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1 Introduction

In RAN1 NR #88bis, #89, #90, #90bis and #91, the following has been agreed as a progress of uplink (UL) beam management as well [1]

 REF _Ref485329042 \n \h 
[2][4][6]

 REF _Ref503486571 \n \h 
[7]:

Agreements:

· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence

· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping

· E.g., derived from beam-specific power control signalling and maximum transmit power

· FFS: spec. impact 

Agreements:

· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management

· FFS transmit power for the N SRS resources for UL beam management  

Agreements:

· Support UE to provide information to gNB to assist UL beam management

· The information can be a number representing the amount of SRS resources required for UE Tx beam training

· FFS the supported number(s), taking into account performance and implementation complexity aspects

· Note: these set of SRS resources are associated with a set of Tx beams

· FFS: signaling method

· E.g., capability signaling, or msg3, or dynamic signalling

· FFS: impact of multi-panel 

· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact

Agreement:

· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.

· NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.

· After receiving the SRS, NR supports gNB to update the SRS resource within the SRS resource set for beam management by RRC

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.

In this contribution, we discuss on the remaining open issues for DL and UL beam management.
2 Remaining Issues
2.1 DL Beam Management
2.1.1 Beam Indication

It has been agreed that 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. Once the list of TCI states is configured to a UE, the spatial QCL reference/assumption in a TCI state or multiple TCI states may need to be updated from time to time, for reasons such as UE movement/rotations, UE switching of active bandwidth part/CC. It has been agreed that at least the explicit approach for the update of spatial QCL reference in a TCI state is supported. In a typical explicit update, upon receiving beam measurement reporting from a UE, network initiates and decides if an explicit update is needed (e.g., what subset (or all) RS index(es) in measurement reporting should be associated with which TCI state(s).). Then network may signal the TCI(s) and the associated DL RS index(es) to the UE for QCL reference updates in corresponding TCI state(s). As an alternative of the explicit update, a UE-initiated spatial QCL reference/assumption update in a TCI state can also be supported. For example, when a UE experiences quick degradation of serving beam quality (e.g., lower L1-RSRP, lower SNR), the UE can initiate to send a specific update request to the network, or directly send updated results of beam measurement reporting beyond the network configured/triggered beam measurement reporting. Upon receiving the request or updated measurement reporting, the network may be triggered to decide and update the QCL reference/assumption in TCI state(s) at the UE.

Proposal 1: Support a UE initiated update of QCL reference in a TCI state.

It was agreed that NR supports QCL assumptions across carriers [3]. If two component carriers have similar received power distribution in the spatial domain (e.g., two frequencies are sufficiently close), beam management results (e.g., beam measurement and reporting) in one component carrier may be reused in another component carrier, which may lead to a significant overhead reduction. Since it was already agreed that a UE may be RRC configured with a list of Transmission Configuration Indication (TCI) states for the purposes of QCL indication [5], the configured TCI state table may be further extended to include a spatial QCL relationship among different component carriers. For example, whether RSs in a RS set of a TCI state may have similar beam qualities or not. By including such QCL information, part or all information of one TCL state table maintained for one component carrier may be reused for another component carrier. This will reduce the overhead of using multiple TCI state tables for multiple component carriers, and so relief the scalability issue if a UE is configured with multiple component carriers.

Proposal 2: TCI state tables should include the information of QCL assumptions across carriers.
In RAN #90Bis and #91, timing issue of beam indication for NR-PDSCH was discussed and agreed. It was agreed that if the scheduling offset < threshold K, the PDSCH uses QCL assumption that is based on a default TCI state (e.g. the first state of the 2^N states used for PDSCH QCL indication).

In general, the threshold value K could be an estimated time duration for UE performing TCI decoding, RF tuning and beam switching if a new RX beam is needed. The time length expressed by the threshold value K may depend on one or more factors such as UE capabilities (e.g., UE processing time for DCI reception and decoding, beam switching, etc.), numerology (e.g., larger subcarrier spacing requires a larger K value due to shorter symbol length), UE service type (e.g., URLLC may require smaller value of K for low latency requirement, etc.). Therefore, the threshold value K may be determined as a function of UE capability, operating subcarrier spacing, service type, etc.
Proposal 3: K value is determined as a function of UE capability, subcarrier spacing, service type, etc.
2.2 UL Beam Management
2.2.1 UE-assisted SRS configuration for UL beam sweeping
A UE may determine its Tx beam based on the determined Rx beam from downlink beam management procedures, therefore uplink beam management procedures may not be required when perfect beam correspondence is fulfilled at both the TRP and the UE sides. When the perfect beam correspondence does not hold at either TRP or UE side, UL beam management is need.
A Tx beam determined by UE based on beam correspondence may not be always the best Tx beam from the gNB perspective due to many reasons, e.g., hardware limitation such as UE transmit and receive array patterns difference due to beam control errors, and/or asymmetric interference between uplink and downlink. In this case, perfect or full UE beam correspondence does not hold, and UL beam management may be used to find the best UL Tx beam to override the UE autonomous Tx beam determination based on full beam correspondence to handle the system performance degradation.

In the case of imperfect UE beam correspondence, full beam sweeping may be used to identify the best UL Tx beam from all or most of UE Tx beams as shown in Figure 1. Full beam sweeping may be desired when no beam correspondence holds at UE side at all. However, always using full beam sweeping may not be efficient for UL beam management since full beam sweeping requires the larger amount of SRS resources to train all UE Tx beams which also leads to high latency and high power consumption. Therefore, using full beam sweeping to find alternative beam which overrides UE determined beam doesn’t seem to be desirable.
In addition, when a UE has a partial beam correspondence (e.g., a UE knows the best subset of Tx beams based on the Rx beam determined), a local beam sweeping may be used to identify the best UL Tx beam within the best subset of beams as shown in Figure 1, which are swept around the UE autonomous UL Tx beam determined based on DL Rx beam from DL beam management such as P1 or P3. 
The local beam sweeping may require smaller amount of SRS resources to train several neighbour beams, but it may be sufficient for UL beam management procedures. 
Proposal 4: A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 
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Figure 1 Full beam sweeping and local beam sweeping 
It was agreed that UE provides information to gNB to assist UL beam management [4]. The information can be a number representing the amount of SRS resources required for UE Tx beam training. To reduce the amount of SRS resources, beam sweeping latency, and power consumption, a UE can provide assist information to a gNB to facilitate TRP SRS configuration for local or full beam sweeping. A UE may signal its beamforming capability such as the number of Tx beams to help gNB or TRP to determine the amount of SRS resources to be configured for each UE. A UE can request either local or full beam sweeping to TRP. One or more SRS resources can be used and each SRS resource may be associated with a beam. 

For example, if a UE may have a capability of N Tx beams, the UE can request N SRS resources for beam sweeping. A UE can request a preferred number of SRS resources to assist a gNB so that the gNB can decide which type of beam sweeping for UL transmission is used. For example, a UE can request zero, small or large amount of SRS resources to recommend no beam sweeping, local beam sweeping, and full beam sweeping which implicitly indicates full beam correspondence, partial beam correspondence, and no beam correspondence at UE, respectively. 

Proposal 5: Supports that a UE provides beam correspondence status and beam sweeping type based on the requested amount of SRS resources to gNB. 

2.2.2 SRS transmission power for UL beam management

It was agreed that NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management. In order to have a fair comparison between candidate beams, the same transmit power on SRS resources within a SRS resource set during one round of beam sweeping should be configured as the minimum value between the maximum transmit power that the UE can afford and a SRS beam sweeping power setting value. 
The SRS beam sweeping power setting value may be configured by RRC or provided with a trigger or request to perform aperiodic SRS transmissions for beam sweeping in a DCI. However, the pre-defined and configured SRS beam sweeping power setting value may not meet the link budget requirement if its transmission power is too low, or potentially increase an interference if its transmission power is too high (e.g., maximum power). To address this issue, since NR supports beam specific power control, the SRS beam sweeping power setting value can be derived from a beam-specific power control signalling for other channels such as PUSCH. 

Proposal 6: Support SRS transmission power for UL BM is derived from beam-specific power control signaling.

To derive proper common power control parameters for SRS beam sweeping, one or more beam specific power control parameters could be combined into beam-common parameters, so that SRS transmission power is the same during one round of beam sweeping. For example, since beam-specific PL was supported for UL power control, a single PL value may be derived by combining all beam-specific PL values of multiple BPLs within one round of SRS beam sweeping. Multiple BPLs can be all or a subset of the BPLs within one round of beam sweeping. The combination method could be simple averaging or weighted averaging within one-time instance (i.e., one slot or one round of beam sweeping) expressed as 
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 where k is the BPL index, N may be the number of BPLs that are used to transmit SRS within one round of beam sweeping (i.e., the ith slot). wk is the weight factor accounting for the contribution from each individual beam-specific PL values of N BPLs to the combined single PL for SRS beam sweeping. For simplicity, wk could be equal to 1/N. 
Proposal 7: Support a single PL value is derived by combining all beam-specific PL values of multiple BPLs within one round of SRS beam sweeping.
It has been agreed that a PL calculation for UL power control is based on DL reference signals [2]. The PL measurement of a DL reference signal which is transmitted in a different carrier frequency from the UL carrier frequency may cause a significant PL mismatch. Therefore, a proper PL offset/adjustment may need to be used to compensate the mismatch. For example, a group of PL offset/adjustment values and its associated thresholds can be used. Based on DL/UL carrier frequency difference of UE and its associated thresholds, an appropriate PL offset/adjustment can be selected and used to compensate the mismatch between DL and UL PLs for SRS beam sweeping power setting. The threshold values can be based on a UE speed, a differential value or an absolute value of UE UL carrier frequency and DL carrier frequency. A path-loss offset/adjustment value is used if the carrier frequency difference between UL and DL is above the threshold value.

Proposal 8: Support PL offset/adjustment to compensate the mismatch between DL and UL PL for SRS beam sweeping power setting.

2.2.3 UL Beam indication
Since the TCI framework for DL beam indication is agreed, it may be simpler to reuse for UL beam indication to reduce the standard efforts. For example, when a beam correspondence holds, the DL RS (CSI-RS and/or SSB) already contained in the RS set of a signaled TCI state can be directly used by UE, which means that UE can adjust its spatial Tx configuration to the spatial Rx configuration with the DL RS. When a beam correspondence does not hold, the RS set of an associated TCI state may include UL RS(s) (e.g., PRACH preamble, SRS) index. In this way, Each TCI state is the candidate of reference RS (DL RS or UL RS) which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH) for UL transmissions.
Proposal 9: Support to reuse TCI framework for UL beam indication, and that each TCI state is the candidate of reference RS (DL RS or UL RS) which is spatially QCL-ed with targeted RS (e.g. DM-RS of PUSCH) for UL transmissions.
3 Conclusions

In this contribution, we discuss on the open issues for DL beam management including beam measurement, reporting and indication and for UL beam management including UE-assisted SRS configuration and SRS transmission power for UL beam sweeping. Based on the discussion, we have the following proposals:
Proposal 1: Support a UE initiated update of QCL reference in a TCI state.

Proposal 2: TCI state tables should include the information of QCL assumptions across carriers.
Proposal 3: K value is determined as a function of UE capability, subcarrier spacing, service type, etc.
Proposal 4: A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 

Proposal 5: Supports that a UE provides beam correspondence status and beam sweeping type based on the requested amount of SRS resources to gNB. 

Proposal 6: Support SRS transmission power for UL BM is derived from beam-specific power control signaling.

Proposal 7: Support a single PL value is derived by combining all beam-specific PL values of multiple BPLs within one round of SRS beam sweeping.

Proposal 8: Support PL offset/adjustment to compensate the mismatch between DL and UL PL for SRS beam sweeping power setting.

Proposal 9: Support to reuse TCI framework for UL beam indication, and that each TCI state is the candidate of reference RS (DL RS or UL RS) which is spatially QCL-ed with targeted RS (e.g. DM-RS of PUSCH) for UL transmissions.
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