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1. Introduction
NR beam management shall support the establishment and maintenance of beam pair links (BPLs) between TRP and UE and apply those beam pair links for control and data channels. 
The main purpose of DL beam management is for the establishment and maintenance of beam pair links for DL channels. Therefore, it shall be composed of the following features:
· Transmission of beam management reference signals by gNB.
· Beam measurement and reporting by UE.
In addition, due to UE Rx analog beamforming, the UE shall understand the applied beam pair link before it receives signals from gNB, for that purpose, the following feature is needed:
· Beam indication by gNB.
In case of beam correspondence, the beam pair links applicable for UL channels can be derived from DL beam management, by appropriate design. Otherwise, the system may require an UL beam management procedure for the establishment and maintenance of beam pair links for UL channels. 
In this contribution, we further discuss the remaining issues associated with beam indication and beam reporting.
2. Beam indication 
2.1 Default TCI states for PDCCH beam indication
Based on the agreements in RAN 1 #91 meeting [1], between initial RRC configuration and MAC CE activation of TCI states, the UE may assume that both PDCCH and PDSCH are spatially QCL-ed with the SSB determined during the initial access. However, for the ambiguity period between RRC re-configuration and MAC CE activation of TCI states, the UE assumption on the spatial QCL is not decided. Based on the feature lead summary in RAN 1#92 meeting [2], some companies provided their views on this issue. Two main alternatives are listed as below:
· Alt. 1: UE follows a previous beam
· Alt. 2: UE follows one of the RRC configured beam, e.g., the lowest entry of TCI-States
For Alt. 1, there are different definitions on the previous beam, one option is that the previous beam is the SS block associated beam determined during the initial access, the other option is the latest activated/configured beam before the RRC reconfiguration. 
In our understanding, there are two ambiguity periods between RRC re-configuration and MAC CE activation of TCI states as Fig. 1 shows. During ambiguity period #1, UE applies the re-configured parameters at a certain timing no later than the RRC reconfiguration complete message, where the exact timing is not defined. The RRC information will be overwritten once the RRC re-configuration is adopted by UE. In that sense, it is usually not impossible for UE to keep the previous knowledge of beam for PDCCH configured by previous RRC configuration. The SS block associated beam determined during the initial access is still available during the ambiguity period #1, however, the beam may be out-of-date as it is determined long before. However, considering that it is impossible for UE to keep the RRC information before the reconfiguration, the gNB should include the latest activated/configured beam in the RRC re-configured beam list. From UE side, one of the RRC configured beams should be assumed as the default beam before RRC reconfiguration complete.
Ambiguity period #2 happens only in case of multiple TCI states are configured to one PDCCH. Based on the analysis for the period #1, the latest activated/configured beam is preferred. As a continue of ambiguity period #1, one of the RRC configured beam is assumed as the default beam before the beam indication is completed.
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Figure 1. RRC re-configuration procedure for beam indication
Proposal 1: For RRC re-configuration of TCI states, the UE may assume that the first/lowest entry of TCI-States in RRC reconfiguration is the default TCI state for PDCCH until the RRC re-configuration complete, or reception and application of MAC activation if multiple TCI states are configured. 
Proposal 2: For RRC re-configuration of TCI states, gNB should include the latest activated/confiugred TCI state  in the RRC re-configured TCI states for PDCCH.
2.2 Default spatial assumption for aperiodic CSI-RS
[bookmark: _Hlk510389186]When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay for UE to update the TCI state, UE need to assume a default beam for aperiodic CSI-RS reception. As UE need time for beam switching which may be several symbols, it is impossible to transmit CSI-RS and PDSCH in adjacent OFDM symbols. In that sense, UE may assume that the aperiodic CSI-RS transmitted in the PDSCH region is QCL-ed with a default TCI state, where the default TCI state corresponds to the TCI state used for PDSCH QCL indication in the slot where the measurement is performed.
[bookmark: OLE_LINK4]Proposal 3: When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay for UE to update the TCI state, UE may assume that the aperiodic CSI-RS transmitted in the PDSCH region is QCL-ed with a downlink RS used for PDSCH QCL indication in the slot where the measurement is performed.
2.3 Default spatial relation for PUCCH beam indication 
Based on the agreements in RAN 1 #91 meeting [1], PUCCH-Spatial-relation-info was introduced for each PUCCH resource configuration for PUCCH beam indication, and MAC CE can indicate one PUCCH-Spatial-relation-info when more than one PUCCH-Spatial-relation-info are configured. Between the initial RRC configuration and MAC CE activation of the PUCCH-Spatial-relation-info, similar with PDCCH beam indication, UE may assume to use the SS/PBCH block identified during the initial access for PUCCH transmission until the reception and application of MAC activation. 
For RRC reconfiguration, during the ambiguity period showed in Fig. 1, as analysed in section 2.1, UE may assume a default beam as PUCCH associated beam. From the time-validity perspective, the default beam shall be a latest activated/configured beam. From the RRC-validity perspective, the default beam shall be included in both original RRC configuration and RRC reconfiguration. Therefore, we propose that the first/lowest entry of spatial relations in RRC reconfiguration is the default spatial relation for PUCCH until the RRC re-configuration complete, or reception and application of MAC activation if multiple spatial relations are configured.
Proposal 4: For initial RRC configuration, the default spatial relation that the UE may assume is the SS/PBCH block identified during initial access. 
Proposal 5: For RRC re-configuration of spatial relations, the UE may assume that the first/lowest entry of spatial relations in RRC reconfiguration is the default spatial relation for PUCCH until the RRC re-configuration complete, or reception and application of MAC activation if multiple spatial relations are configured.
Proposal 6: For RRC re-configuration of spatial relations, gNB should include the latest activated/confiugred spatial relation in the RRC re-configured spatial relations for PUCCH.

2.4 Default spatial relation for PUSCH beam indication
For either the case of PUSCH scheduled by DCI format 0_0 (no SRI field) or the case that no SRS is configured, the UE may assume a default spatial relation for the transmission of PUSCH. Similar with PDSCH indication, the first entry of spatial QCL relation for PUCCH in the latest slot as the default spatial relation.
Proposal 7: For either the case of PUSCH scheduled by DCI format 0_0 (no SRI field) or the case that no SRS is configured, the UE may assume a default spatial relation for the transmission of PUSCH, where the default spatial relation is the first entry of spatial QCL relation configured for PUCCH in the latest slot.
3. MAC CE timing design for beam indication
At the RAN1 # AH 1801 meeting [3], following agreements have been made to clarify MAC CE timing for downlink beam indication. 
	[bookmark: OLE_LINK7]Agreement:
Include in LS to RAN2 in response to R1-1800003: “These are candidate values that RAN1 is considering.”
Downlink-related:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Time between the ACK transmission for the PDSCH carrying the MAC-CE activation message and the time that the UE is able to apply the QCL assumption carried by the MAC-CE message. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values which may be based on UE capability.
· For PDSCH
· Candidate values (slots): 8, 10, 20, 40, 80 (considering the minimum 10 ms periodicity for TRS in case of 80 slots) 
· For PDCCH:
· Candidate values (slots): 8, 10, 20, 40, 80 
· For SP-CSI-RS:
· Candidate values (slots): 8, 10, 20, 40, 80 
Uplink-related:
· FFS


Similarly, in the UL, MAC-CE may be used for selecting the spatial QCL assumption for PUCCH transmission. For all these procedures involving MAC-CE signalling, there is ambiguity on application timing of the MAC-CE indication that should be solved. The timeline design applied for PDSCH/PDCCH beam indication can be a reference. However, as the beamforming for PUCCH based the spatial relation indication is implemented in UE side, a shorter time duration is needed for PUCCH compared to downlink channels. Based on the discussion above, we have following proposals:
Proposal 8: Time between the ACK transmission for the PDSCH carrying the MAC-CE activation message and the time that the UE is able to apply the QCL assumption carried by the MAC-CE message. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values which may be based on UE capability. 
· For PUCCH:
· Candidate values (slots): 4, 8, 10, 20, 40
4. Differential RSRP reporting
It has been agreed that differential RSRP reporting is supported for both group-based and non-group-based beam reporting. For the case that strongest RSRP reaches out the largest value range of 7 bits, gNB would not be able to decide what RSRP value of the coresponding beam is. A following problem is that how to determine the differential RSRP value when the strongest RSRP is out of range. Two alternatives can be considered as following:
· Alt.1: set the max L1-RSRP value in the specification as the reference L1-RSRP.
· Alt.2: set the original measuremd L1-RSRP value as the reference L1-RSRP.
For example, UE measured L1-RSRP values are -40dB, -48dB and -52dB, while the max value in the specificaiton is -44dB. For beam reporting adopting Alt. 1, the differential L1-RSRP values shall be -4dB and -8dB. For beam reporting adopting Alt. 2, the differential L1-RSRP values shall be -8dB and -12dB. Based on the obervation, Alt. 1 have better accuracy in reporting the beams with lower RSRP, while Alt. 2 have better accuracy in reporting the relative RSRPs.
In our understanding, for non-group based beam reporting, gNB will select one good beam based on differential beam reporting for control/data transmission. It is important for gNB to know the relative RSRP to decide whether to use the best beam or the second beam. For group-based-beam reporting, gNB may select more than one good beams based on differential beam reporting for control/data transmisison. In that case, it is important for gNB to know the relative RSRP to decide whether the mulitple beams can be combined for higher rank transmission. Based on the analysis above, Alt. 2 is slightly preferred. 
Proposal 9: Support using the measured value of the largest L1-RSRP as the reference value for differential L1-RSRP reporting, when the largest L1-RSRP is reported as out-of-range. 
5. Summary
In this contribution, we provide further views on beam management for NR. Following is our proposals.
Proposal 1: For RRC re-configuration of TCI states, the UE may assume that the first/lowest entry of TCI-States in RRC reconfiguration is the default TCI state for PDCCH until the RRC re-configuration complete, or reception and application of MAC activation if multiple TCI states are configured. 
Proposal 2: For RRC re-configuration of TCI states, gNB should include the latest activated/confiugred TCI state  in the RRC re-configured TCI states for PDCCH.
Proposal 3: When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay for UE to update the TCI state, UE may assume that the aperiodic CSI-RS transmitted in the PDSCH region is QCL-ed with a downlink RS used for PDSCH QCL indication in the slot where the measurement is performed.
Proposal 4: For initial RRC configuration, the default spatial relation that the UE may assume is the SS/PBCH block identified during initial access. 
Proposal 5: For RRC re-configuration of spatial relations, the UE may assume that the first/lowest entry of spatial relations in RRC reconfiguration is the default spatial relation for PUCCH until the RRC re-configuration complete, or reception and application of MAC activation if multiple spatial relations are configured.
Proposal 6: For RRC re-configuration of spatial relations, gNB should include the latest activated/confiugred spatial relation in the RRC re-configured spatial relations for PUCCH.
Proposal 7: For either the case of PUSCH scheduled by DCI format 0_0 (no SRI field) or the case that no SRS is configured, the UE may assume a default spatial relation for the transmission of PUSCH, where the default spatial relation is the first entry of spatial QCL relation configured for PUCCH in the latest slot.
Proposal 8: Time between the ACK transmission for the PDSCH carrying the MAC-CE activation message and the time that the UE is able to apply the QCL assumption carried by the MAC-CE message. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values which may be based on UE capability. 
· For PUCCH:
· Candidate values (slots): 4, 8, 10, 20, 40
Proposal 9: Support using the measured value of the largest L1-RSRP as the reference value for differential L1-RSRP reporting, when the largest L1-RSRP is reported as out-of-range. 
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