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Introduction
In RAN1#88 meeting, following agreements were made for transmission diversity scheme in UL: 
Agreements:
· For DFT-S-OFDM, following schemes can be candidates for UL diversity schemes for UL data: CDD, precoder cycling, antenna port switching, SFBC, and STBC.
· RAN1 should down select them in WI phase.
· FFS the corresponding spec impact (if any)

For CP-OFDM waveform, it is natural to choose a common scheme for UL and DL. In this contribution we mainly discuss UL diversity scheme for DFT-S-OFDM waveform. 

Discussion
For DFT-S-OFDM, one important factor to consider is how to preserve PAPR since it is mainly used in UL power limited scenario. Few options were discussed in last meeting and all have their own pros and cons. Below we discuss a precoder/beam cycling scheme which can used in both single-beam based and multi-beam based operation. In LTE DL, precoder cycling is done in subcarrier or group of subcarriers (PRB) level, which will certainly increase PAPR. Precoder/beam cycling can be used in time domain, e.g. per DFT-S-OFDM symbol or per slot which will provide some diversity gain without increasing PAPR. 
In the case of per DFT-S-OFDM symbol precoder/beam cycling number of DMRS required is equal to number of precoders/beams. Figure 1 below illustrates an example of 2 precoders cycling for per DFT-S-OFDM symbol and it is not necessary that the number of symbols is paired as it is required for STBC. Although transmission is rank 1, 2 DMRS ports are required for gNB to decode the UL data, 

Figure 1, precoder cycling per DFT-S-OFDM symbol

In the case of per UL slot precoder/beam cycling, number of DMRS ports required can be 1 since same precoder/beam is used for all symbols and DMRS within a slot. Figure 2 shows an example of 2 UL slot precoder/beam cycling. Diversity gain of per UL slot precoder/beam cycling is lower than per DFT-S-OFDM symbol precoder/beam cycling, however DMRS overhead is higher for per DFT-S-OFDM symbol precoder/beam cycling. It should be further evaluated considering diversity gain and overhead. 

Figure 2, precoder cycling per UL slot

In multi-beam based operation, multiple UL beams will be managed through UL beam management such that more than 1 beam can be received at gNB from the same UE with link quality better than certain threshold. In the UL beam management procedure, gNB will indicate the beams in terms of SRIs and out of multiple SRIs two or more can be used for beam cycling transmission for UL data. Similar to discussion above beam cycling can be per DFT-S-OFDM symbol or per UL slot. This provides beam diversity gain against blocking.

Proposal: consider time domain precoder/beam cycling, including per DFT-S-OFDM and per UL slot cycling, as an option for UL diversity scheme and further evaluate the performance, overhead, PAPR etc. 

Conclusions
In this contribution we discussed an alternative of precoder cycling for UL diversity scheme and we have a following proposal:
Proposal: consider time domain precoder/beam cycling, including per DFT-S-OFDM and per UL slot cycling, as an option for UL diversity scheme and further evaluate the performance, overhead, PAPR etc. 
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