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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 beam failure recovery for SCell with DL/UL as well as UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution we provide our views on Rel.16 multi-beam enhancements. 
2. UL Beam management with flexibility/delay enhancement

Rel.15 provides a functional yet rudimentary design for UL beamforming. Dynamic beam adaptation is limited to two beams (e.g. 2 SRS resources in the SRS resource set for CSI acquisition, each configured with a different “SpatialRelationInfo”), where the two beams are RRC configured. To switch to another set of two beams, an RRC reconfiguration is needed, causing delay and restricted flexibility. 
It is desirable to bring UL beamforming flexibility on par with DL. This can be done by increasing the SRI bitwidth to 3 bits, e.g. 8 SRS resources per set. Each SRS is associated with a different or same “SpatialRelationInfo”. Configuration of “SpatialRelationInfo” can be RRC or RRC+MAC-CE. This allows dynamic beam switching across maximum of 8 beams. However this would increase SRS overhead significantly as 8 SRS have to be transmitted all the time. A simple workaround is to break the 8 SRS resources into multiple resource sets (M), 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. Lastly, to flexibly trigger the M SRS resource sets, SRS triggering field can be extended to 3-4 bits. 
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Fig .1: UL beam management with multiple SRS resource sets
Proposal: 

· Extend the number of SRS resource sets (for CSI) beyond 1, with 2 SRS resources per set, where 1-bit SRI in UL grant points to a SRS resource in the latest SRS resource set.
· Extend SRS triggering bitfield beyond 2-bits. 

3. Multi-panel operation that enables panel-specific beam selection
3.1. Single-panel selection (Rel.15)
For UE capable of beam correspondence, UL beam can be derived from DL Rx beam of CSI-RS/SSB. The reception of CSI-RS/SSB can be on a per-panel basis. Hence, per-panel beam selection is already supported in Rel.15 UL. 

For UE not capable of beam correspondence, gNB may configure 8 SRS resource sets for beam management. Each SRS resource set may comprise 16 SRS resources. Through UE implementation, each SRS resource set can be mapped to a specific panel, where different SRS resources in the set enable beam sweeping. 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}


It is up to gNB to configure whether SRS resources of different panels are transmitted simultaneously or otherwise. If SRS of different panels are transmitted in orthogonal time resources, U2 procedure (e.g. Rx beam sweeping) is conducted per UL panel, where optimal Rx beam (at gNB) for each Tx panel/beam (at UE) is selected under single-panel hypothesis. Alternatively, if SRS of different panels are scheduled to transmit at the same time, U2 is conducted for all UL 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 SRS and UE panels is up to UE implementation, but this is transparent to gNB. 
After gNB performs beam/panel selection, the selected SRS are indicated to UE via resource-specific configuration of “SpatialRelationInfo”. The indicated “SpatialRelationInfo” implicitly selects UL panels. If “SpatialRelationInfo” refers to SRS in a resource set corresponding to the nth panel, the nth panel is implicitly selected. Hence panel selection is implicitly supported in Rel.15 already. 
Observation: 
· Single-panel transmission with beam/panel selection is already supported in Rel.15, implicitly through “SpatialRelationInfo”. 
3.2. Multi-panel joint transmission
· Standard-transparent multi-panel (Rel.15)
In our understanding, mapping from SRS ports/resource to physical antenna/panels is UE implementation, and it is possible that antenna virtualization maps one port across multiple panels. This applies to both SRS for beam management, SRS for CSI acquisition, and PUSCH. For SRS for beam management, virtualized SRS is the concatenated signal from multiple beams on multiple panels.  
When a SRS port is virtualized across panels, multi-panel joint transmission is inherently supported. A UE intending to support multi-panel joint transmission can request SRS resources dedicated for beam/CSI measurement across panels, using Rel.15 specification. From a gNB perspective it is unaware whether the SRS originates from a single panel or multiple panels, and will treat the SRS resource as from a single “transmission point”.  

Observation: Rel.15 supports multi-panel joint transmission, to certain extent, in a spec transparent manner. 

· Standard-non-transparent enhancement (Rel.16)
Multiple candidates were discussed in previous meetings for standardized multi-panel joint transmission. Their pros/cons are analyzed 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 CSI), 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. Therefore it shares the same pros/cons above. 
· Indication of antenna panel:

· The basic function is similar to multiple SRI field, except beam/panel indices are signaled explicitly, instead of implicitly through SpatialRelationInfo. Until it can be shown that the Rel.15 mechanism has a fundamental flaw, our preference is to extend the Rel.15 framework, rather than introducing a completely new approach. 
· 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:

· Standard-non-transparent enhancement on multi-panel joint transmission has impacts on DCI format, overhead, SRS overhead, new SRS with extended port number. 

4. Beam failure recovery on SCell
The WID was updated in RAN#82 to incorporate the deployment scenarios discussed in RAN1#82. Depending on the UL/DL configuration of SCell and the frequency range of PCell, a total of four scenarios need to be supported: 

· Scenario 1.1: SCell with UL/DL, PCell on FR1

· Scenario 1.2: SCell with UL/DL, PCell on FR2

· Scenario 2.1: SCell with DL only, PCell on FR1

· Scenario 2.2: SCell with DL only, PCell on FR2

4.1. Down selection of candidate schemes

Candidate schemes discussed in previous meetings includ Rel.15 mechanism (e.g. RACH-based) and new mechanism that require a complete BFR redesign (e.g. PUCCH and MAC-CE).
· RACH-based (Rel.15 based): 
· This is the simplest approach by duplicating the Rel.15 mechanism on the SCell. Very little specification work is needed as the entire procedure can be readily supported on SCell. Note that contention-free RACH on SCell with PDCCH order is already supported on SCell, so from a PHY perspective there is barely any major hurdle to support this feature. 

· On the flip side, RACH-based mechanism can only be supported on cells with UL/DL configured (if the exact Rel.15 mechanism is reused), therefore a strict Rel.15 version doesn’t apply to scenario 2.1 and 2.2. 
· A modified version can be so that contention-free RACH is transmitted in another Cell with UL, e.g. PCell or SCell.  
· MAC-CE based: 
· The intention of MAC-CE based approach is to transmit BFR report, and receive gNB response, both using MAC-CE message. It is the common understanding that MAC-CE will be delivered on the PCell.
· If PCell is in FR2 and also experiences beam failure, MAC-CE may not be reliably delivered. Hence this mechanism doesn’t sufficiently support scenario 1.2 and 2.2. In particular, at least for Scenario 1.2 (PCell in FR2), it is preferable to reuse Rel.15 mechanism by not replying on another cell that may experience beam failure.  

· It has more specification work than RACH-based, but is simpler than PUCCH-based approach. 
· PUCCH-based: 
· The intention of PUCCH-based approach is to send BFR report on the PCell, and receive gNB response on either PCell or SCell. Likewise this approach doesn’t require the target SCell to be configured with both UL/DL, hence both Scenario 1.1 and 1.2 are supported. 
· In terms of deployment restriction, it has the same issue that it may not reliably support scenario 2.1 and 2.2 when PCell in FR2 experiences beam failure itself. 
· In addition, this approach is expected to be significantly more complicated than MAC-CE based approach. 

Observation:

· None of the currently identified schemes (RACH, MAC-CE, or PUCCH-based) can support all four deployment scenarios. A combination of at least two schemes is needed to address all scenarios.

Considering potential specification effort, it is proposed that RACH-based approach and at least one of MAC-CE/PUCCH-based approach are adopted.
Proposal: 

· Adopt RACH-based mechanism (on the same serving cell) and at least one new mechanism (down-selected from MAC-CE and PUCCH-based) for Rel.16 SCell BFR operation. 

4.2. RACH mechanism (Rel.15-based)
Rel.15 BFR transmits contention-free RACH and receives gNB response on the same serving PCell. 
For Rel.16, at least when SCell has UL/DL, the same mechanism should be replicated on the serving SCell. This barely has any RAN1 impact. We don’t currently see any need to send BFR report and receive gNB response on any cell other than the serving SCell. 
For SCell without UL, if RACH-based mechanism is to be used, BFR report needs to be sent on the PCell or another SCell with UL, herein defined as a TCell. RACH-resources on TCell need to be one-to-one associated with beam failure monitoring RS for the target serving SCell. Note that TCell itself may also be configured with RACH-based BFR, so if one TCell is used for BF report for multiple serving cells, RACH resources may be congested on TCell. For gNB response, it should still be received on the same target serving SCell (which always has the DL), using a dedicated CORESET-BFR. However, considering the motivation to introduce a new mechanism (MAC-CE or PUCCH) is primarily for SCell without UL, it may not be necessary to support RACH-based mechanism for SCell without UL.
Proposal: 

· For SCell with both UL/DL, reuse Rel.15 contention-free RACH based BFR mechanism, where BFR report and gNB response are transmitted on the same target serving SCell.

4.3. New mechanism
4.3.1. MAC-CE

The main drawback for MAC-CE based mechanism is that a SR or an UL MAC-CE message needs to be sent first on the PCell in order to be able to send, in a second-step, a DL MAC-CE message for SCell reconfiguration. This can result in extra delay compared to the Rel.15 RACH-based approach. However it supports SCell without UL, and can be considered as a compromise between UL/DL configuration restriction and BF recovery latency. 

For beam failure report, it can be sent using SR or an UL MAC-CE message. Given that the BF reports needs to indicate the new beam qnew and potentially other information (e.g. partial beam failure), the capacity of traditional SR may not be sufficient, therefore a dedicated MAC-CE message is preferred. This can include information related to new candidate beam and partial beam failure (if supported). The MAC-CE can be sent on UL of the PCell or another semi-statically configured SCell (herein defined as a TCell). Configured-grant PUSCH can be used for MAC-CE transmission in the UL, as beam failure is agnostic to gNB and dynamically scheduled BF report is not possible.  
Proposal: 
· For SCell without UL, beam failure report is transmitted using MAC-CE with grant-free PUSCH on a semi-statically associated cell. 

· Beam failure reports of multiple SCells (without UL) are lumped in the same MAC-CE message. 

For gNB response, several possibilities exist. 

· Option 1: Reuse Rel.15 mechanism where UE monitors PDCCH in a dedicated CORESET-BFR in the same target serving SCell, assuming transmission on the new alternative beam qnew; or

· Option 2:  UE monitors a dedicated MAC-CE message, on PCell, for beam failure recovery, e.g. a new MAC-CE in Rel.16 or any activation/deactivation of beams on the target serving SCell. 

Option 1 doesn’t require any new specification feature, however it implies more CORESET consumption on the SCell. Option 2 avoids this issue by leveraging PCell, however if PCell is experiencing BF itself, SCell recovery may experience prolonged latency. Down-selection between option 1 and 2 should weigh 
Proposal: 
· Discuss if gNB response should be received on serving SCell using Rel.15 mechanism (CORESET-BFR), or on PCell with MAC-CE.

4.3.2. PUCCH

In general, PUCCH and MAC-CE achieve similar functionality as they both exploit an alternative UL channel than RACH to report information related to beam failure and new candidate beam. There are, however, some important differences between these two approaches. 
· The capacity of PUCCH is in general smaller than that of MAC-CE, hence it is less flexible in system operation, especially with a large number of SCells.
· More specification work is expected to support PUCCH-based BFR. 

Considering these aspects, it is slightly preferred to adopt MAC-CE based mechanism, for SCells without UL. 

4.4. Measurement resources

Since beam failure may occur independently on different cells, the baseline assumption should be that each SCell has its own BFR procedure. Coupling BFR procedure across SCells cripples the network’s flexibility in beam management, and does not support SCells operating in different FR2 band. 

Proposal: 
· Each SCell should have its own, independently configured, BFR procedure. 

Each SCell should have its own RS configuration for BF monitoring. Note that BF monitoring RS may be located in the same serving SCell, or in another SCell. It is possible that BF monitoring RS for two SCells are physically the same resource, however from L1/L2 specification perspective there should be two separate RS configurations. Each SCell has its own BF event indication to the MAC (even if they use the same RS resource for BF monitoring).  

The same holds for new beam identification RS. 
Proposal: 
· Each SCell should have its own, independently configured, beam failure monitoring RS and new beam identification RS. 

5. L1-SINR measurement and feedback
Beam management in Rel.15 is based on L1-RSRP. The Rel.16 WID includes an objective of supporting L1-SINR/L1-RSRQ based measurement that intends to improve beam management flexibility by capturing inter/intra-cell interference, e.g. multi-panel operation where each panel serves a UE. The following agreements have been reached in previous meeting:

Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS

· FFS: For interference part

· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR

· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes

Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement

· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214

· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both

· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement

· Alt 2: The same reference signal as signal part as specified in 38.215

· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part

· Companies are encouraged to provide simulation results for down-selection

Rel.15 has two types of resources for interference measurement, e.g. ZP-based and NZP-based. For ZP-based, all signals received on the ZP-IMR resources are considered interference. This is also the baseline of LTE. For NZP-based, UE performs channel estimation using the NZP signals, subtracts its contribution from the total received signal, and assumes the remaining component as interference. Note that NZP-based IMR is not used alone but has to be configured jointly with ZP-based IMR. The main motivation of NZP-based IM is to exploit better channel estimation/interpolation capability provided by NZP signal, facilitates MU-MIMO interference emulation, which supposedly improves MU-MIMO pairing performance. 

Whether L1-SINR for beam measurement should use ZP or NZP IMR shall take into account the intended use case of beam measurement. Beam measurement and CSI measurement are two independent, yet related, procedure in downlink link adaptation. A key difference between beam reporting and CSI reporting is that beam reporting is intended for long-term, coarse paring based on large scale channel property, while CSI reporting is for short-term, refined paring based on small scale channel property. Beam reporting alone is not sufficient for refined MU-MIMO pairing, but rather serves as starting point for further CSI refinement. As such, it is questionable if the channel estimation / interpolation capability with NZP-based IMR will be reflected in the overall system performance. This needs to be validated by system-level simulation to justify the higher complexity in beam measurement. Until then, a starting point should be ZP-based IMR. 
Observation:

· As beam measurement intends to provide long-term, coarse, large-scale channel property to facilitate further CSI refinement, it cannot be used alone in system operation and it is questionable if channel interpolation due to NZP-IMR based beam measurement will reflect in the system performance. 
Note that ZP IMR supports all functionality of NZP-based IMR, except per-layer channel estimation/interpolation with known pilot sequences. For instance, ZP-IMR can be configured to be overlapping with NZP-RS of other panels, which effectively allows across-panel interference measurement. It is up to gNB scheduler to configure the RE mapping of ZP-IMR intended for one panel, and NZP-RS intended for other panels, much alike the interference measurement mechanism of LTE CoMP. Furthermore, ZP-based IMR is expected to be much simpler than NZP-based IMR, which is appealing from UE complexity perspective when a large number of beam measurement signals are present. 
Proposal: 

· Consider ZP-based IMR as a starting point for L1-SINR beam measurement. 
6. Maximum Permissible Emission due to human-body
The issue of maximum permissible emission (MPE) due to beams traversing human-body was raised in the last meeting. In brief, UE may not be able to transmit in some direction or needs to back off its transmit power, in order to meet certain regulatory requirements. The issue can be further discussed with and without beam correspondence:
· For UL beamforming not relying on beam correspondence, UL beam sweeping is needed. gNB performs UL beam measurement using a first set of SRS, locates the optimal UL beam, transmits a second SRS for CSI acquisition using the optimal beam, and schedules data transmission. If human-body absorption is smaller than the difference between the best and the second best beam, a beam traversing human-body may be scheduled by gNB. 

· For UL beamforming relying on beam correspondence, a DL beam with the maximum L1-RSRP is reported, and presumably will be scheduled by gNB for data transmission. Assuming the UE is able to detect whether an UL beam traverses human-body, UE implementation may avoid reporting DL beams whose corresponding UL beam may violate MPE constraint.  Therefore UE implementation can avoid this issue. 
Observation: At least when beam correspondence holds, MPE can be addressed by UE implementation. 

7. Conclusions
In this contribution we presented our views on multi-beam operation enhancements in Rel.16.

· UL beam management with flexibility/latency enhancements

Proposals:

· Extend the number of SRS resource sets (for CSI) beyond 1, with 2 SRS resources per set, where 1-bit SRI in UL grant points to a SRS resource in the latest SRS resource set.
· Extend SRS triggering bitfield beyond 2-bits. 
· UL multi-beam joint transmission

Observation: 

· Single-panel transmission with beam/panel selection is already supported in Rel.15, implicitly through “SpatialRelationInfo”. 
· Rel.15 supports multi-panel joint transmission, to certain extent, in a spec transparent manner. 

· Standard-non-transparent enhancement on multi-panel joint transmission has impacts on DCI format, overhead, SRS overhead, new SRS with extended port number. 

· BFR on SCell
Observation:

· None of the currently identified schemes (RACH, MAC-CE, or PUCCH-based) supports all four deployment scenarios. A combination of at least two schemes is needed to address all scenarios.

Proposal: 
· Adopt RACH-based mechanism (on the same serving cell) and at least one new mechanism (down-selected from MAC-CE and PUCCH-based) for Rel.16 SCell BFR operation. 

· For SCell without UL, beam failure report is transmitted using MAC-CE with grant-free PUSCH on a semi-statically associated cell. 

· Beam failure reports of multiple SCells (without UL) are lumped in the same MAC-CE message. 

· Discuss if gNB response should be received on serving SCell using Rel.15 mechanism (CORESET-BFR), or on PCell with MAC-CE.

· L1-SINR for beam measurement
Observation:
· As beam measurement intends to provide long-term, coarse, large-scale channel property to facilitate further CSI refinement, it cannot be used alone in system operation and it is questionable if channel interpolation due to NZP-IMR based beam measurement will reflect in the system performance. 

Proposal:
· Consider ZP-based IMR as a starting point for L1-SINR beam measurement. 

· MPE

Observation: At least when beam correspondence holds, MPE can be addressed by UE implementation. 
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