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Introduction
In RAN1 #90b Meeting [1], several agreements as well as a working assumption on details and the operation codebook-based UL transmission were approved. 
	Agreements:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
[image: ]
· Send an LS to RAN4 to inform that RAN1 has agreed to support the above UL codebook (codebook indices 16~27) for 4TX UEs and request feedback from RAN4 (ex: MPR) on feasibility 

· For 4 Tx with wideband TPMI, use at least single stage DCI
FFS for 2 stage DCI
· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:
Alt 1: Rel-10 UL, possibly with additional entries: 
Alt 2: Rel-15 DL, possibly with additional entries: 
Alt 3: Rel-8 DL, possibly with additional entries
· Evaluate performance of candidate codebooks & decide by RAN1#91

· NR supports 3 levels of UE capability for UL MIMO transmission 
Full coherence
· All ports can be transmitted coherently
Partial coherence
· Port pairs can be transmitted coherently
Non-coherence
· No port pairs can be transmitted coherently
TPMI codewords from the codebook are used by gNB accordingly

· For 1 SRS resource
Full coherence
· All ports corresponding to ports in an SRS resource can be transmitted coherently
Non-coherence
· All ports corresponding to ports in an SRS resource are not transmitted coherently
Partial coherence
· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently

· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported
· Non-coherent inter-SRS resource transmission: 
· FFS: use of two DCI, with one TPMI per DCI
· One TPMI/TRI per SRS resource is signaled 
· Note: Indication of selection of multiple SRS resources was agreed
Working Assumptions:
· For UL codebook based transmission with one SRS resource and a given number  of SRS ports, NR supports overhead reduction for TPMI and TPMI related signaling .
· Note: TPMI is indicated in uplink DCI
· Note: Joint or separate encoding of TPMI with TRI and/or SRI is a separate issue
· Other details are FFS



In the contribution, we provide our views on TPMI size and the design of the TPMI indication mechanism for frequency selective UL codebook-based transmission. Based on the recent agreements, we discuss efficient definition of TPMI size and TPMI signaling to assure the required performance and signaling overhead.

TPMI Size 
In an uplink transmission with codebook-based frequency selective precoding, the transmit precoding matrix indices (TPMI) to be used by the UE for an uplink transmission are indicated to the UE through a DCI. Therefore, for frequency selective precoding, where multiple TPMIs are needed to be signaled to a UE, the TPMI size becomes an important issue as it has a direct impact on the DL signaling overhead. 
In a codebook-based precoding, each entry of the codebook is addressed by a TPMI. Therefore, the size or the number of bits required for each TPMI depends on the size of the codebook. Since a codebook is universally defined, its overall size may not be optimum for all use cases. Therefore, codebook subset restriction (CBSR) can be used to improve the efficiency of the overhead signaling by reducing the number of DCI bits per TPMI. CBSR may be based on different operational requirements. For example, a CBSR may be realized in a number of scenarios, such as: reducing inter- or intra-cell interference, assisting MU pairing, UE mobility, UE transmission capability, etc. 
[bookmark: _Hlk498513943]In the last meeting [1], three levels of UE capability for uplink MIMO transmission were agreed;
· Full coherence:		All ports can be transmitted coherently
· Partial coherence:	Port pairs can be transmitted coherently
· Non-coherence:		No port pairs can be transmitted coherently.

Since MIMO transmission capability is different in each of the above mentioned levels, for each case only a subset of the codebook is required. As such, the TPMI size can be adjusted to match the multiplicity of the subset, and avoid using extra overhead for TPMI indication.
Proposal 1 – Use UE coherence capability information to adjust TPMI bit size by CBSR.
Table 1 below shows the agreed codebook for DFT-s-OFDM rank-1 transmission. Assuming a similar structure for CP-OFDM uplink transmission, to address all entries of the table, at least a TPMI with a size of 5 bits is required. However, not all the entries of the codebook are needed for a given UE capability. For example, for a UE with only non-coherence transmission capability, only a TPMI with a size of 2 bits may be required to address any of the 24-27 entries. 
	Table 1 - UL codebook for DFT-s-OFDM rank-1 transmission

	UE Coherence Capability
	CB index
	
Number of layers 

	Full Coherent
	0 – 7
	

	

	

	

	

	

	

	


	Full Coherent
	8 – 15
	

	

	

	

	

	

	

	


	Full Coherent
Partial Coherent
	16 – 23
	

	

	

	

	

	

	

	


	Full Coherent
Partial Coherent
Non-Coherent
	24-27
	

	

	

	

	-
	-
	-
	-



In certain use scenarios, it may be beneficial to define the CBSR using a bitmap that is provided through RRC signaling. However, instead of using a full length bitmap that matches the size of the codebook, a smaller bit map according to UE coherence capability should be employed. 
Proposal 2 – By relying on coherence capability information, employ a reduced length RRC configured bitmap to define the CBSR.

TPMI Indication
[bookmark: _Hlk498520455]It has been agreed [2] that for codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, one of the alternatives of: DCI signaling of TPMI only for allocated PRB, or DCI signaling of TPMI for all PRBs should be supported. As it has been discussed in the past meetings [2], to reduce complexity, and simplify DCI decoding in an uplink grant, a fixed number of TPMIs should be employed irrespective of the number of scheduled RBs for transmission. Therefore, for a given size of the bandwidth part, a UE should be configured to have a fixed number of TPMIs ().

Proposal 3 – Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission

Proposal 4 – For a given size of the bandwidth part, a UE should be configured to have a fixed number of TPMIs ().

If the number of configured TPMIs is greater or equal the number of configured subbands () for frequency selective precoding, i.e., , one unique TPMI per subband may be assigned, as shown in Figure 1. 




Figure 1 Frequency selective precoding with sub-band precoders
In case the number of configured TPMIs is less than the number of configured subbands for frequency selective precoding, i.e., , some TPMIs should be used for precoding of more than one subband. For example, TPMIs are indicted only for a specific set of subbands, that can be referred to as primary subbands. Then, the UE uses the received TPMIs intended for the primary subbands for precoding of one or more of its adjacent subbands. Figure 2 shows an exemplary case of where the indicated TPMIs of primary subbands {1, 3, 5, 7} are also applied on their immediately next adjacent subbands {2, 4, 6, 8}. The designation of the primary subbands can also be based on a non-uniform pattern as shown in Figure 2. In this case, to support a fair and balanced assignment of the primary subbands across a scheduled transmission, the pattern of primary subbands can be cycled for each transmission event. 
Proposal 5 – Re-use TPMIs of primary subbands for precoding of their closest subbands. 



[bookmark: _Ref497988224][bookmark: _Ref498000232]Figure 2 Frequency selective precoding using TPMIs of uniformly distributed primary subbands


[bookmark: _Ref498001465]Figure 3 Frequency selective precoding using TPMIs of non-uniformly distributed primary subbands
Summary
In the contribution, we provide our views on TPMI size and the design of the TPMI indication mechanism for frequency selective UL codebook-based transmission. Based on the presented discussion, following proposals are made:
Proposal 1 – Use UE coherence capability information to adjust TPMI bit size by CBSR.
Proposal 2 – By relying on coherence capability information, employ a reduced length RRC configured bitmap to define the CBSR.
Proposal 3 – Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission

Proposal 4 – For a given size of the bandwidth part, a UE should be configured to have a fixed number of TPMIs ().

Proposal 5 – Re-use TPMIs of primary subbands for precoding of their closest subbands. 
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