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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.
2. Beam indication for PDSCH
For beam indication for PDSCH, the following was agreed at the RAN1#91 meeting [1], which defined a general signaling framework.
	[bookmark: OLE_LINK2]Agreement:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 
· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot
Agreement:
· A candidate set of DL RSs are configured using RRC mechanism
· Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
· The same set of M TCI states are reused for CORESET
· K TCI states are configured per CORESET 
· When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication
· When K=1, no additional MAC CE signaling is necessary


If the CORESET is configured with Is-TCI-Present=TRUE, the TCI field is always present in the DCI associated to PDSCH scheduling. It takes time for UE to decode the DCI, identify the Rx beams for reception based on TCI, and then switch Rx beams. When scheduling offset is less than the threshold, UE shall refer to the TCI state associated with the CORESET with the lowest CORESET ID. However, the number of TCI states may be larger than one for the lowest CORESET ID based on the agreements. Thus, there will be an ambiguity for UE during the time period wherein the unique TCI state has not been finally chosen (by MAC-CE) for the CORESET with the lowest CORESET ID. One straightforward way is to limit the number of TCI states configured for the CORESET with lowest ID to 1. Therefore, we have a proposal as follows.
Proposal 1: Limit the number of TCI states of the CORESET with the lowest ID to 1:
· K(n) TCI states are configured for each CORESET, n = 0, 1, ..., N-1 by RRC signaling, where n is the CORESET index
· For the CORESET n = 0, UE is expected to be configured with only one TCI state, i.e., K (0) = 1.
3. MAC CE timing design for beam indication
MAC-CE is used in several places for beam indication. For instance, if a CORESET is configured with multiple TCI states, MAC-CE will be used for down-selecting one state for that CORESET. For PDSCH, MAC-CE will be used to down-select 8 candidate TCI states, which are to be further dynamically down-selected to 1 TCI state by downlink grant. 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. In Rel. 14, similar MAC CE activation/deactivation mechanism was used for aperiodic CSI-RS resource selection. The timeline design applied therein can be a reference. The timing is defined in section 7.2.8 of TS 36.213 [4] as follows and we propose the followings.
	3GPP TS 36.213 V14.2.0 (2017-03) 7.2.8 CSI-RS Activation/Deactivation
· when a UE receives an activation command [8] for CSI-RS resource(s) associated with the CSI process in subframe n, the corresponding actions in [8] and UE assumption on CSI-RS transmission corresponding to the [image: cid:image001.png@01D3893E.197C23A0] activated CSI-RS resource(s) shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, where [image: cid:image002.png@01D3893E.197C23A0]is the number of activated CSI-RS resources for the CSI process, and [image: cid:image003.png@01D3893E.197C23A0]is the maximum number of CSI-RS resources supported by the UE for a CSI process of the serving cell,
· when a UE receives a deactivation command [8] for activated CSI-RS resource(s) associated with the CSI process in subframe n, the corresponding actions in [8] and UE assumption on cessation of CSI-RS transmission corresponding to the deactivated CSI-RS resource(s) shall apply no later than the minimum requirement defined in [10] and no later than subframe n+8.


Proposal 2: Exact application timing for MAC-CE activation for PDCCH/PDSCH/PUCCH beam indication should be specified in RAN1. 
· when a UE receives an activation command for PDCCH/PDSCH TCI state(s) in slot n, the corresponding actions and UE assumption on TCI state(s) shall be in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213]
· when a UE receives an activation command for PUCCH spatial relation between reference RS and PUCCH in slot n, the corresponding actions and UE assumption on spatial relation between reference RS and PUCCHshall be applied  in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213].
The following text proposal should be considered for TS 38.213 and TS 38.214 respectively.
	3GPP TS 38.213
9.4 TCI state activation / Deactivation
For a serving cell and UE configured with more than one spatial relation between reference RS and PUCCH for one PUCCH resource, 
· when a UE receives an activation command for PUCCH spatial relation between reference RS and PUCCH in slot n, the corresponding actions and UE assumption on spatial relation between reference RS and PUCCH shall be applied  in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213].
10.2 TCI state activation / Deactivation
For a serving cell and UE configured with more than one TCI states for one CORESET, 
· when a UE receives an activation command for PDCCH TCI state(s) in slot n, the corresponding actions and UE assumption on TCI state(s) shall be in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213]



	3GPP TS 38.214
5.1.7 TCI state activation / Deactivation
For a serving cell and UE configured with more than 8 TCI states for PDSCH, 
· when a UE receives an activation command for PDSCH TCI state(s) in slot n, the corresponding actions and UE assumption on TCI state(s) shall be in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213]



4. Text proposal for CSI reporting configurations
At the RAN1 #90b meeting[2], folloing agreements were agreed:
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· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4 where a subset of N (N<=N_max where N = 1, 2,3,4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
FFS stepping size of differential quantization


Based on the highlighted part in the agreements, a subset of N beams can be selected by the gNB and indicated to the UE. However, this part has not been captured into the lastest specification [3]. Therefore, we propose to add the following setence in 3GPP TS 38.214 section 5.2.1.4 to capture the RAN 1 agreements.

	3GPP TS 38.214
5.2.1.4 Reporting configurations

if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'OFF', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] and part of the nrofReportedRS (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] can be indicated to the UE by [signalling] for each report setting. If the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size.


5. Summary
In this contribution, we provide further views on beam management for NR. Following is our proposals.
Proposal 1: Limit the TCI state number of the CORESET with the lowest ID to be 1:
· K(n) TCI states are configured for each CORESET, n = 0, 1, ..., N-1 by RRC signaling
· For the CORESET n = 0, UE is expected to be configured with only one TCI state, i.e., K (0) = 1
Proposal 2: Exact application timing for MAC-CE activation for PDCCH/PDSCH/PUCCH beam indication should be specified in RAN1. 
· when a UE receives an activation command for PDCCH/PDSCH TCI state(s) in slot n, the corresponding actions and UE assumption on TCI state(s) shall be in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213]
· when a UE receives an activation command for PUCCH spatial relation between reference RS and PUCCH in slot n, the corresponding actions and UE assumption on spatial relation between reference RS and PUCCHshall be applied  in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213].
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Appendix
Change request for 3GPP TS 38.214 V15.0.0 (2017-12)
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…unraleted part….

When the UE is configured with a CSI-RS resource set and when the higher layer parameter CSI-RS-ResourceRep is set to 'OFF', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause [TBD] of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported-UE is not expected to receive reporting configuration except “No report”. 

…unraleted part….
When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP'
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'OFF', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] and part of the nrofReportedRS (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] can be indicated to the UE by [signalling] for each report setting. If the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size. If the higher layer parameter nrofReportedRS is configured to be larger than one, the UE shall use largest L1-RSRP and differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP values are computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. 
Text proposal for 3GPP TS 38.213 V15.0.0 (2017-12)
3GPP TS 38.213
9.4 TCI state activation / Deactivation
For a serving cell and UE configured with more than one spatial relation between reference RS and PUCCH for one PUCCH resource, 
· [bookmark: _GoBack]when a UE receives an activation command for PUCCH spatial relation between reference RS and PUCCH in slot n, the corresponding actions and UE assumption on spatial relation between reference RS and PUCCHshall be applied  in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213].
10.2 TCI state activation / Deactivation
For a serving cell and UE configured with more than one TCI states for one CORESET, 
· when a UE receives an activation command for PDCCH TCI state(s) in slot n, the corresponding actions and UE assumption on TCI state(s) shall be in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213]
3GPP TS 38.214
5.1.7 TCI state activation / Deactivation
For a serving cell and UE configured with more than 8 TCI states for PDSCH, 
· when a UE receives an activation command for PDSCH TCI state(s) in slot n, the corresponding actions and UE assumption on TCI state(s) shall be in slot n+2k, k is the slots number for PDSCH HARQ receiving described in [9.2.3, TS 38.213]
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