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1 Introduction

In previous meetings, some agreements related to beam management were reached, including beam measurement, beam reporting, and beam indication. However, some details are still not clear. In this contribution, we present our views on the remaining issues of beam indication. Note that this contribution is revised from R1-1720586.
2  Discussion on remaining issues for beam indication
In RAN1 #87 Meeting, the following agreements on beam indication for PDCCH were made [1].

In RAN1 #90 bis, the following agreements on beam indication for PDSCH were made [2].
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In RAN1 #91 Meeting, the following agreement related to DL beam indication was made [3].
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From the above agreements, NR supports with and without a downlink indication to derive QCL assumption. For the case with beam indication, two different beam indication methods are supported for PDSCH demodulation. One is no dynamic indication where the TCI field is not present in DL-related DCI, and the other is dynamic indication where the TCI field is always present in the associated DCI for PDSCH scheduling. Both the two methods have some details to be addressed, in the following, we will discuss the remaining issues for beam indication.
For the case when TCI field is not present in DCI field, the TCI state used for PDCCH is reused for PDSCH reception. However, this configuration is not suitable for some cases. For example, if a UE is moving with certain mobility, but dynamic beam switching with DCI indication is not needed, or it is unnecessary for UE to change the receive beam in every slot,  RRC+MAC-CE signaling can be used to inform UE the suitable receive beam. If the TCI states for PDDCH is reused, the beamforming gain for PDSCH may not be satisfactory, since the beam used for PDCCH transmission will mainly guarantee the reliability . Moreover, multi-beam transmission is supported in NR, reusing the TCI state of PDDCH will limit the scheduling flexibility of multi-beam transmission. In TS 38.214 [4], it mentioned that if TCI-Present In DCI is set as 'Disabled' for the CORESET scheduling the PDSCH, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical with the TCI state applied for the CORESET used for the PDCCH transmission. In our view, RRC+MAC-CE should be supported to inform UE the TCI state when TCI field is not present in DCI field. The candidate TCI states can be configured by RRC and the seclected TCI state can be signalled by MAC-CE to provide a reference to an RS set which is QCLed with the DMRS port(s) of the PDCSH.
Proposal 1: When TCI field is not present in DL-related DCI, RRC+MAC-CE signaling can be used to select one of the TCI states for PDSCH QCL indication. If UE does not receive the corresponding MAC-CE signaling, the UE assumes that the TCI state for the PDSCH is identical with the TCI state applied for the CORESET used for the PDCCH transmission.
For the case when TCI field is present in DCI field, the TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling, the relationship between the scheduling offset and the threshold K would affect the beam switching behavior. The Threshold-Sched-Offset K is FFS. The threshold K is related to UE capability, hence UE can report the threshold K as on one of the UE capability parameters or determine K by other reported UE capability parameters, e.g. processing time. 
If the scheduling offset is greater than or equal to threshold K, the spatial QCL indicated by the N-bit TCI field in DCI can be used for the scheduled PDSCH. However, if the scheduling offset is less than the threshold K, there is no enough time for UE to decode PDCCH and select the analog beamformer before the starting OFDM symbol of the scheduled PDSCH. To use the DMRS symbols for decoding PDSCH, DMRS and PDSCH should be sent by the same channel, including the same beam. Thus, if the scheduling offset is less than the threshold K,  a configured or predefined spatial QCL assumption is necessary. This case of scheduling offset < threshold K would only happen in the same-slot scheduling, hence it is natural to use the same spatial QCL for PDCCH to receive PDSCH by default, and if necessary, other spatial QCL assumption can be configured by MAC-CE signaling as well. Otherwise, when UEs with larger threshold K are scheduled, if only TCI state of PDCCH can be applied, it would reduce the beamforming gain of PDSCH.     
Proposal 2: Support UE to report the threshold K as one of the UE capability parameters or determine K by other reported UE capability parameters, e.g. processing time.

Proposal 3: If the scheduling offset < threshold K, the PDSCH spatial QCL indication can be configured by MAC-CE signaling, otherwise, UE use the same spatial QCL of PDCCH bydefault.
3 Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: When TCI field is not present in DL-related DCI, RRC+MAC-CE signaling can be used to select one of the TCI states for PDSCH QCL indication. If UE does not receive the corresponding MAC-CE signaling, the UE assumes that the TCI state for the PDSCH is identical with the TCI state applied for the CORESET used for the PDCCH transmission.
Proposal 2: Support UE to report the threshold K as one of the UE capability parameters or determine K by other reported UE capability parameters, e.g. processing time.
Proposal 3: If the scheduling offset < threshold K, the PDSCH spatial QCL indication can be configured by MAC-CE signaling, otherwise, UE use the same spatial QCL of PDCCH bydefault.
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Agreement #1:


   NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception





Agreement #2:


For the case when at least spatial QCL is configured/indicated, support higher-layer UE-specific configuration of whether or not TCI field is present in DL-related DCI


Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI


For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication (ref:Annex) where no spatial QCL parameters are higher layer configured


Present: Details on Slide 7.


Proposed candidate solutions should consider


Below and above 6GHz DL beam related operation with and without beam indication  


Downlink beam management with and without beam indication 





Agreement #3:


•	The state Is-TCI-Present is configured on a per-CORESET basis


•	For beam management with beam indication, on all CORESETs configured with Is-TCI-Present=false, the TCI state used for PDCCH is reused for PDSCH reception





Agreement #4:


•	When the scheduling offset is <=k, the PDSCH uses QCL assumption that is based on a default TCI state (e.g. the first state of the 2^N states used for PDSCH QCL indication)








