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1. Introduction
In the 3GPP RAN1 #89 and NR Ad hoc #2 meetings, transmission diversity schemes were discussed and the following agreements were achieved [1][2]:
Agreements:

· For UL transmit diversity for CP-OFDM, down-select between the following alternatives

· Alt. 1: transmit diversity is not explicitly supported for PUSCH in Rel. 15

· Alt. 2 non-transparent UL transmit diversity for CP-OFDM (e.g., SFBC, Non-transparent precoder cycling)
· For UL transmit diversity for DFT-s-OFDM and CP-OFDM, companies are encouraged to provide evaluation results and implementation analysis for the next RAN1 meeting

Conclusion:

· Companies are strongly encouraged to perform analysis and simulations for diversity transmission for both CP-OFDM and DFT-s-OFDM based UL considering various scenarios

· Aim to conclude in the next meeting

Regarding downlink open loop transmission schemes, 
Agreements:

· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 

· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately

Agreement: 
· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for broadcast PDSCH in specification.

In this contribution, diversity transmission schemes for UL are further discussed.
2. Non-transparent Schemes v.s. Transparent Schemes
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 UL, the considered non-transparent schemes include SFBC and non-transparent precoder cycling. For DFT-s-OFDM, low PAPR STBC schemes are also discussed. 
All the above schemes requires further specification efforts, both for CP-OFDM and for DFT-s-OFDM. Furthermore, Compared to transparent schemes, the gain is rather limited especially when the scheduled bandwidth is large and considering the RS overhead. 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 has one shot transmission opportunity. To increase reliability, diversity transmission schemes are used.

· 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.
For all these scenarios, transparent schemes like small delay CDD and PRB level precoder cycling would also perform well. Based on these discussions, non-transparent schemes should not be supported in R15.
Proposal 1: 

· Non-transparent diversity transmission schemes are not supported in R-15.
3. Discussion on Transparent Schemes
3.1.   Switch between Schemes

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: 

· Support PRB bundling size indication for Tx-diversity schemes.
· UL precoder cycling scheme should be at the granularity of PRB bundles. 
3.2.   UE Autonomous Antenna/Beam Selection
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, NR supports configuration of set of precoders for UL precoder cycling schemes.

· UE could autonomously select possible beams within the set.

For below 6GHz scenarios, UE autonomous antenna selection is also beneficial. The above mentioned hand gesture change may also influence low frequency antennas, e.g., when the hand covers the active antenna completely.  Typically, the following kind of UEs and UE autonomous antenna/precoder selection are considered.
· The first kind is number of Tx chains is 1, while the number of antennas is greater than 1. For such scenarios, antenna selection should be supported. Typically there are two ways for UE to select antennas:

· Spec-transparent: based on UE Rx chain measurement, UE could always find out which antenna is better, antenna switch could be done in a spec-transparent manner;

· Specified: Based on UL SRS switching and network measurement, the network schedules UE to transmit with the antenna that has better channels. Such specified manner falls in the framework of above non-codebook based transmission.

· The second is that there is the same number of Rx chains and Tx chains. For such scenarios, UL precoding could be conducted among multiple antennas. 

· UE could always conduct downlink measurement and based on the measurement, the network schedules UE to transmit precoded or non-precoded SRS. The network should explicitly signal such information to UE in order to align mutual understanding. 

· Based on precoded SRS measurement, the UE could still be scheduled with the corresponding SRI for UL precoding. This also falls in above non-codebook based transmission.

· For the third kind that the number of Tx chains is smaller than Rx chains but greater than 1, it is also possible to conduct the corresponding UL precoding with the original framework. 

For the case that there is no reciprocity, only non-precoded SRS is used and codebook based transmission should be scheduled.  
Based on above discussion, UE autonomous antenna selection/precoding could be well supported with properly defined framework. From the perspective of transmit diversity, the spec transparent antenna selection could always provide some performance gains. Thus at least for below 6GHz scenarios, UE autonomous antenna selection should be supported.
Proposal 4: 

· At least for below 6GHz, UE autonomous antenna selection should be possible in NR.

4. UL PRB Bundling Size Discussion

For DFT-s-OFDM, PRB bundling size has already been decided. For UL OFDM, there is still some issues to be discussed for UL PRB bundling size.

Currently, there are three kinds of UL transmission schemes under discussion. 
· Codebook based UL transmission : codebook used for transmission is determined by the network. If frequency selective precoding is applied, then the corresponding codebook for each scheduled PRBs or PRB sets would be indicated by the network. Thus the PRB bundling size would be determined implicitly through codebook indication. Or vice versa, PRB bundling size could be explicitly signalled, then the corresponding codebooks would be indicated with the granularity of PRB bundling size.
· Non-codebook based UL transmission : for non-codebook based UL transmission, frequency selective precoding is aslo supported. SRI/CRI indication is frequency dependent. Granularity of such SRI/CRI indication could also be PRB bundling size, or implicitly determine the PRB bundling size. Consecutively scheduled bandwidth could be used for non-codebook based phase continuous UL transmission because UE would be able to obtain consecutive channel state information based on downlink reciprocity. 
· TxD for UL transmission: for TxD schemes, PRB bundling size also determines the granularity of precoder cycling. This value could also be used to switch between small delay CDD and precoder cycling. Multiple beams may be put in a set and indicated to the UE for precoder cycling.

Based on above discussion, the following common framework could be used for the three schemes  

· PRB bundling size is indicated explicitly for UL transmission.
· Another signalling to indicate the transmission schemes ;

· For codebook based Tx, the PRB bundling size is interpretated as the granularity of codebook based precoding; Precoder indication is based on this value ;
· For non-codebook based Tx, the PRB bundling size is also frequency selective granulairity ; SRI/CRI indication is also based on this value ;

· For TxD schemes, the PRB bundling size determines in which granularity to cycle the precoder. Within each bundle, small delay CDD could be used. Furthermore, several SRIs/CRIs or precoders could be indicated to the UE and UE cycles within the set.  
For the values of PRB bundling size, similar considerations as in DL should also be considered.

· Case 1 : specific values selected from a set

· As in DL, this value should also be aligned with REGs for clear UE behavior definition. The considerations in DL, like higher precoder cycling granularity, MU-MIMO scheduling flexibility and precoding gains are also applicable here. The only constraint is that with too small PRB bundling size, the corresponding DCI overhead would be too large for codebook and non-codebook based transmission.
· Case 2 : Consecutively scheduled bandwidth. 

· This is always beneficial, especially in the case of non-codebook based transmission and TxD schemes.
Proposal 5: 

· Support explicit UL PRB bundling size indication in NR:
· For codebook based transmission, codebook granularity is determined by PRB size;

· For non-codebook based transmission, SRI/CRI indication granularity is determined by PRB size;

· For TxD schemes, precoder cycling granularity is determined by PRB size;

Proposal 6: 

· Follow the framework of DL PRB bundling size indication procedures
· Support case 1 and case 2 for UL PRB bundling size values;

· FFS specific values in case 1;

· Support 1 bit DCI to switch between values.
5. Conclusion

In this contribution, beam management and reporting are discussed, and the following proposals are given:
Proposal 1: 

· Non-transparent diversity transmission schemes are not supported in R-15.
Proposal 2: 

· Support PRB bundling size indication for Tx-diversity schemes.
Proposal 3: 

· At least for high frequency, NR supports configuration of set of precoders for UL precoder cycling schemes.

· UE could autonomously select possible beams within the set.

Proposal 4: 

· At least for below 6GHz, UE autonomous antenna selection should be possible in NR.

Proposal 5: 

· Support explicit UL PRB bundling size indication in NR:

· For codebook based transmission, codebook granularity is determined by PRB size;

· For non-codebook based transmission, SRI/CRI indication granularity is determined by PRB size;

· For TxD schemes, precoder cycling granularity is determined by PRB size;

Proposal 6: 

· Follow the framework of DL PRB bundling size indication procedures

· Support case 1 and case 2 for UL PRB bundling size values;

· FFS specific values in case 1;

· Support 1 bit DCI to switch between values.
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