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1. Introduction
In the WID for phase 5 MIMO [1], objectives for RAN1’s normative work were listed as below. 
	RAN1:
1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting

2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
 
4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.

5. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
a. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 


This contribution discusses on support for 3-antenna-port codebook based transmissions.


2. Discussions 
In NR, two uplink transmissions, i.e., codebook based UL and non-codebook based UL, are supported for 1-port, 2-port, 4-port and 8-port PUSCH transmission. Meanwhile, current commercial mobile UEs are generally equipped with up to 2 Tx antennas, and development of 3 Tx antenna to enhance the UL throughput performance is anticipated in near future. Therefore, specification supports are needed for UL transmission based on 3 Tx antennas. In the following, UL codebook design and SRS resource configuration for 3 Tx UL transmission are discussed. 

Non-coherent codebook design for 3 Tx antennas
In NR codebook based UL transmission, three types of codebook subsets are supported according to the UE’s antenna coherency capability, i.e., full coherent, partial coherent, and non-coherent. According to the WID, only non-coherent codebook needs to be specified in Rel-19 MIMO WI. Non-coherent UE cannot maintain the relative phase across ports between SRS transmission and PUSCH transmission. Therefore, non-coherent codebook can be constructed based on the port selection codebook. In this context, TPMIs in Table 1 can be supported for 3Tx UL in Rel-19 MIMO. Note that scaling factor of  considered to reflect antenna “turn-off” which is helpful for UE energy saving and UL interference reduction. 
Table 1. 3Tx non coherent codebook
	TPMI index
	Rank 1
	Rank 2
	Rank 3

	0
	
	
	

	1
	
	
	

	2
	
	
	



According to Table 1, the total DCI payload for TRI and TPMI indication is up to 3bits. For example, if Max rank is 2 or 3, the DCI payload is 3 bits, and if max rank is 1, the DCI payload is 2 bits.
  If time is allowed during Rel-19 normative work, discussions on specification support of partial and full coherent codebook for 3 Tx antennas can also be considered to facilitate various UE implementation. For partial coherent codebook, partially coherent antenna ports can be firstly defined and for those partial coherent ports, 2Tx full coherent TPMI can be applied as a simple approach. For full coherent codebook, one simple codebook design can be based on length-3 DFT vectors without considering oversampling factor. 

Proposal 1.  For 3Tx non-coherent codebook, adopt Table 1. 


SRS resource configuration for 3 Tx antennas UE
In NR, 1/2/4/8-port SRS resource is currently supported for SRS transmission with usage of “codebook”. In order to support 3-port codebook based PUSCH transmission, 3-port SRS resource should be supported as well. With the condition that there is no enhancement on SRS resource as described in the WID, it is natural to reuse 4-port SRS resource to support 3-port SRS where subset of 4 ports in the 4-port SRS resource is to be used for 3-port SRS transmission. There are currently three approaches supported to configure 4-port SRS resource in NR specification, 4 ports of the SRS resource are multiplexed in frequency domain (4 combs), 4 ports are multiplexed in code domain (4 cyclic shifts), and 4 ports are multiplexed in both frequency and code domain (2 combs + 2 cyclic shifts). Two options can be considered to reuse 4-port SRS resource for 3-port SRS transmission, the one is rule-based 3 of 4 ports determination for 3-port SRS transmission and the other is explicit NW signaling of port combination to determine 3 of 4 ports SRS determination for 3-port SRS transmission. In the former option, for example, lowest three port indexes of the 4-port SRS resource can be used for 3 Tx SRS transmission. The benefit of former option is simplicity and no signaling overhead. On the other hand, latter option can configure/indicate SRS resource-specific three port indexes of the 4-port SRS resource, which brings more flexibility in terms of multi-UE SRS scheduling.

Proposal 2. Reuse 4-port SRS resource to support 3-port SRS transmission.
· Further investigate pros and cons of implicit/explicit 3-port determination of the 4-port SRS resource for 3-port SRS transmission.

If 3-port SRS transmission is introduced for 3-port codebook based PUSCH transmission in Rel-19, 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 antennas UE.

Proposal 3. 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 3Tx non-coherent codebook, adopt Table 1. 
Table 1. 3Tx non coherent codebook
	TPMI index
	Rank 1
	Rank 2
	Rank 3

	0
	
	
	

	1
	
	
	

	2
	
	
	



Proposal 2. Reuse 4-port SRS resource to support 3-port SRS transmission.
· Further investigate pros and cons of implicit/explicit 3-port determination of the 4-port SRS resource for 3-port SRS transmission.
Proposal 3. Support 3-port SRS antenna switching, i.e., specify 3TyR configuration. 
· FFS: Supported y value of 3TyR
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