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1. Introduction
In the 3GPP RAN1 #90 meeting, transmission diversity schemes were discussed and the following agreements were achieved [1]:
R1-1715217
Agreements:
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification

· Send an LS to RAN4 to inform the agreements for them to consider for their future work – Cristina (Mitsubishi). LS in R1-1715273, which is endorsed and finally approved in R1-1715274
Agreements:

· For DFTsOFDM waveform based PUSCH, further consider the following alternatives:

· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 

· Note: there are several possible schemes proposed in various contributions. 

· FFS exact scheme with the aim to finalize in the next meeting

· Alt. 2: Time domain beam/precoder cycling is supported for PUSCH with DFTsOFDM

· FFS exact scheme with the aim to finalize in the next meeting

· If Alt 1 and Alt 2 is not supported or either of them is supported and is not configured

· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.

· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes

In this contribution, diversity transmission schemes for UL are further discussed.
2. TxD Schemes for DFT-s-OFDM
It has already been agreed that for DL transmission, open-loop/semi-open-loop is not explicitly supported for unicast and broadcast PDSCH in specification. For CP-OFDM based operation, it is also agreed to support transparent TxD schemes.
For DFT-s-OFDM, besides transparent schemes, considered schemes mainly include Alamouti based schemes and time domain beam/precoder cycling. All the above schemes requires further specification efforts. Compared to transparent schemes and non-codebook based transmission, the gain is rather limited especially when the scheduled bandwidth is large, considering the RS overhead and antenna correlation. The major use cases for diversity transmission schemes include:

· Fast Channel variation: UE feedback could not follow the channel variation. Tx diversity does not require fast feedback of channel spatial parameters. 
· URLLC: Typically one shot transmission need to increase reliability. 
· Grant free: Fixed transmission scheme and fixed MCS would make the transmission inefficient. But dynamically scheduling the transmission would invalidate “grant free”. Tx diversity scheme is a balanced tradeoff that suits such scenarios.    

· Low SNR: UE side feedback is not reliable enough in such scenario. Tx diversity could be used as a fallback scheme to increase reliability.
It has long been observed that even with long term codebook indication or non-codebook based transmission, the performance could satisfy the requirements in corresponding scenarios. Furthermore, small delay CDD schemes plus some advanced receiver could also achieve some diversity gains. The motivation to specify some spec non-transparent schemes in R-15 is not strong.
Proposal 1: 
· For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
3. Discussion on Signaling of Transparent Schemes
3.1.   PRB Bundling size for CP-OFDM
PRB bundling size indication is important for gNB implementation. gNB need to know in how large a PRB bundle the channel estimation could be implemented. For CS based DMRS, such information is important.

The typical transparent schemes includes small delay CDD and pre-coder cycling. Although transparent, it is still possible for the network to implicitly indicate switch between the two schemes through PRB bundling size. For example, small delay CDD typically has consecutively scheduled bandwidth as its PRB bundling size. While for pre-coder cycling, the PRB bundling size could be used as the precoder cycling granularity.
 Proposal 2: 

· At least for CP-OFDM, support PRB bundling size indication for Tx-diversity schemes.
· UL precoder cycling scheme should be at the granularity of PRB bundles. 
3.2.   Beam indication
SRI information may also need to be indicated to UE even for TxD schemes. In high frequency, at least the information for the beams need to be considered. Otherwise, the network would not know which analog beam to use to receive the corresponding uplink signal. 
For scenarios like fast blockage, it should be possible for UE to select the uplink precoding or select antennas.By fast blockage, it means that normal beam failure or beam management procedure may not be able to track such change. This is possible because in the following typical antenna structure, the antennas size would be 2cm*1cm for 30GHz. It is very easy for the hand gesture to change and completely block the whole antenna panel. With 1m/s hand moving speed, the time from well connection to completely blocked could be less than 10ms, which for typical beam management the corresponding overhead consumption would be quite large to discover such blockage. Fortunately, such blockage mainly happens in the near field. It is possible for the UE to detect such panel blockage through RSSI sudden change or from increased power of reflected waves. If UE is allowed to change transmit beam based on measurement and with restriction from network, it would provide some diversity gains.

In high frequency, one of the major restriction is that for the change of transmit beam, the received beam may also need to change. If the network and UE are not aligned, the change of UE transmit beam may further degrade system performance. Thus, network should restrict UE behavior with predefined set for autonomous antenna/panel change.  Even for normal precoder cycling, UE should be indicated with such precoder sets.

Proposal 3: 

· At least for high frequency, SRI(s) should be indicated to UE to align the transmit beam and receive beam for NR UL TxD schemes.
· Multiple SRIs may be indicated to UE for UL precoder cycling schemes.

· UE could autonomously select possible beams within the set.
3.3.   One port transmission mode
Last meeting, there were discussions about whether to support one transmission port mode or not. The major motivation for such mode:
· To save power: long term configuration of one port transmission could save the transmission power triggered by some event, e.g. when the UE determines that one port is covered by hand; 

· To lower interference: when the network believes that UE’s transmission of multiple SRS lead to more severe interference;

· To align with network implementation: network may not be able to support multi-port transmission. 
However, above motivation could be satisfied even without such one port transmission mode defined. The network could always configure UE with number of resources and number of ports. The necessity of such one port transmission mode is questionable.
4. Conclusion

In this contribution, beam management and reporting are discussed, and the following proposals are given:
Proposal 1: 
· For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
Proposal 2: 

· At least for CP-OFDM, support PRB bundling size indication for Tx-diversity schemes.
· UL precoder cycling scheme should be at the granularity of PRB bundles. 
Proposal 3: 

· At least for high frequency, SRI(s) should be indicated to UE to align the transmit beam and receive beam for NR UL TxD schemes.

· Multiple SRIs may be indicated to UE for UL precoder cycling schemes.

· UE could autonomously select possible beams within the set.
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