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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
UL MIMO is a key future for NR MIMO to improve UL throughput. Before RAN1#90bis, it was agreed that[1]-[6]:
Agreements:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only
· Note: in the following table “codebook index” should be called “TPMI index”
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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
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)
Based on the above agreements, there are several open issues for codebook based UL transmission, such as codebook design for 4Tx CP-OFDM based waveform and DL signaling for frequency selective precoding. In this contribution, we show our views on codebook based transmission for mentioned issues.
Discussion
Close loop MIMO could provide spatial diversity and multiplexing gain, so it is an important feature for NR UL MIMO to improve the UL throughput. In order to reduce the Tx PAPR, only antenna or port selection was used in LTE UL based on DFT-s-OFDM waveform. For NR UL MIMO, CP-OFDM based waveform is also used at least for eMBB scenario, port combine should also sport to improve UL capacity.
UL codebook design principles
UE could have different antenna or panel structure depending on vendor’s implementation. And there is not a unified working assumption on UE antenna structure until now. It is very difficult to design a common codebook which can be applicable to varieties of UE antenna structures. Besides, multi-panel transmission could also be realized based on single panel codebook, such as non-coherent transmission or panel selection based on SRI. Although multi-panel is supported at UE side, we think only single panel codebook design should be considered in NR phase I.
4Tx codebook for CP-OFDM
Different from DL MIMO, there will be multi-scattering factors at UE side with large angular spread. So we cannot assume a high spatial correlation between the antennas. Although PAPR is not a critical issue for CP-OFDM, codebook with lower PAPR is still more preferable for UL transmission. Based on this understanding, LTE Rel. 8 DL codebook could be as the start point for single panel codebook design.
Proposal 1: LTE Rel. 8 DL codebook could be as the start point for single-stage codebook design.
Frequency selective precoding has been agreed for UL transmission when the number of SRS ports is larger than 2 to provide high frequency diversity gain with a wideband allocation. In order to reduce the DCI overhead for frequency selective UL-MIMO scheduling, dual-stage codebook (likewise NR DL or LTE Rel.12 DL codebook, i.e., W=W1W2) is a nature consideration.
For dual-stage codebook, the final precoder W for each subband consists of a wideband PMI W1 and a subband PMI W2. Wideband or long term PMI W1 is used to point a beam group including several orthogonal or non-orthogonal beams. Subband or short term PMI W2 is used to perform beam combine, beam selection and/or beam co-phase between different polarizations for x-pol antenna configuration. However, different from that uniform x-pol antenna array assumed for gNB, UE could has a variety of antenna structure. Consequently, DFT based W1 may not be suitable for UL codebook.
Proposal 2: Dual-stage codebook structure can be studied for UL frequency selective precoding.
DL signaling for frequency selective precoding
One of the critical issue for UL frequency selective precoding is DCI overhead for subband TPMI indication. When a UE is configured with UL frequency selective precoding, at least two alternatives for subband TPMI signaling have been discussed. 
· Alt 1: Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission.
· Alt 2: Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
Alt. 2 has a fix payload size of UL grant DCI, which could reduce the PUCCH blind detect complexity of UE. However, the total DCI overhead is excessive with some unnecessary squanders for the bandwidth that is not scheduled. 
Proposal 3: Subband TPMIs for allocated PRBs only for a given PUSCH transmission are signaled via DCI to the UE.
One issue for Alt.1 is that how to design a DCI whose payload size will not change with different UL allocations. One possible way is to introduce dual-stage DCI. The first stage DCI is used to indicate the wideband information, such as long term or first stage TPMI W1 and TRI, and resource allocation. Short term or the second stage subband TPMI W2 are carried by the second stage DCI. Because UE could get the resource allocation information by the decode of the first stage DCI, it could figure out the payload size of the second stage DCI to reduce the complexity of blind detect.
Proposal 4: Support dual-stage DCI for UL frequency selective precoding with dual-stage codebook. 
Conclusion
Proposal 1: LTE Rel. 8 DL codebook could be as the start point for single-stage codebook design.
Proposal 2: Dual-stage codebook structure can be studied for UL frequency selective precoding.
Proposal 3: Subband TPMIs for allocated PRBs only for a given PUSCH transmission are signaled via DCI to the UE.
Proposal 4: Support dual-stage DCI for UL frequency selective precoding with dual-stage codebook. 
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