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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 management.
2  Discussion on remaining issues for beam indication
In RAN1 NR AH#3, the following agreement related to DL beam indication was made [1].
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From this agreement, a list of up to M candidate TCI states is UE-specifically configured to each UE at least for the purpose of QCL indication. The N-bit DCI field provides a dynamic indication method for the demodulation of PDSCH. In this agreement, it is FFS how the states described by the N-bit DCI field are associated with the candidate TCI states. 
In RAN1 #90 bis, the following agreements on beam indication for PDSCH were made [2].
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From the above agreements, 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, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters. but the details are FFS. In our view, RRC only and RRC+MAC-CE signalling can be used for beam indication. In this way, UE is configured by RRC only or configured by RRC and signalled by MAC-CE with one of the candidate TCI states which provides a reference to an RS set which is QCLed with the DMRS port(s) of the PDCSH. This is similar to beam indication for PDCCH, where the robustness can be guaranteed. The RRC only method can be configured to UEs with relatively low moving speed, where frequent beam switch is not needed. The RRC+MAC-CE signaling method is suitable to UEs with certain mobility, but dynamic beam switch with DCI indication is not needed. Based on the above discussion, we make the following proposals for beam indication where TCI field is not present in DL-related DCI. 
Proposal 1: When TCI field is not present in DL-related DCI, RRC only/RRC+MAC-CE signaling can be used to select one of the TCI states for PDSCH QCL indication.
For the case when TCI field is present in DCI field, one of the FFS items in Agreement 1 is the mapping between the candidate states to the states described by N bit DCI field for PDSCH. A list of up to M candidate TCI states is RRC configured. If M is greater than 2N, then among the M candidate TCI states, at most 2N TCI states can be used for PDSCH QCL indication. To make sure the UE know which TCI state the N bit value is associated with, each TCI state should be explicitly configured whether it can be used for PDCCH QCL indication or PDSCH QCL indication, then UE would map the indicator to the n-th TCI state that can be used for PDSCH QCL indication in order, where n is the corresponding value of the N-bit field. If M equals to 2N, the states described by N bit DCI field are mapped to the candidate TCI states in order.
Proposal 2: To map the candidate TCI states to the states described by N bit DCI field, each TCI state should be explicitly configured whether it can be used for PDCCH QCL indication or PDSCH QCL indication.
Since 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 K is related to UE capability, hence UE can report the threshold K in UE capability or determine K by other 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 scheduld PDSCH. However, if the scheduling offset is less than threshold K, there is no enough time for UE to decode PDCCH and select analog beamformer before the starting OFDM symbol of scheduled PDSCH. The first one or two OFDM symbols of PDSCH contain the DMRS symbols, and different QCL parameters of DMRS symbols and PDSCH would affect the decoding. Hence, a configured or predefined spatial assumption is necessary. This case of scheduling offset < threshold K would only happen in the same-slot scheduling, hence it is natual to use the same spatial QCL for PDCCH to receive PDSCH by fault, and if necessary, other spatial QCL assumption can be configured by MAC-CE signaling as well. 
Proposal 3: Support UE to report the threshold K in UE capability or determine K by other UE capability parameters, e.g. processing time.
Proposal 4: 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 by fault.
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 only/RRC+MAC-CE signaling can be used to select one of the TCI states for PDSCH QCL indication.
Proposal 2: To map the candidate TCI states to the states described by N bit DCI field, each TCI state should be explicitly configured whether it can be used for PDCCH QCL indication or PDSCH QCL indication.
Proposal 3: Support UE to report the threshold K in UE capability or determine K by other UE capability parameters, e.g. processing time.
Proposal 4: 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 by fault.
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Agreement #1:


A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication


Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH


FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH


Each TCI state can be configured with one RS Set


Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:


SSB


Periodic CSI-RS


Aperiodic CSI-RS


Semi-persistent CSI-RS


FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item


FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes


At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.


The mechanisms used for different RS types are FFS


FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes


FFS: Value of N, where N is at most [3] bits


Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.





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





Agreement #3:


For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:


The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.


If the scheduling offset < threshold K: PDSCH uses a pre-configured/pre-defined/rule-based spatial assumption (details: FFS) 


FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.


FFS: How to update pre-configured/pre-defined spatial assumption (if applicable) 


Threshold K can be based on UE capability only if multiple candidate values of K are supported. 


If the scheduling offset >= threshold K: PDSCH uses the beam (spatial QCL parameter) indicated by the N-bit TCI field in the assignment DCI.








