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1. Introduction
This contribution discusses the remaining issues of DL and UL beam management. This is a revision of R1-1717812.
Previous agreements are captured below for reference.
Agreements:
· 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

2. DL beam management

2.1. Beam measurement and reporting

The following agreements on beam measurement and reporting are noted. 
Agreement:
· Support Alt#1 for SSB: configuration of SSB resources within a resource setting for beam management. L1-RSRP measurement on those configured resources is reported. 

· 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 

2.1.1 Value of Nmax

N denotes the number of configured RS resources to be reported per report setting in a non-group-based report, where N <= Nmax taking value from {1,2,3,4}.  Nmax denotes the maximum number of reported beams, which is a UE-capability between 2 and 4. 
We suggested adding Nmax = 1 as one UE capability, to facilitate low-cost UE implementation and faster NR rollout.
Proposal:  Introduce Nmax = 1 as one UE capability. 

2.1.2 Value of N

It is FFS whether N should be semi-statically configure or may dynamically change (controlled by gNB or UE). 
Our view is that an RRC configured N should at least be supported. Beam reporting payload would be known and requires no blind decoding at gNB. In addition, if the value of N is allowed to dynamically change, the following options are possible:
· Option 1- Controlled by gNB: The value of N is dynamically determined by gNB, and indicated to the UE e.g. in UL grant.
· Option 2- Controlled by UE: The value of N is dynamically determined by UE (e.g. based on DL beam measurement). Beam reporting payload is a variable. If N is jointly encoded with other beam reporting contents (e.g. CRI/RSRP), blind decoding is needed at gNB. Otherwise N can be independently encoded from other reporting contents without any blind decoding at gNB. Both increase system complexity and the benefits are unclear.
Proposal: 
· Support semi-statically configured N,  for periodic/semi-static/aperiodic reporting
· Support dynamically changing N controlled by gNB, for aperiodic beam reporting.
It was agreed that N takes value from {1, 2, 3, 4} but it is unclear whether all values of N shall be supported for all reporting channel (PUCCH and PUSCH). Similar to CSI, beam reporting should be self-contained per slot. For PUSCH with large payload all values of N should be supported. For long PUCCH this is also likely true (unless control channel agrees on a rather small payload for long PUCCH). For short PUCCH, the payload is expected to be small (e.g. 20-30 bit), so N = {1,2} can be supported.
Proposal: Support N = {1,2,3,4} on PUSCH and long PUCCH, and N = {1,2} for short PUCCH.
Three candidate triggering mechanisms (e.g. DL-related DCI or UL-related DCI) are under discussion for A-CSI triggering on short PUCCH. Aperiodic beam reporting should follow the conclusion and use the same triggering mechanism.
Proposal: Aperiodic beam reporting on short PUCCH is to follow the conclusion of A-CSI on short PUCCH.
The purpose of differential reporting is to increase uplink coverage by reducing feedback overhead (e.g. 11/15/19 bits compared to 14/21/28 bits for N = 2/3/4). It is therefore mainly beneficial to short PUCCH. For long PUCCH and PUSCH that has a large capacity, the need of differential reporting is less justified. This is analogous to LTE where PUSCH does not support differential CSI.
Proposal: Differential reporting is not supported on PUSCH and long-PUCCH.
2.1.3 Beam repetition
Beam repetition for CSI-RS has been agreed in order to support P2/P3 procedures, with the following details. 

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 cannot 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)

With alternative (a), each CSI-RS resource set is configured with repetition “ON” and uniquely corresponds to one Tx beam. Rx beam sweeping is conducted within each CSI-RS resource set. UE compares the highest RSRP of each CSI-RS resource set and reports the CSI-RS resource set with the highest RSRP. Note that the number of CSI-RS resources per CSI-RS resource set is not required to be equivalent (which is up to gNB configuration). It is up to UE to determine the actual number of Rx beams and their weights applied on different CSI-RS resources within a particular CSI-RS resource set. The optimal Rx beam corresponding to each candidate Tx beam is stored at the UE’s memory and can be read during the course of DL beam indication. 
On the FFS issue whether set ID are local within a resource setting or global across all resource setting, local within a resource setting is preferred. When multiple resource settings are configured, they may be used in different beam training incidents, for which the UE may have established different Tx/Rx beam measurement result tables. To uniquely point to a specific beam measurement incident, local set ID is needed.

Since CSI-RS resources in the same CSI-RS resource set corresponds to different Rx beam measurement opportunities for the same Tx beam, they should have the same CSI-RS ID. The same CSI-RS ID will be used in the TCI signal (for future PDSCH beam indication). When UE receives TCI and the associated CSI-RS ID, it can find the optimal Rx beam from its memory. Therefore CSI-RS ID and CSI-RS resource set ID serve the same purpose, and CRI can point to a CSI-RS.
With alternative (b), each CSI-RS resource set is configured with repetition “OFF”. Tx beam sweeping is conducted within each CSI-RS resource set. Rx beam should be fixed on each CSI-RS resource set, and vary across different CSI-RS resource sets. In the last meeting the reported content has been restricted to be the local CSI-RS resource index. Implicitly, UE can only identify the optimal Rx beam (by comparing the RSRP of the same RS resource in different CSI-RS resources) if the same set of Tx beams area applied to CSI-RS resources in each set in exactly the same order. 
Both alternatives achieve the same purpose technically; however alternative (b) imposes more restriction, e.g. the number of CSI-RS per resource set, and the order to apply Tx beam at the gNB side. Therefore our preference is alt-(a) due to its operational flexibility.
Proposal: Adopt alternative (a), where all sets are configured with repetition= “ON”, and CRI points to a CSI-RS resource in a CSI-RS resource set. The UE is not expected to receive a CSI-RS resource set configuration where all CSI-RS resources have different IDs.
2.2. Beam indication

Explicit beam indication was agreed in RAN1#90bis in Prague. The determination of DL Tx beam (e.g. QCLed RS resources) are agreed as following. 
Agreement:

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

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

· 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  where no spatial QCL parameters are higher layer configured
· 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
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)

2.2.1 TCI not present
NR has an end-to-end scheduling delay requirement, so it is desirable that PDSCH can immediately follow PDCCH. When TCI is not present, DL beam of PDSCH can be inferred by one of the following:

· Alt. 1:  
Higher layer configured QCL assumption 

· Alt. 2.  
Same QCL as the scheduling PDCCH 

· Alt. 3:  
Same QCL as the previous PDSCH 

Alt-1 uses a higher-layer configured configured QCL assumption for PDSCH (RRC or RRC+MAC-CE). 
· Time gap:

No gap between PDCCH and PDSCH is needed. 
· Beamforming flexibility: 
Beamforming is semi-static (e.g. by MAC-CE). This may be less flexible than slot-based dynamic beamforming; however the performance difference may be small.
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Figure 1: No gap between PDCCH and PDSCH
Alt-2 uses the same beam for PDCCH and PDSCH.

· Time gap: 
 
Since the PDCCH may be transmitted in any of the CORESETs, UE does not know the PDCCH beam, until after PDCCH blind decoding is finished. Hence a gap between PDCCH/PDSCH still exists (e.g. Figure 2). 

· Beamforming flexibility: 

· To support dynamic beamforming, multiple CORESETS with different QCL need to be configured. A gap exists between PDCCH/PDSCH.

· To support semi-static beamforming, a single CORESET, or multiple CORESETS with the same QCL can be configured. No gap exists between PDCCH/PDSCH.
In brief, alt-2 support dynamic beamforming with some scheduling delay, or semi-static beamforming without scheduling delay. A price needs to be paid, either in terms of beamforming flexibility or scheduling delay.
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Figure 2: Gap between PDCCH and PDSCH (if PDSCH follows PDCCH beam)
Alt.3 assumes the same beam as the previous PDSCH (for which a TCI is present in its scheduling PDCCH). 

· Time gap:
As the UE needs to finish decoding the latest PDCCH that carries a TCI, a gap is needed between PDCCH and PDSCH if the PDSCH comes very close to its previous PDSCH. Hence gNB either has to suffer some scheduling delay, or some scheduling restriction since PDSCH cannot be transmitted in consecutive slots. 
· Beamforming flexibility: Limited beamforming flexibility as it needs to use a previous beam.
We have concern on alt-3 as a gNB vendor. One of the more severe issues of this proposal is error propagation when gNB/UE has different understanding as to the time location of the “latest PDSCH”. When the UE fails to decode a previous PDCCH that carries an explicitly signalled TCI, UE will have to look further back in the time domain for an even earlier PDCCH, resulting a complete misalignment between gNB/UE. Misalignment between the scheduled MCS (determined by gNB) and actual SNR (seen by UE) will lead to performance degradation. This error will accumulate over the time, unless there is a mechanism for the gNB to frequently “reset” the TCI for precaution even though the gNB has no idea if any error has happened at the UE. Due to degraded system efficiency we do not prefer this approach.
Summary
· Alt.1 supports semi-static PDSCH beamforming and dynamic PDCCH beamforming, without gap between PDCCH/PDSCH.

· Alt.2 supports 

· Semi-static PDSCH beamforming and PDCCH beamforming, if a gap between PDCCH/PDSCH is not accepted; or 
· Dynamic beamforming for both PDCCH and PDSCH, if a gap between PDCCH/PDSCH is accepted.
Our proposal is to support alt-1. In the next section we note that alt.2 has its own merit (against the “TCI-present” mode) and can be supported in NR as well.
Proposal: Support higher-layer configured QCL assumption (explicitly configured TCI state), when TCI is not present in DCI.
2.2.2 TCI present

When TCI is present, a gap between PDCCH and PDSCH is needed to accommodate the PDCCH decoding latency. The absolute gap depends on UE processing speed, not on numerology. Evidently it adds to the end-to-end scheduling delay of NR.
Since dynamic beamforming is the main purpose for TCI signalling, it serves similar purpose as alt-2 of the “TCI-absent” mode (where PDSCH follows PDCCH beam). In comparison their pros/cons are tabularised below.
Table 1:
	TCI configuration
	Analysis

	TCI-present 
	· Pros:   Flexible beamforming (PDSCH beam can be different than PDCCH)
· Cons:  Large gap between PDCCH/PDSCH; higher DCI overhead.



	TCI-absent (alt.2)
	· Pros:   Lower DCI overhead;

· Cons:  Large gap between PDCCH/PDSCH; less flexible beamforming than TCI-present mode



Proposal: Support dynamic QCL signaling for PDSCH,  using one of the following:
· Alt-1: TCI present in DL-related DCI

· Alt-2: TCI absent in DL-related DCI, and PDSCH follows PDCCH beam.
2.2.3 Value of M and N

One outstanding issue is whether M >= 2^N, or M = 2^N. M denotes the total number of TCI candidate states RRC-configured for spatial QCL indication for the UE (for all signals including PDCCH/PDSCH/A-CSI-RS). From the M candidate states, up to N TCI states can be used for PDSCH in the DL-related DCI. 
Irrespective which scheme is chosen, our view is that NR should allow gNB vendor to use different beams on PDCCH and PDSCH, due to the following reasons. 

· PDSCH has as many as 32 MCS levels, very fine link adaptation granularity, HARQ retransmission, and is intended to gauge SNR boosting for capacity maximization. Hence PDSCH beams can be narrow beams.

· PDCCH supports QPSK, a limited number of aggregation levels, no HARQ retransmission, and is intended to ensure sufficient reliability and cell coverage. Hence PDCCH beams are often wide beams.
Of course a gNB can always choose to use the same beam for PDCCH and PDSCH, if so desired; however NR should allow the possibility to use different beams as well. 

Observation: NR should allow gNB implementation that uses different beam widths for PDCCH and PDSCH.
The decision between M>2^N and M = 2^N therefore impact gNB beamforming flexibility (for all signals of the UE, not limited to PDSCH). If the value of N is small (e.g. 2-bits), M>2^N is desirable so that the gNB can use wider beams for PDCCH. If the value of N is larger (e.g. 3-bits), it may be possible to accept M = 2^N.
Proposal: Adopt M = 2^N if N is 3-bits. Otherwise adopt M > 2^N if N = 2 bits.
3. UL beam management

The following agreements have been made on UL beam management in previous meetings. 
Agreements:

· Confirm the WA from RAN1 AH1701 with the following update:

· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 

Agreements:
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI
· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI
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.
3.1. Type of source RS

SRS and CSI-RS can be used as the reference RS for spatial QCL provision. SRS applies to the case with or without DL/UL beam correspondence. UE transmits a set of SRS resources with different Tx beams, based on which the gNB selects and indicates a preferred UL Tx beam (through SRI signaling) to the UE. CSI-RS applies to the case with DL/UL beam correspondence. The gNB sends one or multiple CSI-RS resources to the UE, and instructs the UE to use the DL Rx beam for one of the CSI-RS resources (identified by SRI) as the UL Tx beam. Using a unified framework, SRI indicator from gNB to UE can point to either a SRS resource, or a CSI-RS resource. 

In addition to SRS and CSI-RS, PRACH should be supported as one type of source RS, including RACH in initial access or PRACH triggered by PDCCH-order. For instance the coarse PRACH beam in initial access can be used as a reference uplink beam for other uplink signals, e.g. upon RRC configuration and before any actual SRS transmission.
Proposal: 
 Support PRACH as an additional source RS, in addition to SRS and CSI-RS. FFS the type of target RS that can use PRACH as spatial QCL reference.
3.2. Spatial QCL signaling 
3.2.1 PUSCH and PRACH
For uplink signals that are triggered by UL-related grant (PUSCH and PRACH), UL beam indication can use a mechanism similar to the TCI framework for DL beam indication in order to achieve greater synergy and specification simplicity. In general: 
· A set of M higher layer candidate TCI states are configured 

· Each TCI state is associated with a source RS that the UE can use to derive spatial QCL reference. The associated source RS at least include P/SP SRS, CSI-RS, and PRACH.
· A set of N TCI states is dynamically signalled to the UE, for any dynamically triggered signal (PUSCH, HARQ-ACK on PUCCH, and PRACH)
· FFS the value of M and N. 
Proposal: UL beam indication for PUSCH/PUCCH (HARQ-ACK)/PRACH can follow a similar framework of DL beam indication for PDSCH, where spatial QCL assumption is dynamically provided by the L1-triggeirng, from a semi-statically configured set of RS resources. 
3.2.2 PUCCH 

Short/long PUCCH in NR supports CSI, HARQ-ACK and SR. 
For P/SP transmission on PUCCH (e.g. CSI) that is not dynamically triggered, UL beam for PUCCH can be inferred from a P/SP source RS that is RRC configured to be associated with the target RS. The P/SP source RS can be SRS or CSI-RS.
For AP transmission on PUCCH that is dynamically triggered (e.g. HARQ-ACK, A-CSI), the following options are possible:

· Option 1: Spatial QCLed RS is explicitly indicated in the L1 signal that triggers the PUCCH, e.g. DL grant for PDSCH, or DL/UL grant for A-CSI. 
· Option 2: UL beam for PUCCH is implicitly indicated. E.g. UE may use the same Rx beam for PDCCH as the UL Tx beam. Note a gap may be needed between PDCCH and the associated PUCCH to accommodate PDCCH decoding latency.
· Option 3: UE assumes a semi-statically configured spatial QCL assumption. 

Proposal: 
· For P/SP CSI/beam reporting on PUCCH, spatial QCL assumption is derived from a RRC associated source RS (e.g. SRS, CSI-RS, SSB).

· For AP signal on PUCCH (HARQ-ACK and A-CSI/beam reporting), spatial QCL is derived from the L1 signal triggering the AP transmission on PUCCH (explicitly or implicitly).

3.2.3  SRS

Both periodic and aperiodic SRS are supported in NR. It has been agreed that 

· P/SP/AP SRS resource can be spatial QCL with SSB/CSI-RS and P-SRS, through RRC or RRC+MAC-CE. 
· AP-SRS can be to be QCL with AP-SRS, through RRC/MAC-CE based configuration and L1-based indication.

· FFS: spatial QCL of P/SP-SRS based on AP-SRS and AP-CSI-RS.
We feel there are some potential benefits of using AP-SRS / AP-CSI-RS to provide spatial QCL reference to P/SP-SRS. One possible use case is where the target S/PS SRS is for CSI acquisition and the source AP-SRS /CSI-RS is for analog beam indication. 
In particular, each P/SP SRS can be RRC configured to be associated to an AP SRS/CSI-RS as its source RS for spatial QCL. A fixed timing relationship is defined between the instance of AP-SRS/AP-CSI-RS transmission (or their triggering) and the instance where the spatial QCL of the associated P/SP-SRS is updated.  
Proposal: Support spatial QCL of P/SP-SRS based on AP-SRS/AP-CSI-RS. 
3.2.4 SRI for analog and digital beamforming.

Both analog and digital beamforming are supported in NR. When both digital and analog beamforming are used, how to signal the SRI for analog beamforming and SRI for digital beamforming needs to be discussed. 
Alt-1:  Separate SRI indication for analog and digital beam. In the first step, K SRS resources are transmitted for analog beam sweeping, preferably with a small number of SRS ports per resource (e.g. 1). gNB identify an UL analog beam by selecting a preferable SRI1. SRI1 is signalled to the UE. In the second step, one or multiple (L) SRS resources are transmitted for uplink CSI acquisition (digital beamforming). The analog beam for the SRS for CSI acquisition is indicated by SRI2. SRS in the second step may have a large number of SRS ports (e.g. 4 or 8). gNB selects and indicates SRI2 to the UE (along with TRI/TPMI/CQI).
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Figure 3: SRI indication
Alt-2:  Joint analog and digital beam sweeping. A total of K1K2 SRS resources are configured, from which the TRP selects the joint analog/digital beam. A single SRI indication in one UL grant suffices. This reduces the beam sweeping delay, but SRS overhead is larger 
Both alternatives have valid use cases and may be considered. Note that for Alt-1, it is possible that different SRS resources in the second step may be indicated with different analog beams from step 1, hence the UL grant may comprise one or more SRI indicators. 

Proposal:

· Consider separate analog/digital beam sweeping with two stage SRI indication, and joint analog/digital beam sweeping with one stage SRI indication.

· An UL grant may comprise multiple SRI indicators. 
3.2.5 SRI for multi-panel uplink transmission 

For a UE equipped with multiple uplink antenna panels, each panel can be configured with a SRS resource. Similar to the DL multi-TRP/multi-panel discussion, different PUSCH layers/codewords can be transmitted from different panels, using different beams. When different layers of a PUSCH are transmitted from different panels, it is necessary to associate the PUSCH layer (or DMRS ports) with its associated SRI, so that the UE can determine the uplink beam for each layer. 
Proposal: 
For PUSCH, each state of the SRI indicator may points to one or multiple previously transmitted RS (e.g. SRS or PRACH). Mapping between the RS resource(s) and PUSCH layers need to be defined. 
4. Conclusions

This contribution summarizes our views on the remaining issues of DL/UL beam management listed below. 
DL beam measurement and reporting
· Proposal:  Introduce Nmax = 1 as one UE capability. 

· Proposal: 

a. Support semi-statically configured N,  for periodic/semi-static/aperiodic reporting
b. Support dynamically changing N controlled by gNB, for aperiodic beam reporting.
· Proposal: Support N = {1,2,3,4} on PUSCH and long PUCCH, and N = {1,2} for short PUCCH.
· Proposal: Aperiodic beam reporting on short PUCCH is to follow the conclusion of A-CSI on short PUCCH.
· Proposal: Differential reporting is not supported on PUSCH and long-PUCCH.

DL beam indication
· Proposal: Adopt alternative (a), where all sets are configured with repetition= “ON”, and CRI points to a CSI-RS resource in a CSI-RS resource set. The UE is not expected to receive a CSI-RS resource set configuration where all CSI-RS resources have different IDs.
· Proposal: Support higher-layer configured QCL assumption (explicitly configured TCI state), when TCI is not present in DCI.
· Proposal: Support dynamic QCL signaling for PDSCH,  using one of the following:
· Alt-1: TCI present in DL-related DCI

· Alt-2: TCI absent in DL-related DCI, and PDSCH follows PDCCH beam.
· Proposal: Adopt M = 2^N if N is 3-bits. Otherwise adopt M > 2^N if N = 2 bits.
UL beam management

· Proposal:  Support PRACH as an additional source RS, in addition to SRS and CSI-RS. FFS the type of target RS that can use PRACH as spatial QCL reference.
· Proposal: UL beam indication for PUSCH/PUCCH (HARQ-ACK)/PRACH can follow a similar framework of DL beam indication for PDSCH, where spatial QCL assumption is dynamically provided by the L1-triggeirng, from a semi-statically configured set of RS resources. 
· Proposal: 
· For P/SP CSI/beam reporting on PUCCH, spatial QCL assumption is derived from a RRC associated source RS (e.g. SRS, CSI-RS, SSB).

· For AP signal on PUCCH (HARQ-ACK and A-CSI/beam reporting), spatial QCL is derived from the L1 signal triggering the AP transmission on PUCCH (explicitly or implicitly).

· Proposal: Support spatial QCL of P/SP-SRS based on AP-SRS/AP-CSI-RS. 
· Proposal:

· Consider separate analog/digital beam sweeping with two stage SRI indication, and joint analog/digital beam sweeping with one stage SRI indication.

· An UL grant may comprise multiple SRI indicators. 
· Proposal: For PUSCH, each state of the SRI indicator may points to one or multiple previously transmitted RS (e.g. SRS or PRACH). Mapping between the RS resource(s) and PUSCH layers need to be defined. 
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