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1. Introduction
The Rel.16 MIMO enhancement work item has the following scope.
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
The following conclusions were reached in RAN1#94bis after brief discussion. 
For next meeting:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH

· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.

· FFS on relation to TPMI/TRI fields, PC/TA mechanisms

· Companies to consider specification implications of multiple UL Tx panel/beam support

Agreement

· L1-SINR is supported. L1-RSRQ is not supported.

· Companies to study and provide definition of L1-SINR

· Study the reporting content, e.g.

· Whether CRI/SSBRI is reported

· Whether differential group/non-group reporting is applied

· Whether L1-RSRP is reported

· Study the interference measurement mechanism

In this contribution we provide our views on Rel.16 multi-beam enhancements. 
2. Rel.15 UL beam management

2.1. Overview

A UE can be configured with multiple SRS resource sets. 

· SRS configuration

· Each SRS resource set can be configured with higher-layer parameter usage that takes values from {“BeamManagement”, “codebook’, ‘noncodebook’, ‘antennaSwitching’}. 
· A UE can be configured with at most 1 SRS resource set with higher-layer parameter usage configured as ‘codebook’ or ‘nonCodebook’ (i.e. for CSI acquisition), and 1 or more SRS resource sets with usage configured as “BeamManagement”. An SRS resource set configured as “codebook” may have up to 2 multi-port SRS resources, and a SRS resource set configured as “nonCodebook” may have up to 4 single-port SRS resources.
· Each SRS resource can be optionally configured with a higher-layer parameter “SpatialRelationInfo” that points to another source RS resource, which can be SRS, CSI-RS or SSB. UE shall use the same DL/UL spatial filter for receiving/transmitting the source RS in “SpatialRelationInfo” for the transmission of the target SRS. 
· Aperiodic SRS can be triggered by a 2-bit triggering field in UL/DL grant, where the 4 codepoints are configured in Table I. Each state can trigger multiple sets of SRS resource sets, on a per CC basic. 
Table I: 2-bit SRS request
	Value of SRS request field
	Triggered aperiodic SRS resource set(s)

	00
	No aperiodic SRS resource set triggered

	01
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 1

	10
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 2

	11
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 3


· PUSCH beam management

· An SRI in UL grant points to SRS resources in the SRS resource set for CSI acquisition, and UE uses the same UL beam of the SRS resources indexed by “SRI” for PUSCH beamforming.  For codebook-based MIMO, the SRI points to one SRS resource in the SRS resource set configured as “codebook”. For non-codebook-based MIMO, SRI can point to multiple SRS resources in the SRS resource set, with a one-to-one mapping between PUSCH layers and selected SRS resources. 
· SRS beam management:
· If the target SRS is configured with “SpatialRelationInfo”, UE uses the same DL/UL beam of the RS indexed by “SpatialRelationInfo” for transmitting the SRS.

· If the target SRS is not configured with “SpatialRelationInfo”, beam selection is up to UE implementation.
· SRS can also be configured with associatedCSI-RS which UE uses for deriving UL beam by UL/DL reciprocity. 
2.2. Issues

Rel.15 provides a functional, yet rudimentary, design for UL beamforming. For CB-MIMO, dynamic beam adaptation is limited to two beams (e.g. 2 SRS resources the SRS resource set for CSI acquisition, each configured with a different “SpatialRelationInfo”), where the set of two beams is RRC configured. 
· To switch to another set of two UL beams, an RRC reconfiguration is needed. This leads to RRC reconfiguration delay. 
· Rel.15 supports up to 8 beam switching dynamically in the DL. Hence, beamforming flexibility in the DL/UL is unbalanced. 

· Only 3-triggering states are supported for SRS by the 2-bit triggering field. The flexibility of dynamic SRS triggering (for both beam management and CSI acquisition) is quite limited. Specifically, the 3 SRS triggering states need to support SRS_BM triggering only, SRS_CSI triggering only, and SRS_BM + SRS_CSI triggering. This is barely sufficient. 
Observation:

· Rel.15 UL BM (codebook-based) is limited to 2 beams. Switching to another set of 2 beams requires RRC reconfiguration, causing delay and inefficiency. 
· SRS flexibility is limited by 2-bit SRS triggering.
3. UL Beam management with flexibility/delay enhancement

3.1. Enhancement on SRS configuration and indication 
Supporting up to 8 beam in the UL is desirable. This can be done by increasing the SRI bitwidth to 3 bits. This requires a SRS resource set (for CSI acquisition) to include 8 SRS resources. Each SRS resource can be associated with a different “SpatialRelationInfo” which are RRC configured, or activated/deactivated by MAC-CE. The latter would bring UL beamforming functionally on par with DL. 
Observation
· It is possible to increase SRI to 3bits, where each SRS transmission comprises up to 8 SRS resources.
The above solution however has very high SRS overhead, as each SRS transmission would have to include 8 SRS resources. Given that the SRS resource for CSI have multiple ports (e.g.2/4), a total overhead of 4*8 = 32 SRS ports can be excessive. To reduce the overhead, it is possible to increase the number of SRS resource sets (for CSI acquisition) to M>1, where each SRS resource set consists of up to N>1 SRS resource. For instance, with [M, N] = [4, 2], a DCI triggers one out of the M SRS resource sets, where each SRS transmission has only two SRS resources, thereby retaining the same overhead as Rel.15. The SRI bitfield remains at log​2(N) = 1 bit, indicating a SRS resource in the latest SRS resource set. This achieves up to 8 Tx beam switching. An example is illustrated in Figure 1. 
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Fig .1: UL beam management with multiple SRS resource sets
Observation: 

· Configuring multiple SRS resource sets and triggering one set at a time can improve beamforming flexibility while maintaining low SRS overhead. 
Since the number of SRS resource sets is increased to M>1, A-SRS triggering needs to be more flexible. The triggering bitwidth is preferably increased to at least 3-4 bits.

Proposal: 

· A UE is configured with M>=1 aperiodic SRS resource sets, or 1 periodic SRS resource set for CSI acquisition.

· Different resource sets have the same time-domain property (e.g. aperiodic, or periodic)

· Each SRS resource set consists of up to N = 2 SRS resources (same as Rel.15). 

· “SpatialRelationInfo” for each SRS in the SRS resource sets is RRC configured, or activated/deactivated by MAC-CE.

· 1-bit SRI points to a SRS resource in the latest SRS resource set.
· At most one of the M SRS resource sets is triggered at a time (per CC).
· SRS resource triggering field is increased, e.g. 4-bit. 

· Each codepoint is RRC configured to be associated with a set of A-SRS resource sets.
3.2. PRACH for fast beam management 
A RRC connected UE is configured with SRS for beam management. After UE acquires the RRC parameters for SRS, UE needs to first transmit/receive the SRS/CSI-RS/SSB in “SpatialRelationInfo” to complete an initial round of beam training, before PUSCH can be transmitted. This results in extra delay. 

PRACH beam is used for Msg3 transmission. In Rel.15, after UE enters RRC connection, PRACH beam is never used again. Our view is that the PRACH/Msg3 beam can still be valid even after UE enters RRC connection and can be used as PUSCH beam reference, especially before UE has completed any initial beam training with SRS/CSI-RS/SSB. This allows faster data transmission. 
Proposal: 

· Consider allowing PRACH from initial access as a source of UL Tx beam for PUSCH, at least in the early stage after RRC connection. 
4. Multi-panel operation that enables per-panel beam selection
4.1. Single-panel selection (Rel.15)
Two important types of SRS resources are supported in Rel.15, for beam management and CSI acquisition respectively. Panel selection can be based on SRS for beam management, or both SRS for beam management and for CSI acquisition. Which option to choose is up to gNB. 
Observation: 

· Panel selection can be based on SRS for beam management, or both SRS for beam management and CSI. 

The first option is used as an examples to illustrate beam/panel selection.  

For UE capable of UL/DL beam correspondence, a set of CSI-RS/SSB can be configured as the SpatialRelationInfo source. Note the reception of CSI-RS/SSB can be on a per-panel basis, where each UE Rx panel derives its UL Tx beam independently. Hence, per-panel beam selection is already supported in Rel.15 for UL/DL beam-correspondence-capable UE. 

For Rel.15 UE not capable of beam correspondence, gNB may configure up to 8 SRS resource sets with usage configured as “BeamManagement”. Each SRS resource set may comprise up to 16 SRS resources. Different SRS in the same SRS resource set cannot be transmitted simultaneously, while SRS in different SRS resource sets may be transmitted simultaneously. Through UE implementation, each SRS resource set can be assigned to a specific panel, where different SRS resources in the SRS resource sets support Tx beam sweeping across up to 16 Tx beams. Again, this allows per-panel beam selection using Rel.15 mechanism. 
	2-30
	Uplink beam management
	1 Support of SRS based beam management 

2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).

3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).


	Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}
	[Mandatory/Optional] with capability signaling 

Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}


The number of SRS resource sets and resources per set, is a UE capability and known to gNB. It is up to gNB to configure whether SRS resources of different panels are transmitted simultaneously or otherwise, based on gNB’s scheduling need. For instance, if SRS of different panels are transmitted in different time resources, U2 procedure (e.g. Rx beam sweeping) is conducted per UL panel, where optimal Rx beam corresponding to each Tx panel/beam is selected under single-panel transmission hypothesis. Alternatively, if SRS of different panels are scheduled to transmit at the same time, U2 is conducted for all panels simultaneously, under multi-panel joint transmission hypothesis. This is up to gNB scheduler implementation and doesn’t need any UE involvement. The mapping between configured SRS resource and UE panels is up to UE implementation, but this is transparent to gNB. 
Observation:

· Mapping between SRS resource and UE panel is transparent to gNB, while selection of panel is implicitly done via SRS selection. 
After gNB performs beam/panel selection, the selected SRS are indicated to UE via configuration of SpatialRelationInfo. In particular, in the SRS resource for CSI acquisition (e.g. “codebook” or “noncodebook”), SpatialRelationInfo is independently and optionally configured, on a per-resource basis. For codebook-based, if “SpatialRelationInfo” points to a SRS in a resource set corresponding to a 1st panel, the 1st panel is implicitly selected for SRS/PUSCH, and vice versa for the 2nd panel. Using SRI to select different SRS and “SpatialRelationInfo” supports panel selection already. An example is illustrated in Figure 1. 
Observation:

· Beam/panel selection is already supported in Rel.15, implicitly through the configuration of “SpatialRelationInfo”. 
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Figure 2: UL beam/panel selection for codebook-based MIMO
SRS for CSI acquisition (e.g. “codebook”) can be configured on per-panel basis, with associated “SpatialRelationInfo” indicating the corresponding panel/beam. With Rel.15 mechanism where a SRS resource set comprises up to two SRS resources, either one or two panels can be selected semi-statically through RRC configuration. An exemplary diagram is provided in Figure 2. PUSCH is transmitted from a single panel at any time. 
Observation:

· Up to two beams (on the same panel, or one for each panel), can be selected through RRC by Rel.15, while PUSCH is transmitted from a single panel at any time. 
4.2. Multi-panel joint transmission
Joint transmission from multi-panels at the same time is currently not supported in standardized manner. Several proposals were identified in RAN1#94 for multi-panel joint transmission for PUSCH (e.g. multiple SRI indicators, extended SRI indicator, one SRS across multiple panels). 
Before committing to these enhancements, two questions need to be addressed:

· Performance gain of multi-panel joint transmission over single-panel needs to be validated by system performance evaluation. Several issues need to be taken into account, e.g. power constraint per panel and across panels, timing advancement, coherency relationship between panels, etc. 
· Standardized vs. standard-transparent support: It is possible that Rel.15 standard-transparent approach support multi-panel joint transmission. For instance, panel orientation is known to the UE, and it is possible for the UE to derive the beam for panel 2, ...N based on the beam of panel 1 (signaled by gNB) in a standard transparent manner. The derived beam for panel 2 to N can be used for both SRS and PUSCH. 
Observation: 
· The performance gain of standard-non-transparent multi-panel JT needs to be studied. 

For standardized multi-panel joint transmission, an analysis on their pros and cons are summarized below: 

· Multiple SRI fields: Multiple SRS sets (for CSI) are configured and transmitted. Multiple SRI are signaled in UL grant, while each PUSCH layer is mapped to a single panel associated with the corresponding SRI.

· Pros: support joint transmission
· Cons: 

· Large SRS overhead, as all configured SRS resource sets need to be transmitted. 

· Not supporting coherent transmission across UL panels. 

· Large UL grant overhead

· Since each panel is assigned its own SRS resource (for channel estimation), for gNB to measure the concatenated channel across panels, SRS across panels are preferably transmitted in the same time. It is unclear if the current SRS design sufficiently allows such functionality. Transmitting SRS across panels at different time doesn’t support non-coherent panels sufficiently well. 
· Extension of single SRI field: 

· The basic function is similar to multiple SRI fields, except that all SRI fields are coded jointly. It shares the same pros and cons as multiple SRI fields.

· Indication of antenna panel:

· The basic function is similar to multiple SRI fields, except that indices of beam/panel is signaled explicitly, instead of implicitly through SpatialRelationInfo as in Rel.15. It is unclear if this is really needed because it is just another way of achieving the same functionality as Rel.15. 

· A single SRS resource across multiple panels:

· SRS resource for channel estimation is mapped to different panels to support multi-panel joint transmission. The functionality is similar to alt-1, except that now SRS is now mapped to multiple panels instead of one in Rel.15. Given that different panels have different beams, “SpatialRelationInfo” configuration needs to be on a per-antenna or per-antenna-group basis. Compared to alt-1, this approach allows a PUSCH layer to be mapped to more than one panel at a time, supposedly increasing the diversity gain. 
Standard impact is similar to alt 1-3, e.g. new SRS design with more than 4 ports is needed. On the other hand, UL grant still carries one SRI, but its bitwidth needs to be increased to support many beam combinations across panels. 
Observation:

· All identified schemes for mapping PUSCH to more than one panel have large standard impacts, e.g. DCI design, overhead, SRS overhead, new SRS with more than 4 ports. 

5. Beam failure recovery on SCell
Beam failure recovery was standardized in Rel.15 for SpCell. It was agreed in RAN1 in Rel.15 to further support BFR on SCell, assuming that there is no RAN1 specification impact and the work will be done in RAN2. To limit UE complexity, the number of SCell for BFR was agreed to be limited to 1 in Rel.15. An LS was sent to RAN2 to inform the decision. RAN2 came back with an LS requesting RAN1’s inputs on a list of candidate schemes (c.f. [2]). While RAN1 was working on the details, RAN2 decided to ignore the first RAN1 LS and not support BFR on SCell in Rel.15. 

For BFR, UE monitors the current control channel quality. If beam failure is detected, an UL indication is sent to the gNB to report the BF event and a new candidate beam. If gNB successfully receives the UL indication, an DL indication (e.g. gNB response) is sent to the UE, acknowledging the UE report and instructs UE to terminate the BFR procedure. In Rel.15, the UL indication is non-contention-based RACH where the selected RACH resource is one-to-one associated with the new DL candidate beam qnew selected by the UE, and the DL indication is a PDCCH scrambled by C-RNTI in a dedicated CORESET-BFR in the same DL cell, transmitted using the qnew.
5.1. Comparison of candidate schemes in Rel.15

For Rel.16 SCell, four candidate schemes are listed in RAN2 LS to RAN1 (c.f. [2]). 

· Alt-1:  CFRA BFR on SCell UL and gNB response on SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.

· Alt-2:  CFRA BFR on SCell UL and gNB response on PCell DL, using the same CORESET-BFR as BFR on SpCell

· Alt-3:  CFRA BFR on PCell UL and gNB response on PCell DL, using same resources as BFR on SpCell but different preambles

· Alt-4:   MAC CE transmission on PCell to indicate the new beams
Depending on where the UL/DL indication are transmitted, a summary is provided in Table II. 
Table II: summary of Alt-1 to 4 based on CCs for UL/DL indication 

	
	PCell UL
	SCell UL

	PCell DL
	Alt-3, Alt-4
	Alt-2

	SCell DL
	
	Alt-1


Alt-1 is the simplest solution where the existing Rel.15 BFR procedure can be replicated from SpCell to SCell. It has the least specification impact. 

· On the UL, CFRA is initiated when beam failure is detected in the same SCell. Note that contention-free RACH is already supported on SCell if triggered by a PDCCH order (e.g. MAC subclause states “The Random Access procedure on an SCell other than PSCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000”). Since CFRA resource configuration is already supported on SCell in the current RRC specification, the only impact on RAN2 specification is that BFR-initiated Random Access should be added, on top of PDCCH order. This is a very simple spec change.
· On the DL, CORESET-BFR is configured in the same SCell for which BFR is configured. The CORESET-BFR is configured as a USS on which UE monitors C-RNTI. This is compliant with the current RAN2 specification that UE is not required to monitor Msg2 in SCell scrambled by RA-RNTI in the CSS.

Observation: 
· Alt-1 has the minimum specification impact, as contention-free RACH is already supported on SCell (by PDCCH order) in Rel.15. 
· The only RAN2 impact is to extend the support to include BFR use case.
· Alt-1 requires UL configuration on SCell.
Alt-2 is different than Alt-1 in that DL indication is received in PCell. The same CORESET-BFR is to be shared for monitoring gNB response for PCell and SCell(s). Sharing PCell CORESET-BFR for multiple cells has a few problems:
· First, it requires a CORSET-BFR configuration on PCell. This is unnecessary overhead if PCell is in FR1 and does not support BFR.

· Secondly, gNB response on PCell (for SCell), in a common CORESET-BFR shared with PCell, is problematic in that: 
· Since gNB response is to be monitored using the new candidate beam qnew, simultaneously monitoring one CORESET-BFR for gNB responses(s) associated with multiple DL cells cannot be done simultaneously at the UE if PCell is FR1. 
· It may require UE to conduct some cross-cell beam training to establish an association between the Rx beam of PDCCH in PCell with qnew in SCell. This would increase UE complexity if two DL cells are in different FR2 bands. A possible alternative is to use the Rx beam associated with qnew, PCell for reception of gNB response corresponding to qnew, SCell, but this will degrade the performance.  Another possible alternative is to assume a pre-defined QCL assumption for gNB response in COREST-BFR in PCell, but this is problematic as it degrades performance both for PCell/SCell, and this statically configured beam might fail in the event of beam failure. Note this approach has been ruled out in Rel.15 so there is no point to re-open this issue again. 

· By sharing a common CORSET-BFR for multiple RACH responses intended for multiple DL Cells, the non-contention-based RACH procedure essentially becomes contention-based. There is currently no contention-resolution mechanism in the Rel.15 gNB response procedure and it is unclear how UE would understand which SCell the gNB response is intended for. 
To resolve the above issues, a minor variation of alt-2 can be so that each SCell has its own associated CORESET-BFR (or COREST-SS) configured in the PCell DL. This however congests PCell DL control resource significantly, e.g. when the number of SCell is large, or when PCell bandwidth is small (e.g. FR1). Given that SCell anyway has DL available, it is unclear why gNB response for SCell is not received in SCell, but on PCell. 
Observation: 

· Alt-2 requires CORESET-BFR configuration in PCell, which is unnecessary overhead for FR1 PCell.

· gNB response in PCell CORESET-BFR has several challenging issues.  

· PCell DL control resource will be congested. 

Alt-3 shares the same set of problems of alt-2 in the DL. In addition, congestion of RACH in PCell UL is expected. How severe this problem is depends on the number of SCells.  

Observation:

· Alt-3 shares the same DL-related issues as Alt-2.

· Congestion on PCell RACH is expected.
Alt-4 requires designing a new MAC CE and is justified by proponents in support of DL-only SCells. The main drawback is that a SR needs to be sent first on the PCell in order to be able to send, in a second-step, the MAC CE. This can result in extra delay compared to the Rel.15 RACH-based approach.
Observation: 

· SR needs to be transmitted to initiate MAC-based report/response on PCell, which results in extra delay and less efficient than RACH-based approach. 

Last, both DL-only and DL/UL-SCell are included in the WI scope, per our understanding. Although DL-only is an important use case, DL/UL-SCell should not be overlooked or deprioritized. It will be unfortunate if Rel.16 supports DL-only and we have to come back in Rel.17 again to address the DL/UL SCell case. A complete solution in Rel.16 is much preferred.
Observation: 

· Both DL-only and DL/UL SCell should be supported in Rel.16.
In summary:
· It is preferred to reuse the Rel.15 BFR mechanism when possible, due to its efficiency and small specification impact. This is especially true when SCell has UL configuration, where the Rel.15 BFR procedure is duplicated on the SCell with minimum specification effort. 
· For DL-only SCell, UL report can only be done in PCell, e.g. alt-3 or alt-4. Alt-3 enjoys affinity to Rel.15 design but there is a PCell congestion issue for PCell UL RACH and DL control resource. Sharing a common CORESET-BFR for gNB response of PCell/SCell also leads to several issues. Alt-4 has larger delay due to SR on PCell before MAC-CE, but otherwise simpler than alt-3. 
Proposal:

· For SCell with DL/UL, adopt alt-1 (CBRA and gNB response both in SCell).

· For SCell with DL-only, adopt alt-4 (MAC-CE based on PCell)

5.2. Rel.16 scope

The WI scope is clear that only Rel.15 BFR schemes are considered for SCell, which includes CFRA and CBRA-based approaches. All other approaches that are not supported in Rel.15 (e.g. PUCCH based) are out of the WI scope. New BF detection metric or candidate beam detection metrics are also out of scope in our views. MAC-CE based approach can be discussed as this is within the realm of RAN2 which is not specifically precluded in the WI description. 
Observation:

· CFRA, CBRA and MAC-CE based approach are with the scope of the Rel.16 WI.

6. L1-RSRQ or SINR measurement and feedback
Interference measurement for CSI in Rel.15 is based on ZP-CSI-RS (e.g. IMR) and optionally NZP-CSI-RS. Specifically, a CSI report can be associated with 2 or 3 RS setting, while the 2nd setting is ZP-CSI-RS, and the 3rd setting (if configured) is NZP-CSI-RS. These can be starting point for interference measurement resource for beam management. 
Given the wideband nature of analog beamforming, measured interference should presumably come from beamformed CSI-RS (1/2 ports) with wideband power, not PDSCH which generates frequency selective interference. As its RE pattern is different than the 4x1/2x2 RE pattern of Rel.15 IMR, it’s unclear if Rel.15 ZP-CS-RS based IMR should be used for beam measurement. A 2x1 RE pattern which fully divides SSB and 1/2-port CSI-RS can be a starting point for IMR resource for beam measurement. 
Proposal: 

· Rel.15 CSI reporting framework can be a starting point, where each beam report is associated with at least 2 RS setting, where the 1st RS setting is for channel measurement (CSI-RS/SSB), and the 2nd RS setting is for interference measurement. 

· The interference measurement resource has a 2x1 minimum RE pattern and should be non-zero-power. 

7. Conclusions
In this contribution we discussed various aspects of UL beam management enhancement in Rel.16. Our views are summarized below.
Observation:

· Rel.15 UL BM (codebook-based) is limited to 2 beams. Switching to another set of 2 beams requires RRC reconfiguration, causing delay and inefficiency. 

· SRS flexibility is limited by 2-bit SRS triggering.
· Configuring multiple SRS resource sets and triggering one set at a time can improve beamforming flexibility while maintaining low SRS overhead. 
· Beam/panel selection is already supported in Rel.15, implicitly through the configuration of “SpatialRelationInfo”. 
· Up to two beams (on the same panel, or one for each panel), can be selected through RRC by Rel.15, while PUSCH is transmitted from a single panel at any time. 
· The performance gain of standard-non-transparent multi-panel JT needs to be studied. All identified schemes for mapping PUSCH to more than one panel have large standard impacts, e.g. DCI design, overhead, SRS overhead, new SRS with more than 4 ports. 

· CFRA, CBRA and MAC-CE based approach are with the scope of SCell BFR in Rel.16.

· For L1-SINR beam management, the Rel.15 CSI reporting framework can be a starting point, where each beam report is associated with at least 2 RS setting for channel measurement (CSI-RS/SSB) and interference measurement, respectively. 

· The interference measurement resource has a minimum 2x1 minimum RE pattern and should be non-zero-power. 

Proposal:

· Latency and overhead reduction

· A UE is configured with M>=1 aperiodic SRS resource sets, or 1 periodic SRS resource set for CSI acquisition.

· Different resource sets have the same time-domain property (e.g. aperiodic, or periodic)

· Each SRS resource set consists of up to N = 2 SRS resources (same as Rel.15). 

· “SpatialRelationInfo” for each SRS in the SRS resource sets is RRC configured, or activated/deactivated by MAC-CE.

· 1-bit SRI points to a SRS resource in the latest SRS resource set.

· At most one of the M SRS resource sets is triggered at a time (per CC).

· SRS resource triggering field is increased, e.g. 4-bit. 

· Consider allowing PRACH from initial access as a source of UL Tx beam for PUSCH, at least in the early stage after RRC connection. 
· Per-panel beam selection

· The performance gain of standard-non-transparent multi-panel JT needs to be studied. 

· Beam failure recovery

· For SCell with DL/UL, adopt alt-1 (CBRA and gNB response both in SCell).

· For SCell with DL-only, adopt alt-4 (MAC-CE based on PCell)

· L1-SINR for beam measurement 

· Rel.15 CSI reporting framework can be a starting point, where each beam report is associated with at least 2 RS setting, where the 1st RS setting is for channel measurement (CSI-RS/SSB), and the 2nd RS setting is for interference measurement. 

· The interference measurement resource has a 2x1 minimum RE pattern and should be non-zero-power. 
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