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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation.
In this contribution we discuss about beam indication for NR-PUSCH. 
This is a revision of R1-1800751. 
2	Discussion
[bookmark: _GoBack]Beam management for PUSCH has not been specifically defined in beam management agenda item similarly as it has been provided for PDSCH. For the PUSCH, TS 38.214 defines two transmission methods: non-codebook and codebook based transmission methods. For non-codebook based PUSCH transmission SRI(s) are indicated in the UL grant. That is interpreted so that at above 6 GHz UE should apply the same spatial domain filter for the PUSCH transmission as it used for the transmission of the indicated SRS resource(s). For codebook based transmission, an SRI is indicated together with TPMI/TRI. Similarly, the UE should use the same transmit beam for the PUSCH transmission as it used for the transmission of the indicated SRS resource.. Thus, one could argue that beam indication is in-built in PUSCH transmission methods. However, UEs are expected to have a TX/RX beam correspondence to support deriving TX beam(s) from DL RSs – otherwise the system overhead and complexity would be very high due to separate UL TX beam search and training. 
Observation: TX/RX beam correspondence should be the baseline at UE at above 6 GHz.
It is seen desirable to be able to schedule PUSCH without prior SRS resource transmissions, e.g. for PUSCH transmissions after random access procedure and to minimize overhead caused by SRS transmissions. gNB is able to determine uplink channel e.g. from uplink DMRS and thus SRSs wouldn’t be needed for uplink CSI acquisition either. It’s noted that PUSCH scheduled using DCI format 0_0 doesn’t provide SRI(s) as format 0_1. But, there are also no rules how the UE determines the TX beam when scheduled PUSCH using DCI format 0_0.
Observation: PUSCH should be able to be scheduled without prior SRS transmissions. 
Observation: It’s not currently specified how the UE determines the transmit beam for the PUSCH before the SRS resources are configured when scheduled either using DCI format 0_0 or 0_1.
One of the solutions could be that before SRS is configured for codebook-based or non-codebook-based UL, UE may transmit PUSCH similarly as it transmitted Msg3 PUSCH. However, that beam may get out-dated and the UE should be able to adjust the transmit beam (gNB to adjust RX beam as well). But, until UE is configured with any information regarding UL transmit beam selection the UE should use the same TX beam as it used for Msg3 PUSCH. 
Observation: Using the same TX beam for PUSCH as used for Msg3 PUSCH until SRS resource(s) are configured is not seen as complete solution since the TX beam may get out-dated. 
Proposal: UE should use the same TX beam for PUSCH as it used for Msg3 PUSCH until configured QCL reference RS for PUSCH DMRS.
Another potential solution discussed in [3] would be that if SRS not configured, UE assumes spatial relation to the DL RS provided by the TCI state used for PDCCH QCL indication (i.e., the PDCCH carrying the DCI that schedules PUSCH). That would be relatively simple and straightforward solution. Each CORESET is associated with the search space configuration indicating the monitoring pattern for the PDCCH reception meaning that the used transmit beam for the PDCCH follows certain time domain pattern depending on the CORESET and search space configurations. Thus, it may be argued that if the PUSCH transmit beam would be determined from the scheduling PDCCH transmit beam there is some scheduling flexibility limitation for the gNB in terms of which RX beam to use at certain time slot. 
Observation: Solution where UE assumes spatial relation of PUSCH DMRS to the DL RS provided by the TCI state used for PDCCH QCL indication (i.e., the PDCCH carrying the DCI that schedules PUSCH) is simple and straightforward but limits gNB scheduling flexibility. 
As discussed, it’s expected that the UE supports TX/RX beam correspondence and thus UL TX beam(s) can be determined from downlink RSs. Thus, it makes sense to support beam indication for PUSCH that is based on configuring the downlink RS as spatial QCL reference for the PUSCH DRMS. Given that UE will be configured with TCI table for QCL reference RS indication for different DL signals like PDCCH DRMS and PDSCH DMRS, the TCI table could also be used for configuring PUSCH DMRS QCL assumption. QCL reference RSs would be updated over time based on measurement results and thus situation that used transmit beam get out-dated could be avoided with the TCI framework applied also for the PUSCH. Configuration of TCI states for PUSCH and activation of the states to be signalled in DCI could follow the principles agreed for the PDSCH beam indication. 
Correspondingly, the logic would go so that the UE is configured a TCI table with one or multiple TCI states. There could be states that are for PUSCH only or for both PDSCH and PUSCH. Similar to PDSCH, there could be a parameter, tci-PresentInDCI_PUSCH, to control whether TCI state index is given in the UL grant to determine QCL assumptions for the PUSCH DMRS. tci-PresentInDCI_PUSCH could be defined per CORESET. If the tci-PresentInDCI_PUSCH is ‘disabled’ the UE determines spatial relation of PUSCH DMRS to the DL RS provided by the TCI state used for PDCCH QCL indication scheduling the PUSCH. Otherwise the UL grant provides TCI state index based on which the UE determines spatial relation of PUSCH DRMS. The source RS can be SS/PBCH block, CSI-RS or SRS. 
Proposal: Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication.
3	Conclusion
This contribution discussed about beam indication for NR-PUSCH. Based on discussion the following proposals and observations were made:
Observation: TX/RX beam correspondence should be the baseline at UE at above 6 GHz.
Observation: PUSCH should be able to be scheduled without prior SRS transmissions. 
Observation: It’s not currently specified how the UE determines the transmit beam for the PUSCH before the SRS resources are configured when scheduled either using DCI format 0_0 or 0_1.
Observation: Using the same TX beam for PUSCH as used for Msg3 PUSCH until SRS resource(s) are configured is not seen as complete solution since the TX beam may get out-dated. 
Proposal: UE should use the same TX beam as it used for Msg3 PUSCH until configured QCL reference RS for PUSCH DMRS.
Observation: Solution where UE assumes spatial relation of PUSCH DMRS to the DL RS provided by the TCI state used for PDCCH QCL indication (i.e., the PDCCH carrying the DCI that schedules PUSCH) is simple and straightforward but limits gNB scheduling flexibility. 
Proposal: Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication.
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