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Introduction
In RAN1 NR AH#1 meeting it has agreed that NR would support three transmission schemes [1]:
Agreements:
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).
· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 
· Study the following DL signaling, e.g.,
· One level DCI
· Two level DCI
· MAC CE
· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)
· Scheme B: Non-codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).
· Support the indication of DL measurement RS for UE to calculate candidate precoder
· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based
· Diversity-based transmission schemes
· FFS: Whether the scheme has specification impact or not
· FFS: Merging of the schemes
· Support rank determination by gNB
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.

RAN1 NR AH#2 also has listed some options for related DCI information for non-codebook based transmission [2]:
Agreements:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· Alt.4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant
· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)
Note: this may depend UE’s capability in terms of calibration

RAN1#90 has also agreed that the related DCI information for codebook based transmission [3]:
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

It could be observed that at least DCI content or DCI format would be different for codebook based transmission and non-codebook based transmission.
In RAN1#90 about UL diversity transmission it has been agreed as the below shows:
Agreements:
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification

With regarding to the above agreements, in our opinion it could be concluded:
· Specific UL diversity scheme for CP-OFDM will be transparent to specification, which precludes SFBC/STBC;
· There still exist some remaining issues to consider, e.g., how to identify from UE’s perspective that it is for UL diversity transmission and acquire the related information at least rank information if it is for UL diversity transmission

In this paper, we will present our considerations on the remaining issues of UL diversity transmission.

Discussion
In previous meetings, it was agreed that NR would support three schemes for UL transmission: Codebook based transmission, non-codebook based transmission, and diversity based transmission. Generally, UE could identify which transmission scheme it would adopt by network high layer configuration, or DCI format, or DCI information. Compared with the other two transmission schemes, diversity scheme is more robust and could be the fallback mode in some cases. Thus, dynamic switch between diversity scheme and codebook based or non-codebook based transmission could be considered. In addition, due to the relatively long-time nature of high layer signaling and flexibility requirement of NR, dynamic switching between codebook/non-codebook based UL diversity scheme is preferred.
Proposal 1: Support dynamic switching to the diversity transmission scheme for UL for one UE.
[bookmark: _GoBack]As the introduction shows that for single stage DCI, TPMI, SRI and TRI would be included for codebook based transmission, and TPMI would be not included in DCI for non-codebook based transmission. Thus, different DCI formats would be configured for codebook-based transmission or non-codebook based transmission.
Observation 1: For one UE, different DCI formats would be configured for codebook based transmission and non-codebook based transmission at present.
One way to design UL grant for diversity based transmission for one UE is to reuse the DCI formats for codebook based or non-codebook based transmissions and set different DCI information for different transmission. For example, it could be identified that it is for codebook based or diversity based transmission by the port number of the SRI. If the port number is equal to the number of the row of the transmitted precoding matrix, it could be thought to trigger codebook based transmission; if the port number is larger than the number of the row of the transmitted precoding matrix, it could be thought to trigger diversity based transmission, where port selection will depend on UE’s implementation. With regarding to how to multiplex DCI format with non-codebook based transmission, it could be discussed in future depending on the final decision about the DCI information for non-codebook based transmission. This way could reduce the number of DCI formats, and reduce UE blind detection times in some degree, however, UE would cost more time to ensure the specific transmission scheme and perhaps would limit the forward compatibility for diversity scheme.
Another way to design UL grant for diversity based transmission for one UE is to design new DCI format for diversity based transmission, which is straightforward. Although it will increase the number of DCI formats and further increase the blind detection times, the complexity optimization can be studies further and this way provides more space for forward compatibility for diversity scheme. 
Proposal 2: Support new DCI format for UL diversity scheme.
For the new DCI format for UL diversity scheme, DCI information at least should include the TRI information, where TRI could be explicitly or implicitly indicated. For the implicit indication of TRI, for example, DCI information could contain multiple SRIs, where TRI could be equal to the minimum number of ports of all SRIs. UE could freely select SRI cycling pattern. Furthermore, UL PRG size could be configured by network.
Proposal 3: At least TRI should be explicitly or implicitly indicated in the new DCI format for UL diversity based transmission.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: For one UE, different DCI formats would be configured for codebook based transmission and non-codebook based transmission at present.

Proposal 1: Support to identify the diversity transmission scheme for UL by DCI format or DCI information for one UE.
Proposal 2: Support new DCI format for UL diversity scheme.
Proposal 3: At least TRI should be explicitly or implicitly indicated in the new DCI format for UL diversity based transmission.
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