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1 Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1 #89 meeting, following agreements were made on frequency-selective precoding for UL transmission:
Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately
In RAN1 #90 meeting, following agreements were made on UL MIMO codebook:
Agreements:
· For DFT-S-OFDM, use rank 1 precodings from table below for 2 Tx with wideband TPMI only
· Note: in the following table “codebook index” should be called “TPMI index”
[image: ]
Agreements:
· For CP-OFDM
· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used
· One of the two following Antenna port selection mechanisms is supported; 
· Decide among the two alternatives in RAN1# 90bis
· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM
· Alt 2: SRI indicates selected antenna ports
Agreements:
· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15
· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI
· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains
· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains
· FFS: how UL MIMO precoding design takes into account the above capability
In RAN1 NR Adhoc #3 meeting, following agreements were further made on UL MIMO codebook:
Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15
· Additional codewords for antenna port selection will be also supported
· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)
In this contribution we provide our views on the open issues of codebook based UL transmission. 
2 Discussion
2.1 Procedure of codebook based UL transmission
Not all UL MIMO capable UEs can support coherent transmission across uplink transmit chains. In RAN1 #90 meeting, it was agreed to specify UE capability identifying if UL MIMO capable UE can support coherent transmission across transmit chains. Considering the coherent transmission capability of UEs, the procedure shown in Figure 1 for UL transmission can be considered. 


Figure 1: Procedure for codebook based UL transmission
Firstly, the coherent transmission capability information of UE is transmitted to gNB. The coherent transmission capability information can be the grouping information of transmit chains, including the total transmit chain number, transmit chain group number and the number of transmit chains in each group. The transmit chains are grouped with the following principles: 
· Intra group transmit chains can transmit coherently;
· Inter group transmit chains can’t transmit coherently. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Then, SRS resources are configured based on the reported coherent transmission capability information. The number of SRS resources and SRS ports number in each SRS resource can be determined by gNB based on the coherent transmission capability information reported by UE. gNB should indicate UE which SRS ports are expected to support coherent transmission. For example, a SRS resource with 4 SRS ports is configured to UE. gNB can indicate UE that the SRS port 0 and 1 should support coherent transmission. 
UE chooses proper transmit chains to transmit SRS based on gNB indication. Continuing with previous example, UE should use the transmit chains that can transmit coherently to send SRS port 0 and 1.
gNB measures SRS and determines, SRI(if needed), TPMI, TRI and MCS.  The TPMI selection should be based on the coherent transmission relationship of SRS ports. Continuing with previous example, gNB indicates UE that the SRS port 0 and 1 support coherent transmission. Then TPMI can only be selected from the codewords with only SRS port 0 and 1 capable of coherent transmission.
UE determines UL precoding based on SRI, TPMI, and TRI and transmits UL data.
Proposal 1: For UE capability reporting, the following information can be included: the total number of SRS ports, the number of SRS ports groups, and the number of SRS ports in each group. 
2.2 Codebook design for UL transmission 
2.2.1 4Tx Codebook for DFT-S-OFDM waveform
In RAN1 NR Adhoc #3 meeting, it was agreed that for DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15, additional codewords for antenna port selection would be supported. Codewords for antenna port selection can be designed for the following two purposes:
· Power saving for the case of Tx antenna imbalance;
· Supporting of partial coherent/non-coherent transmission.
For LTE 4Tx rank 1 codebook, eight 2-port selection codewords are selected from 16 2-port selection codewords with the consideration of similar performance and TPMI payload. For NR MIMO, the purpose of including port selection codewords is not only for power imbalance, but also for supporting partial coherent transmission. Therefore, we propose to include single port selection codewords in the codebook. 
We propose to support the antenna port selection codewords given in Table 1 for 4Tx codebook for DFT-S-OFDM waveform. In Table 1, the codewords with TPMI index 16-23 are the antenna port selection codewords of LTE UL codebook, the codewords with TPMI index 24-27 are the newly added ones.
Table 1: Antenna port selection codewords for 4Tx of DFT-S-OFDM
	TPMI index
	
Number of layers 
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Proposal 2: For DFT-S-OFDM waveform, adopt the antenna port selection codewords given in Table 1 for 4Tx codebook.
2.2.2 Codebook for CP-OFDM waveform 
2.2.2.1 2 Tx antenna ports
In RAN1 #90 meeting, it was agreed that at least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 in Table 2 are used. One of following antenna port selection mechanisms is supported:
· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM
· Alt 2: SRI indicates selected antenna ports
For Alt. 2, in order to indicate selected antenna ports by SRI, multiple SRS resources have to be configured, with one SRS port for each SRS resource. If multiple SRS resources are selected, multiple SRI and a TPMI across the selected SRS resources have to be indicated. 
One signaling indication method of Alt. 2 is to indicate SRI and TPMI separately. This can be seen as a multi-level TPMI indication of Alt.1. The first level is the indication of antenna port selection, the second level is the indication of TPMI across the selected antenna ports. In general, multi-level indication incurs equal or more overhead than single level indication. 
Another singling indication method of Alt. 2 is to encode SRI and TPMI jointly. Then the signaling payload can be the same as Alt. 1. As there is no agreements that a TPMI can indicate the transmit precoder matrix across SRS resources, multiple TPMIs has to be indicated for Alt.2 if multiple SRIs are indicated. Compared with indicating multiple TPMIs, we prefer to use one TPMI to indicate the percoder. 
Proposal 3: For CP-OFDM waveform, antenna ports selection precoders are included in the 2Tx codebook.
Table 2: Candidate precoders for 2Tx of CP-OFDM waveform
	TPMI index
	
Number of layers 
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2.2.2.2 4 Tx  antenna ports
For UL MIMO, UE typically operates in a multi-scattering environment with large angular spread of departure and hence cannot in general assume high spatial correlation. As PAPR is not a critical issue for CP-OFDM waveform, LTE DL codebooks can be used for UL with some extension of antenna selection precoders. 
 Proposal 4: For 4Tx codebook for CP-OFDM waveform LTE DL codebooks can be used for UL with some extension of antenna selection precoders.
2.3 Signaling for frequency selective precoding transmission
According to the agreements in RAN1#88bis, if UL frequency selective precoding is supported, there are two mechanisms for sub-band TPMI signaling:
· Alt 1:Sub-band TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission. 
· Alt 2:Sub-band TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
It was agreed in Ran1 #90 meeting that total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI. The following methods can be considered to ensure the constant subband TPMI payload of Alt.1:
· Method 1: Adjusting TPMI payload per subband according to the number of subbands for a given PUSCH transmission.
With this method, when number of allocated subbands is large, the corresponding TPMI bits per subband are small and vice versa. For example, assume that the total DCI bits for subband TPMI indication is 12 bits. When the number of allocated subbands is 4, the corresponding TPMI bits per subband shall be 3; when the number of allocated subbands is 3 the corresponding TPMI bits per subband shall be 4. Although this method can ensure the constant subband TPMI payload, it may not be feasible for the scenarios with large number of subbands. For example, if the number of subbands is larger than the available DCI payload for subband TPMIs indication, subband TPMIs for all subbands cannot be indicated.
· Method 2: Adjusting the subband size according to resource allocation for a given PUSCH transmission.
With this method, the payload of per subband TPMI is fixed, the subband size is adapted to the resource allocation. As the total DCI payload for subband TPMIs is constant, and the TPMI payload per subband is also constant, the number of subbands that can be supported is fixed. The problem of this method is that when subband size becomes very large then the potential subband precoding gain is lost.   
With Alt 2, subband TPMIs are signaled via DCI to UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission. If the subband TPMIs are included in a DCI, the payload could be large. Therefore, it is more likely to have two DCIs. The 1st DCI is for subband TPMIs for all PRBs in UL, and the 2nd DCI is for the actual UL grant. The 1st DCI can be transmitted less frequently than 2nd DCI so that DCI overhead can be saved. Although the 1st DCI can be transmitted separately from the 2nd DCI, if the number of subbands is large, the payload will be extremely large. Besides, delay of precoder indication may negatively impact performance of subband precoding.
Proposal 5: For UL frequency selective precoding, subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission.

3 Conclusions
In this contribution we discussed the details of UL MIMO transmission precedure, codebook design and sub-band TPMI signaling, we have following proposals:
Proposal 1: For UE capability reporting, the following information can be included: the total number of SRS ports, the number of SRS ports groups, and the number of SRS ports in each group. 
Proposal 2: For DFT-S-OFDM waveform, adopt the following antenna port selection codewords for 4Tx codebook.
	Codebook index
	
Number of layers 
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Proposal 3: For CP-OFDM waveform, antenna ports selection precoders are included in the 2Tx codebook.
Proposal 4: For 4Tx codebook for CP-OFDM waveform, LTE DL codebooks can be used for UL with some extension of antenna selection precoders.
Proposal 5: For UL frequency selective precoding, subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission.
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