFDM and CP-OFDM
· For maxRank equals to 2 or 3, TPMI field is 3 bits for CP-OFDM

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support Alt1, 
· Alt1: Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· FFS muting mechanism
where X can be up to 2, subject to UE capability.

Agreement
· For codebook-based UL transmission by a 3TX UE, when 2 PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows: 
	Value of MSB 
	DMRS port 
	Value of LSB 
	DMRS port 

	0 
	1st DMRS port which shares PTRS port 0 
	0 
	1st DMRS port which shares PTRS port 1 

	1 
	2nd DMRS port which shares PTRS port 0 
	1 
	2nd DMRS port which shares PTRS port 1


· Note: PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT_RS port 0, and PUSCH antenna port 1001 is associated with PT_RS port 1
· Number of bits used for the indication
· 1 bit

Agreement
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, support the following for muting one of the ports of the configured 4-port SRS resource,
· Option 3: Always a same port is muted, e.g., the 4th port

Agreement
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, UE splits a linear SRS power equally across the 3 unmuted antenna ports of the 4-port SRS resource.

Agreement
For 3-port codebook-based PUSCH transmission for a 3TX UE, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3 (except for full-power Mode 0).
· FFS: Whether specification needs to be updated to reflect the above

Agreement
For codebook-based UL transmission by a 3TX UE, when 1 PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows:
· Alt2: 2-bit indication
PTRS-DMRS association when 1 PT-RS port is configured
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port
Reserved 



Agreement
For a 3TX UE, support Rel-17 M-TRP PUSCH repetition where,
· Two SRS resource sets, each with up to 2 of 4-port SRS resources are configured, 
Note: The configured 4 port SRS resources are used to enable 3-port SRS transmission



In [1], the scope of the discussion for this meeting, and a list of all previous agreements related to this objective have been provided.
-	Closing remaining minor issues and details,
-	Discuss other potential functionalities,
This contribution discusses on remaining issues for 3-antenna-port codebook-based transmissions.

2. Discussions
Support of partial-coherent codebook for 3 Tx antenna UE
  In order to design partial-coherent codebook for 3 Tx antenna UE, UE antenna layout needs to be studied first.
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Figure 1. Examples of 3 Tx antenna layout

As shown above, 3 co-pol antenna port case can belong to design for non-coherent codebook, while other case (X-pol + co-pol) can belong to design for partial-coherent codebook as antennas within x-pol can maintain the relative phase. Thus, we focus on the X-pol + co-pol antenna layout for partial-coherent codebook design.
In above consideration, following codebook structure can be considered for partial coherent codebook.
	
	Codebook

	Rank 1
	 or 

	Rank 2
	 ,  or , 

	Rank 3
	or 



In the table above, the alphabet of x can be {1,j, -1, -j} and y can be chosen from {-1, -j} when x={1,j}, respectively, in order to maintain orthogonality. These x, y values are the same as legacy 2 Tx UL codebook, so legacy 2 Tx UL codebook can be reused for sub matrices corresponding to X-pol antennas, e.g.,  or . Also, the difference between yellow highlighted codebooks and others are port indexing, i.e., whether it is x-pol first indexing or co-pol first indexing. Thus, yellow highlighted codebooks seem to be sufficient. 

Proposal #1: For 3 Tx partial coherent codebook, adopt following codebook structure where the alphabet of x, y can be chosen from the legacy 2Tx UL codebook. 
	
	Codebook

	Rank 1
	 

	Rank 2
	 ,  

	Rank 3
	



Non-codebook-based PUSCH transmission for 3 Tx antenna UE
Non-codebook-based PUSCH transmission for 3 Tx antenna UE could be easily supported since configuration of up to 3 SRS resources in SRS resource set with ‘usage’ of nonCodebook and simultaneous transmission of up to 3 SRS resources are supported (based on the UE capability report) in the current specification. The remaining issue is that UE capability reporting for the number of supported uplink MIMO layers as “3” does not exist currently (except for capability reporting of 8 Tx UE) as captured below[2]. So, we suggest to newly add “3” of the number of supported uplink MIMO layers for UE capability reporting

Proposal #2: For 3-port non-codebook-based PUSCH transmission, introduce value of “3” for the number of supported uplink MIMO layers.

Table 1. TS 38.331 regarding the number of supported uplink MIMO layers
	FeatureSetUplinkPerCC ::=               SEQUENCE {
    supportedSubcarrierSpacingUL            SubcarrierSpacing,
    supportedBandwidthUL                    SupportedBandwidth,
    channelBW-90mhz                         ENUMERATED {supported}                      OPTIONAL,
    mimo-CB-PUSCH                           SEQUENCE {
        maxNumberMIMO-LayersCB-PUSCH            MIMO-LayersUL                               OPTIONAL,
        maxNumberSRS-ResourcePerSet             INTEGER (1..2)
    }                                                                                   OPTIONAL,
    maxNumberMIMO-LayersNonCB-PUSCH         MIMO-LayersUL                               OPTIONAL,
    supportedModulationOrderUL              ModulationOrder                             OPTIONAL
}

MIMO-Layers
The IE MIMO-Layers is used to convey the number of supported MIMO layers.
MIMO-Layers information element
-- ASN1START
-- TAG-MIMO-LAYERS-START

MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}

MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}

-- TAG-MIMO-LAYERS-STOP
-- ASN1STOP
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SRS resource configuration for 3 Tx antenna UE
In the last meeting, it was agreed to reuse 4-port SRS resource with muting 4th SRS port to support 3-port SRS resource. Also, for 3-port codebook-based PUSCH transmission, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3 as agreed. However, it is a little tricky since PUSCH power scaling factor s for non-full power transmission is “the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource” in the current specification. Currently, candidate values of the maximum number of SRS ports per resource are {1, 2, 4} for non-8 Tx UE. Simple solution could be to change the denominator of s as 3 when a 3 Tx antenna UE reported the number of supported uplink MIMO layers as 3, then the 3 Tx antenna UE can split PUSCH power evenly per PUSCH port.

Proposal #3. For 3-port codebook-based PUSCH transmission, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3 when a 3 Tx antenna UE reported the number of supported uplink MIMO layers as 3.

The 3-port SRS resource (at least for codebook usage) can also be easily used for antennaSwitching usage. From resource configuration perspective, codebook and antennaSwitching usage of SRS have commonality so that many enhancements had been concurrently introduced for both usages, e.g., Rel-18 TDMed SRS resource for 8 Tx SRS. Furthermore, since Rel-15 NR, a single n-port SRS resource can be utilized as both usages of codebook and antennaSwitching by configuring the single resource to an SRS resource set with usage of “codebook” and also to another SRS resource set with usage of antennaSwitching, which is “SRS resource sharing” to reduce resource overhead. In short, there is no harm to support 3-port SRS antenna switching for 3 Tx antenna UE.

Proposal #4. Support 3-port SRS antenna switching, i.e., specify 3TyR configuration.
· FFS: Supported y value of 3TyR

3. Conclusion
In this contribution, we discussed on support for 3-antenna-port codebook-based transmissions in Rel-19 MIMO. Based on the above discussion, we have following proposals:
Proposal #1: For 3 Tx partial coherent codebook, adopt following codebook structure where the alphabet of x and y can be {1, j, -1, -j}. 
	
	Codebook

	Rank 1
	 

	Rank 2
	 ,  

	Rank 3
	


Proposal #2: For 3-port non-codebook-based PUSCH transmission, introduce value of “3” for the number of supported uplink MIMO layers.
Proposal #3. For 3-port codebook-based PUSCH transmission, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3 when a 3 Tx antenna UE reported the number of supported uplink MIMO layers as 3.
Proposal #4. Support 3-port SRS antenna switching, i.e., specify 3TyR configuration.
· FFS: Supported y value of 3TyR
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