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1. Introduction
In previous RAN1 meetings, following agreements are made regarding DL and UL beam management for NR, and the agreements from email discussion#17 after RAN1#90bis are captured in the Appendix in this document:
	Agreement:

Support at least the explicit approach for the update of spatial QCL reference in a TCI state.

· FFS: Additional support for implicit update.

· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach

· Note: In the implicit approach, when a set of aperiodic CSI-RS resources are triggered, the triggering DCI includes a TCI state index which provides spatial QCL reference for the triggered set of CSI-RS resources. Following the measurement, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated based on the preferred CSI-RS determined by the UE. Other operations of implicit approaches are not precluded.

Agreement:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.

Spatial parameter

Reference RS

Target RS

Signalling mode

Spatial

SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS

FFS: AP-CSI-RS, SP-SRS

P SRS

RRC

Spatial

SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS

FFS:AP-SRS, AP-CSI-RS

SP-SRS

RRC + MAC-CE

Spatial

SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS

Working assumption: AP-CSI-RS

AP SRS

RRC or RRC+MAC CE for configuration,
indication with DCI 

 FFS: The use of spatial relation across CCs and/or BWPs.

Agreement:
Working assumption from RAN1#90 is confirmed:

For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where

The set configuration contains an information element (IE) indicating whether repetition is “on/off”

Note: In this context, repetition “on/off” means:

“On”: The UE may assume that the gNB maintains a fixed Tx beam

“Off”: The UE can not assume that the gNB maintains a fixed Tx beam

Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

Furthermore, the following details are agreed

CSI-RS resources in the resource set are TDMed if repetition is ON 

If repetition is ON, The UE does not expect different values for the following parameters across different CSI-RS resources within a resource set

Transmission periodicity

Number of antenna port subject to RAN4 decision

FFS for other parameters

Agreement:
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:

Single resource set with repetition = “OFF”

UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback

Single resource set with repetition = “ON”

UE does not report CRI

FFS: Further support additional configuration by down selection from the following two alternatives:

(a) Multiple resource sets, all with repetition = “ON” 

UE reports CSI-RS resource set indicator(s) for CRI feedback

· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings

(b) Multiple equal-size resource sets, all with repetition = “OFF”

UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets

Note: Not all configurations are applicable for P1/P2/P3

FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)

Agreement:
The contents of R1-1719059 are approved with the following clarifications and modification

· Slide 2: (Modification) Add N=3

· Slide 3: (Clarification) For uplink BM, multiple SRS resource sets can be configured

· For all slides: (Clarification) RRC parameter list refers to SRS resource set and previous agreements refer to SRS groups. Both are the same thing.

Agreement:
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH

· Support the following reporting types for beam mgmt. on the above channels

· For Periodic, support long PUCCH and short PUCCH

· Semi-persistent – support all channels

· Aperiodic – support PUSCH and short PUCCH

Agreement:
· Down-select to one of the following 2 options for the DCI field size for TCI in RAN1#91

· Alt-1: Fixed number of bits [2 or 3] bits

· Alt-2: A higher layer signaling parameter indicates the number of bits (2 or 3)




In this contribution, we further discuss remaining details on beam managements in NR.
2. Discussions
On the FFS point on “FFS: Additional support for implicit update”, our view is that it should be sufficient to be based on explicit signalling similar to LTE PQI field, where each PQI state is described by RRC signalling explicitly. On top of that, we may consider to have a default state description to have the same spatial QCL assumption between PDCCH DMRS and PDSCH DMRS.

Proposal 1: It is sufficient to support the explicit signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to a TCI state.
For the down-selection for one of the following 2 options for the DCI field size for TCI, where Alt-1 is for a fixed number of bits [2 or 3] bits, and Alt-2 is for a higher layer signaling parameter indicating the number of bits (2 or 3), our view is that Alt-2 can be adopted since many other DCI fields in NR and their field sizes are configurable by RRC, and for this TCI field can have such flexibility as well depending on network implementation.

Proposal 2: Regarding the DCI field size for TCI, it is preferred to support more flexible option as Alt-2 that the TCI field size is RRC configurable (with 2 or 3 bits).

Regarding a remaining issue that “Configuration of RS set for each state can be done via higher layer signalling, e.g., RRC / RRC + MAC CE”, our preference is to support RRC + MAC CE signalling in NR, so that each indicator state can be updated by MAC CE to have better efficiency and flexibility in network implementation. 

Proposal 3: Support that the configuration of RS set for each state can be done not only via RRC, but also via RRC + MAC CE.
Regarding the timing when the QCL is applied relative to the time of the QCL indication, our view is that at least 1 slot latency or a couple of symbols should be allowed for the timing gap to correctly decode the PDCCH in order to change/apply the PDSCH beam according to the PDCCH indication.

Note this latency can only be applied for spatial QCL indication, and the other QCL parameters such as delay spread, and so on, can be applicable in the same slot on which the DL grant is delivered as in LTE. If assuming 1 slot latency for spatial QCL indication as mentioned above, NR-PDSCH scheduled and transmitted in slot #n is based on the spatial QCL indication provided in the latest slot carrying the TCI field before slot #n, and is based on the other QCL parameters provided in the same slot #n. It should also be noted that such latency may depend on UE capability so that a UE may report its relevant capability regarding the latency as a couple of symbols within a slot. In this case, the above behaviour may be applicable in symbol-level granularity per UE based on its capability, and one symbol gap within the transmitted PDSCH may need to be applied in consideration of RF switching time due to the beam changes.

Proposal 4: At least 1 slot latency or a couple of symbols should be allowed for the timing when the QCL is applied relative to the time of the QCL indication. The other QCL parameters such as delay spread can be applicable in the same slot on which the DL grant is delivered as in LTE.
3. Conclusion
This contribution discussed remaining details on beam managements in NR. Following proposal is given, based on the discussion:
Proposal 1: It is sufficient to support the explicit signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to a TCI state.
Proposal 2: Regarding the DCI field size for TCI, it is preferred to support more flexible option as Alt-2 that the TCI field size is RRC configurable (with 2 or 3 bits).

Proposal 3: Support that the configuration of RS set for each state can be done not only via RRC, but also via RRC + MAC CE.

Proposal 4: At least 1 slot latency or a couple of symbols should be allowed for the timing when the QCL is applied relative to the time of the QCL indication. The other QCL parameters such as delay spread can be applicable in the same slot on which the DL grant is delivered as in LTE.
Appendix
The agreements from email discussion#17 after RAN1#90bis are captured as follows:

	Agreement:
· Include the RRC parameter: Num-Reported-RS-Measure. Value Range – {1,2,3,4}, Default – 1. 

· The number N of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability. The value range for N is {1,2,3,4}.

· Note: this parameter may not be needed for certain RS and/or report settings

· FFS: The signaling mechanism for the gNB to select a subset of N beams for the UE to measure and report.

· FFS the inclusion of the parameter Apply_Same_SpatialFilter_Mult-SRS-Resource.

· Beam management to not discuss the RRC parameter on power control for SRS and merge it with the power control discussion in UL PC.

· Support parameter Is-TCI-Present 

· Whether for the case when at least spatial QCL is configured/indicated, if TCI field is present or not present in DL-related DCI. FFS: Details on whether it is per-CORESET or per-UE configured

· Boolean

· Default is True

· For the case when TCI is not present in DL-related DCI, continue discussion of the details regarding higher-layer signaling of QCL parameters/indication for determining QCL parameters for PDSCH

· NR supports a mechanism to identify the spatial QCL if the offset between the time of reception of DL assignment for the PDSCH and time of reception of PDSCH is less than Threshold-Sched-Offset. 

· FFS: if the identification requires explicit RRC signaling or rule based.

· NR does not support the RRC parameter in beam management: Threshold-Sched-Offset. 

· FFS if such a parameter is included as a UE capability

· Support the following parameter: 

· SRS-SpatialRelationInfo Configuration/indication of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS. Source: R1-1718920

· Value range: {SSB, CSI-RS, SRS}

· Support the following RRC parameter: 

· resource-config-SS-list   List of SSB resources used for beam measurement and reporting in a resource set. Source: R1-1719059                 

· Value range: {SSB indices}            

· Support an RRC parameter to configure RS resources for the purpose of new candidate beam identification. 

· FFS whether the parameter is the type of reference signal or the actual resources used for beam failure recovery.

· Confirm the following  working assumption: 

· Beam failure detection is determined based on the following quality measure: 

· Hypothetical PDCCH BLER

· FFS: if RRC parameter is required to set different threshold values for UE to detect beam failure.

· Continue discussion on the threshold type, and whether or not the need for RRC parameter for Candidate-Beam-Identification-Threshold

· Support parameter “Beam-failure-recovery-request-RACH-Resource” 

· Parameters for dedicated PRACH resources for beam failure recovery: 

· Preamble sequence related parameters, e.g., root sequence, cyclic shift, and preamble index. 

· Maximum number of transmissions

· Maximum number of power rampings

· Target received power

· Timer for retransmission

· Retransmission Tx power ramping step size

· Beam failure recovery timer 

·  Note: could be a subset of above parameters if re-using the same parameter as initial access

· FFS details of the structure and elements

· No need to introduce RRC parameter Beam-Failure-Resource as it is covered by “Beam-failure-recovery-request-RACH-Resource”

· FFS potential RRC parameter Beam-Failure-Recovery-Response-CORESET & Candidate-Beam-BFR-Resource-List
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