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Introduction
Rel-16 MIMO is tasked to enhance various aspects of multi-beam operation in FR2, including [1]
· 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 DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In the last meeting, the following agreements have been achieved [2].
Agreement
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

For further discussion
Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2

Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell

Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only
Send an LS to RAN2 to ask their input with reference to this agreement from their specification work point of view considering their workload. The draft LS in R1-1907850 is modified and endorsed in R1-1907870.
R1-1907850	[DRAFT] LS on MAC CE design for SCell BFR	Ericsson 

Agreement
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.

Agreement
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability

Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

 (For example) Alt.2 UL-TCI states
	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]



Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.

Agreement
Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.
· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.

For further discussion
Study beam indication/activation for a group of CCs

Agreement
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell

Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM

In this paper, we share our views on multi-beam enhancements. The remaining part of this paper is structured as follows. Section 2 is on latency/overhead reduction, Section 3 is on panel-based beam selection, Section 4 is on L1-SINR and Section 5 is on SCell BFR. More solutions can be found in our companion paper [3].

Latency/overhead reduction
The latency of BM may be caused by many reasons, one is the latency introduced by the signalling, especially RRC reconfigurations due to signalling restriction and UE capability limitation, and another is the time consumed to find the optimal beam pairs. And the system overhead of BM may be caused by periodic transmission of beam-swept signals and information including SSB, CSI-RS for BM, TRS, RMSI, other system information and by restricted scheduling availability on OFDM symbols carrying BM RS. In addition, from RAN1#96bis, signalling reduction is also recognized as one way to reduce overhead, as implied by the agreement to support simultaneous spatial relation update/configuration for multiple PUCCH resources. In this section we mainly discuss the signaling optimization, and more physical layer solutions towards BM latency and overhead reduction are presented in our companion paper [3].
[bookmark: _Ref100655]
Simultaneous spatial relation update for multiple PUCCH resources
To reduce signalling redundancy, simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE in Rel-16 and the number of groups per BWP is at least up to 2. In our opinion, this solution introduces unnecessary restriction on the flexibility, in particular, it is difficult to serve the case that UE has multiple available transmit beams (e.g., wide and narrow Tx beams, Tx beams pointing to different TRPs). On the other hand, we can understand that introducing more flexible PUCCH groups in an explicit way means more complicated impacts on RRC structure about PUCCH configuration, which thus is not preferred.
One possibility to overcome the mentioned problem is to group PUCCH resources for simultaneous spatial relation update in an implicit way. For example, for those PUCCH resources have already been configured with the same spatial relation (by a new Rel-16 MAC CE or the existing Rel-15 MAC CE), if one of which is updated with a new spatial relation, the spatial relation for the others should be updated too. By using this implicit method, the signalling overhead of updating PUCCH spatial relation is reduced with a minimum RRC impact.
Proposal 1: For configuring/updating spatial relation per group of PUCCH resources, instead of introducing explicit PUCCH groups, support implicitly grouping PUCCH resources with same spatial relation configured before.

Timely update of path-loss estimation RS for SRS power control
In Rel-15, for PUCCH power control, after receiving an activation command indicating a value of pucch-SpatialRelationInfoId, the UE determines the referencesignal value in PUCCH-PathlossReferenceRS through a link to a corresponding pucch-PathlossReferenceRS-Id index. It means that UE can update its pathloss estimation of PUCCH to match the indicated Tx beam.
However, for SRS power control, this mechanism is not yet supported. The only way to ask UE to change its reference signal for pathloss estimation is through RRC reconfiguration, which introduces a much higher delay. Without a timely update, UE has to use a mismatched estimation to determine its SRS transmit power even after the change of its Tx beam by MAC CE signalling, which makes the transmit power either too high or too low until next RRC reconfiguration of PathlossReferenceRS. To eliminate this mismatched period, it is a natural choice to update SRS transmit power based on the update of SRS spatial relation. If the spatial relation contains SSB index or CSI-RS resource ID, UE can perform pathloss estimation via measuring the corresponding DL RS. If the spatial relation contains SRS resource ID, UE can infer the transmit power from latest transmission of the referred SRS.
Proposal 2: For latency/overhead reduction, support UE to determine pathlossReferenceRS when it receives MAC CE based spatial relation update of SRS spatial relation.

Default Tx beam selection when spatial relation is not configured
For gNB to guide UE on UL Tx beam selection for PUCCH/SRS transmission, with Rel-15 beam management framework, it can explicitly configure spatial relations via higher layer signalling. 
For FR1 UE, there is no need to configure spatial relations. However, for FR2 UE, it may be confused on which Tx beam to use if spatial relation field is absent. It can be beneficial to have some rules hard-coded in specs so that UE can follow for Tx beam selection. To define proper rules, it is needed to understand under which condition gNB does not configure spatial relation. There could be two scenarios: one is that gNB does not know which Tx beam to configure, the other is that gNB believes UE could do this properly so that the signalling is not really needed. 
For the first scenario, one typical example is UL Tx beam sweeping procedure. To do UL Tx beam selection, for a SRS resource set with usage set as ‘beamManagement’, UE should transmit different SRS resources via different Tx beams. In this case, gNB would not configure any spatial relation and UE should understand that this SRS resource set is for UL Tx beam sweeping purpose. In addition, gNB could configure spatial relation for only one SRS resource and UE should understand that other resources in the same SRS resource set are suitable for a local Tx beam sweeping.
For the other scenario, one typical example is that gNB and UE communicate with each other only via a single beam pair, in this case when the DL Rx beam information is available, UE should be able to learn UL Tx beam information. Otherwise, it is always needed to indicate spatial relations if there are some changes on DL TCIs, which is actually redundant, especially for those UEs with limited capability which can support only one active beam for both DL reception and UL transmission.
Based on above discussions, we have the following proposal:
Proposal 3: For latency/overhead reduction, support the following default UE behaviors 
· To transmit SRS resources with different Tx beams if spatial relation is not configured for SRS resources in a SRS resource set with usage as ‘beamManagement’
· To update Tx beam when active DL TCI state is changed, at least for UEs supporting only one active beam

Reduce signalling redundancy for multiple CCs
In Rel-15, both DL and UL beam indication like TCI and SpatialRelationInfo contain CC/BWP ID and reference signal, which suggest reference signals on one CC/BWP can be used as the QCL references for the PDCCH/PDSCH/PUCCH DMRS and CSI-RS/SRS on another CC/BWP. When cross carrier QCL relationship holds (it is worth mentioning that cross carrier QCL relationship does not always hold, as shown in our companion paper [3]), it is a low-overhead mechanism to train beams on one CC and apply the beams on other CCs. In this case, it means that gNB and UE communicates with a same set of beams on multiple CCs. With Rel-15 beam indication schemes, however, gNB has to configure the exact same beam information on each CC via RRC and to activate the same set of beams on each CC via MAC CE. For example, if gNB needs to inform a change of the activated beam to transmit PDCCH, it has to send up to 32*12 MAC CE (32 is the max number of supported CCs and 12 is the max number of CORESETs per CCs) for one exactly same beam change information. Rel-16 should develop simplified solutions to minimize such redundancy. In the very specific example mentioned before, allow simultaneous update of activated PDCCH beam across all CC/BWPs is needed. With the support of simultaneous update, gNB only needs to send one explicit TCI activation/deactivation command and TCI selection command for one CC, and UE should be able to adjust the activated and selected TCIs and spatial relations for all other related CCs.
To reduce the signalling redundancy, we have the following proposal:
Proposal 4: For latency/overhead reduction, support simultaneous TCI states activation and selection across multiple CCs. 

Improve UE capability reporting
In Rel-15, UE capability for beam management is captured in TS 38. 306, TS 38.331 and TR 38.822. After reviewing the table below, for UE which can support 8 1Tx CSI-RS resources or 8 2Tx CSI-RS resources for L1-RSRP measurement within a slot, it cannot report 8 for component-1 and 8 for component-2 because this UE has such a concern that gNB may schedule both 1Tx and 2Tx CSI-RS resources within slot which means 16 CSI-RS resources in total so that this UE would not be able to deal with. The safe choice for this UE is, for example, to report 8 for component-1 and 0 for component-2 or to report 4 for component-1 and 4 for component-2. This capability reporting does not really reflect the UE capability and would lead to unnecessary performance loss due to the potential overhead and latency for gNB scheduling policies considering those limitations. To solve this issue, some improvement can be done by letting the UE additionally reports the max number of SSB/CSI-RS resources across all CCs within a slot, say MB_ 3. With additional UE capability reporting, UE can report 8 for MB_1, MB_2 and MB_3 and gNB would understand that this UE is capable to handle 8 CSI-RS resources within a slot, regardless of 1Tx and 2Tx, which helps the gNB for better scheduling decision.
Table 1 TR 38.822 V15.0.1 UE feature list 2-24
	2-24
	SSB/CSI-RS for beam measurement
	1) The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 
<omitted>
3) The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2
<omitted>

	beamManagementSSB-CSI-RS {
1. maxNumberSSB-CSI-RS-ResourceOneTx
<omitted>
3. maxNumberCSI-RS-ResourceTwoTx
<omitted>
}
	Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}

On FR2, UE is mandated to signal MB_1 >=8
On FR1, MB_1 >=8 is supported mandatory with capability signaling

Component-3, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}



Thus we have the following proposal:
Proposal 5: For latency/overhead reduction, support UE to additionally report the max number of SSB/CSI-RS resources across all CCs within a slot, irrespective of 1Tx or 2Tx.

Panel-based UL beam selection
The discussions on panel-based UL beam selection in Rel-16 are for the UE with multiple panels implemented and multiple panels can be activated at a time but only one panel can be used for transmission. UE does not need to always activate multiple panels and UE can control panel activation/deactivation. Therefore, panel indication and panel status synchronization between NW and UE are two most important issues to be resolved. In this section, panel indication, panel activation/deactivation and panel-specific power control and TA are discussed.

The framework of panel-specific transmission indication
Regarding the framework of panel-specific transmission indication, 2 alternatives have been listed in previous agreement, one is a UL-TCI framework, and the other is a new panel-ID. The pros and cons of each alternative are analyzed as below. 
Alt.2: Introduce a UL-TCI framework
In last meeting, some companies designed a UL-TCI framework over-the-air in the offline session. For DL cases, the TCI indication mechanism is useful. Since UE does not know the relationship between different RSs/channels scheduled by gNB, so the TCI state is used for QCL indication for RSs/channels to help UE determining Rx beam. However, UL RS/channel/data transmission are all based on gNB scheduling, where gNB does not need to tell UE how to it will receive the UL RS/data. Further, we already have spatial relation information to indicate UE how to transmit UL RS/data. There is no more useful information provided from the mentioned UL-TCI indication for UL RS/data. So, we do not think the introduction of UL-TCI in Rel-16 is necessary.
In addition, from the discussion and design, we can see that the mentioned UL-TCI is only to reuse spatial relation information and port indication (DMRS indication or TPMI indication), which was designed in Rel-15. In current UL transmission framework, these information has already been specified. The UL-TCI seems only to pack the existing things but have no more new information or benefits provided. 
One more thing, since it was listed for discussion only from the last meeting, it is not a mature and complete solution, many things need to be discussed, such as how to distinguish the panels in for panel-selection-based transmission, whether to introduce panel IDs, and how to define the panel-ID.
Observation 1: It is not necessary to introduce TCI for UL as there is no additional useful information provided by the UL-TCI.
Alt.3: Introduce a new panel-ID
Compared with a UL-TCI framework, introducing a new panel-ID may be less problematic.
1. It has a better maturity since RAN1 has discussed this alternative for several meetings. For example, the agreements reached in RAN1#AdHoc 1901 has already established this framework, except for some down-selection or merge to do.
	Agreement (Ad Hoc 1901)
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info


As shown above, introducing a new panel-ID is literally one (or a combined one) of Alt.2-Alt.4 from previous agreements. Under this framework, it is clear how a UE maps the UL signal to its panel-ID.
2. With the new panel-ID, it will be efficient for SRS resource configuration for panel-specific UL transmission. For SRS applicable to the usage of beam management, gNB can regulate the configured SRS resource sets corresponding to one UE Tx panel, e.g., to assign the same panel identifier to multiple SRS resource sets with different time-domain behaviours. For SRS applicable to the usage of codebook based UL, non-codebook based UL and antenna switching, gNB can associate the SRS to a panel-ID per resource level or resource set level explicitly or implicitly. When there is no SRS resource configuration, gNB can associate the PUCCH or PUSCH to a panel-ID. It is convenient to design mechanisms to align understanding on UE panel status between gNB and UE, without strong necessity to connect to configuration, reconfiguration, activation or deactivation of SRS resource. 
3. If the design in Rel-15 is considered to be applicable to single-UE-panel case only, having a new panel-ID to represent a UE Tx panel is simply a new dimension on top of the existing design and can be incorporated smoothly. For example, beam indication in Rel-15 uses the concept of “reference RS” for both DL and UL. One target RS can be configured with one “reference RS”, and the beam used for receiving/transmitting the “reference RS” should be used to receive/transmit the target RS. The function of the new panel-ID is different from existing beam indication due to the fact that one panel will be able to generate multiple different beams, and such panel ID can be used to limit beam training procedure to one specific UE panel, facing certain direction.
The panel ID introduced can be used for distinguishing the UL panels and beneficial for UL panel selection. Different with spatial relation information, if the panel is deactivated by UE (as agreed that UE can control the panel) for power saving purpose, the panel ID can be used for UE reporting the information to gNB. Based on the discussions above, we have the following proposal:
Proposal 6: For panel-specific UL transmission, support introducing a new panel-ID, and do not support introducing a UL-TCI framework. 

Panel ID for UL channels and signals
Regarding what is this new panel-ID and how to configure it, Alt.2-Alt.4 from previous RAN1 Ad Hoc 1901 agreements are some examples. We renumbered those alternatives as Alt.3.2 – Alt.3.4 and discuss the usage of this new panel-ID as follows. 
· Alt.3.2: a panel ID, which is directly associated to a reference RS resource and/or resource set 
This is not a proper usage in our understanding. Our interpretation of this approach is NW to assign this ID referring a reference RS to perform panel indication for a targeted RS. The panel/beam used for receiving/transmitting the reference RS should be used for receiving/transmitting the target RS. In other words, this ID is merely a low-overhead indicator of the reference RS. 
With this approach, if no further enhancement, the UE will be responsible of selecting panel for reference RS (e.g., SSB or CSI-RS if beam correspondence holds or SRS without spatial relation) from the beginning, panel management is still largely left to UE implementation. If a UE chooses to receive/transmit on one panel only, NW will not be able to instruct UE to perform panel selection.
· Alt.3.3: a panel ID, which can be assigned for a target RS resource or resource set
This is one possible usage in our understanding. Especially, for SRS resource/set(s) without beam indication, the configured panel ID can be used for indicating panel-specific UL beam training. For example, for those SRS resources for BM not configured with spatial relation, panel-ID can be assigned for the resource set to let the UE do a panel-specific Tx beam training. For those SRS resources for NCB not configured with spatial relation but with an associated CSI-RS, panel-ID can be assigned for the resource set. Assuming the two UE panels are facing two opposite directions (the front and back side), such mechanism will allow gNB to instruct UE to find UL beams on one specific panel, either pointing to the front side or the back side. On this line, if the UL beam indication framework in Rel-15 is not to be further enhanced, subsequent UL beam indication can reuse existing spatial relation indication framework, and the SRS resource contained in spatial relation implicitly refers to a UE panel without a need to explicitly include a panel ID. In addition, as PDCCH ordered PRACH is configured without spatial relation, the same method can be applied to get panel specific TA measurement.


Figure 1. Illustration of panel identifier Alt.3.3 (ID assigned for a target RS resource or set)
·  Alt-3.4: a panel ID which is additionally configured in spatial relation info 
This is one most common usage in our understanding. Spatial relation info, containing either SSB or CSI-RS or SRS index, is used to indicate UL Tx beam for the transmission of SRS and PUCCH resources in Rel-15. UE should use the Rx beam used for receiving SSB or CSI-RS to transmit the corresponding SRS or PUCCH. However, there is no information about which panel is used for SSB or CSI-RS reception for gNB. Including an additional and optional panel-ID within the spatial relation info can help indicating panel-specific UL transmission, assuming one ID corresponds to one UE Tx panel. 
Additionally, UE can derive the panel ID from the RS included in the spatial relation info implicitly. For example, for a UL signal configured with spatial relation info, if the spatial relation info include a SRS, which has been configured with a panel ID, UE can use the panel ID for the UL signal transmission.
Based on the discussions above, we have the following proposal:
Proposal 7: Support applying the new panel-ID to the transmission for a target UL RS resource/channel by
· configuring explicit panel-ID in PDCCH ordered PRACH
· configuring explicit panel-ID in spatial relation info of SRS resource and PUCCH resource
· configuring explicit panel-ID in SRS resource and PUCCH resource without spatial relation info
· implicitly indication from the reference SRS included in spatial relation info if this SRS is configured with a panel-ID

UE panel activation/deactivation
UE may turn off its panels for power-saving purpose and a sufficient time period is needed to reactivate them. To this end, in Rel-15, two large values (224 and 336 symbols, i.e., 2 and 3 ms) were supported in UE capability reporting (beamSwitchTiming) for A-CSI-RS beam switching, so that UE can train its Rx beams on the panels which was previously turned off. However, such reporting is almost one-shot. If a large value was reported, when triggering aperiodic CSI-RS, a large delay always needs to be reserved, which is a bit restrictive. 
Similar situation can also be found in UL transmission. Without any information of UE panel status, when triggering an aperiodic SRS or scheduling PUCCH/PUSCH transmission, a relatively large delay, no smaller than UE reported Tx panel activation latency, should be always considered, to solve the potential issue that this transmission is to be performed on a deactivated UE panel. Therefore, it is desirable to have aligned understanding on UE panel status between gNB and UE for better scheduling decisions. 
How to align the panel status between gNB and UE is a remaining issue that needs to be defined. For Rel-16, it was agreed in RAN1#96bis that UE can control its panel activation/deactivation. Thus, the panel status can be reported from UE to gNB, including activation and/or deactivation information. Different methods can be considered for panel status reporting, as discussed below.
One way is to configure an independent procedure for panel status reporting, which can be a periodic reporting or aperiodic reporting. However, if it is periodic reporting, how to configure a proper periodicity to match UE panel activation/deactivation behavior needs to be further discussed. By aperiodic reporting, UE can report panel status when it has changed, such as, using MAC CE to convey its panel status.
Another way is to report panel status using existing UL transmission occasions in Rel-15, like beam management, BFR, RACH, without the need to introduce extra procedure. Some detailed solutions are:
· Beam reporting procedure is inherently appropriate for UE panel status reporting. Considering fast channel variation due to the mobility/rotation of UE, gNB may configure UE to perform DL beam measurement and reporting periodically. Thus, the panel status information can be reported along with SSBRI/CRI and L1-RSRP. 
· Beam failure recovery procedure can also be used for UE panel status reporting. When beam failure happens, UE may switch to a new panel, and this information can be reported via BFRQ. For example, panel status can be reported along with new beam in BFRQ information for SCell BFR.
· RACH procedure can also be used for panel status reporting as RACH is needed panel specific TA alignment for a newly activated panel. For example, when a panel is (re)activated, it should acquire the TA of the panel as it may be different from the old panel. The UE can use the newly activated UE panel to send PRACH, during which TA alignment of the newly activated panel and panel status reporting can be performed jointly.
Proposal 8: Down select from or merge the following options of UE panel status reporting
· Option 1: UE panel status reporting via a new independent procedure, such MAC CE.
· Option 2: UE panel status reporting can be performed with existing UL transmission occasions, like beam reporting, BFR, RACH, etc.
Beside UE-reported panel status, it may also be beneficial to allow gNB to control UE panel status, as gNB has more information of UL transmission environment like receiving beam directions used for UL channels and UL interference condition. For example, if UL signal transmitted via one activated panel cannot be received by gNB for a long time, gNB may require UE to activate another panel for UL transmission. Especially for non-beam correspondence case, supporting gNB-controlled UE panel management is of many advantages. Additionally, UE can make the final decision on whether to accept gNB instruction/assistance. 
To align the panel status between gNB and UE, the effective time for panel status reported by UE or indicated by gNB should be defined. One possible solution is that when UE report panel status, the panel status is effective. However, if UE report a new panel status and gNB didn’t receive it, gNB may still consider UE keeps the old panel status for UL transmission, which will lead to misunderstanding on panel status between gNB and UE. For example, the original UE panel#1 is in activated state, UE report a panel status indicate that panel#1 switches from activated state to deactivated state, and gNB didn't receive the panel status report. Then, gNB may consider the panel can still be used for UL signal transmission without reserving an extra delay for panel activation before scheduled UL transmission. To avoid such a misunderstanding issue, a response corresponding to the panel status report can be transmitted from gNB, and UE shall assume the reported panel status is effective after it receives such response. 
Proposal 9: UE shall assume the reported panel status is effective only after receiving the gNB response to the panel status reporting.
For gNB-controlled UE panel management, the effective timing is related to the panel indication method. Thus, the effective timing can be discussed after the panel status indication solution is determined.

Uplink timing/power control
Beam-specific power control has been supported in Rel-15. Specifically, DL pathloss is estimated according to a configured RS transmitted with a specific beam, and power adjustment is based on UL beam indication. The framework of beam-specific power control should be extended to support multi-UE-panel operation. For instance, multiple loops of pathloss estimation can be considered to support panel-based UL transmission, with possible switching across multiple loops. 
In RAN1#96b, there was a FFS on whether to support panel-specific RACH transmission. In our view, this functionality is naturally needed, as maintaining proper timing from PDCCH-ordered RACH is the basis for successful demodulation of subsequent SRS/PUCCH/SRS transmissions. To be specific, if we use same timing advance across panels/beams, demodulation performance may be impacted. As shown in the figure below, a larger TA offset for Tx beam#1 on Panel#1 and a smaller TA offset for Tx beam#2 on Panel#2 can be indicated. To this end, UE may need to maintain an independent TA loop for each UE panel. Compared with RACH, the measurement accuracy from SRS is likely not enough in our view. 
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Figure 2. Illustration of panel/beam-specific timing control
TA alignment is needed when a panel is newly activated. Both contention based RACH (CBRA) and contention free RACH (CFRA) can be considered for TA alignment. Specifically, if the panel activation is controlled by the UE itself, CBRA should be performed, where the UE initiate a CBRA procedure with the newly activated panel to measure the TA on the corresponding panel. Moreover, the ID of the newly activated panel can also be reported during this procedure. 
On the other hand, if the panel activation is controlled by the network, the gNB can indicate the ID of the panel to be activated and an associated contention free preamble to the UE. Then the UE can activate the panel and send the indicated preamble for TA alignment.
Based on the discussions in previous subsections, we have the following proposal:
Proposal 10: Support panel specific power control, and support panel-specific TA measurement via contention-free and contention-based RACH procedure. 

DL BM with L1-SINR
The discussions on L1-SINR based beam selection in Rel-16 are mainly for performance enhancement by exploiting the interference awareness especially for the intra-cell beam-based multi-user transmissions. There are 3 types of interference measurement, namely NZP CSI-RS based interference measurement, ZP CSI-RS based interference measurement and ZP+NZP CSI-RS based interference measurement. As discussed in [4], ZP CSI-RS based interference measurement is not proper for L1-SINR based beam management due to the overhead issue and measurement accuracy issue. On the other hand, NZP CSI-RS based interference measurement and NZP+ZP CSI-RS based interference measurement are more beneficial for interference measurement by emulating the interference from different beams. In the last meeting, both NZP IMR only and ZP IMR only configurations are agreed, and the ZP+NZP CSI-RS based interference measurement is agreed as a working assumption.
NZP CSI-RS is a proper choice for inter-beam interference measurement or inter-cell interference measurement (with planning or coordination), since using NZP CSI-RS can easily emulate the interfering beams. In the case that the inter-cell interference is massive and without inter-cell planning or coordination, the inter-cell interference can be treated as averaged noise, which can be evaluated on the ZP CSI-RS resource. Meanwhile, the inter-beam interference in a cell can be measured accurately by emulations using NZP CSI-RS. So, in such a case, NZP CSI-RS for inter-beam interference measurement in a cell and ZP CSI-RS for inter-cell interference measurement should be supported.
One concern to support NZP+ZP IMR in last meeting is the overhead issue, please note that the ZP CSI-RS is already restricted to only one in the working assumption. By the way, ZP IMR only interference measurement would introduce much higher overhead, due to the fact that ZP CSI-RS pattern is not aligned with channel measurement RS and thus different beams cannot be distinguished in the same ZP IMR (for ZP CSI-RS UE only measures the total power). So, the overhead should not be an issue for ZP+NZP CSI-RS based interference measurement.
Proposal 11: The working assumption of ZP+NZP CSI-RS for interference measurement in L1-SINR based beam management should be confirmed. 

Resource configuration
CMR and IMR is resource-wise QCLed with respect to 'QCL-TypeD' for CSI acquisition in Rel-15, which restricted that the signal and interference for a RI/PMI/CQI calculation should be measured with the same UE Rx beam. In Rel-16, for L1-SINR calculation, the signal and interference should be measured with a same UE Rx beam too. However, the number of resources required for beam management is much higher than the number of resources required for CSI acquisition, since beam searching needs measurements of many different combinations of Tx and Rx beams and CSI acquisition is only carried out after a few good beam pair link established. If UE can only measure interference on one IMR for L1-SINR calculation, it is unlikely to obtain accurate interference information, because many potential interfering beams may be neglected. It is therefore too restrictive to keep the one-to-one mapping between CMR and IMR for L1-SINR calculation, meanwhile, it may introduce a higher resource overhead to emulate all the possible combinations of the signal part and interference part. On the other hand, to have more flexibility, UE can be configured to measure interference on a set or a subset of IMRs configured for L1-SINR calculation with different CMRs.
Observation 2: For L1-SINR, there is no need to restrict to one-to-one mapping between CMR and IMR, and IMRs can be shared for interference measurement of different CMRs.
For example, the following two cases can be considered if the configuration of IMR(s) is different.
Case 1: IMRs are configured with QCL-TypeD indication
UE can use the same Rx beam for the reception of CMRs and IMRs if they are configured with the same TCI state. For example, during the procedure of gNB Tx beam training, when all the CMRs are configured with the same TCI-state, UE can measure interference on a subset of IMRs are configured with the same TCI state as the CMRs, which provides the network with control on the CMR/IMR combinations implicitly and also provides UE information to reduce the complexity of L1-SINR calculation. In addition, the amount of configured IMRs can be less than the amount of configured CMRs.
[image: ]
Figure 3. An illustration of Case 1
Proposal 12: IMRs configured with the same TCI as a CMR can be used for L1-SINR calculation of the CMR.
Case 2: IMRs are configured without QCL-TypeD indication
The CMRs measured with different Rx beams (e.g., with different TCI states configured in qcl-Info) cannot share one same IMR for L1-SINR calculation. There is one possibility that the IMRs are configured without any beam related indication. In this case, one possible solution is to configure the IMR(s) with a time offset (e.g., several slot/symbols) after the CMR(s), so that the UE can determine the CMR(s) to be reported and use the Rx beam(s) of the selected CMR(s) to be reported for IMR measurement. With this method, the amount of configured IMRs and the number of combinations UE needs to test can be reduced too, as part of the beam selection has been done with CMR measurements.
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Figure 4. An illustration of Case 2
Proposal 13: For L1-SINR calculation, support UE to determine the Rx beam for IMRs based on the measurement of CMRs, with a time offset between CMRs and IMRs. 
According to the agreement in the previous meeting, one remaining issue is whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement. In our view, NZP CMR can be reused as IMR in some situations. For example, when group based beam reporting is enabled, the UE will report two CMR(s) to the gNB and the gNB may use the two corresponding Tx beams for data transmission. Likely there will be interference between the two CMR/beam(s). Hence, L1-SINR should take the interference between the two CMRs into consideration. In this case, when the UE calculates the L1-SINR of one CMR, the other CMR should be assumed as the interference source.
Proposal 14: When group-based beam reporting is enabled for L1-SINR reporting, support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement.

Report content
In previous meetings, L1-SINR reporting has been supported and whether the IMR(s) used to calculate the L1-SINR should be reported was left for further study. To study the performance of IMR index reporting in addition to L1-SINR reporting, the following cases are evaluated under MU-MIMO scenario via SLS. Simulation parameters are given in the Appendix.
· [bookmark: OLE_LINK79]L1-RSRP: L1-RSRP is reported and L1-RSRP based beam selection is performed for each user, which can be served as Rel-15 baseline. MU scheduling is based on Proportional Fairness (PF).
· L1-SINR: L1-SINR is reported and L1-SINR based beam selection is performed for each user. MU scheduling is based PF principle.
· L1-SINR + IMR: L1-SINR and the corresponding IMR information are reported. L1-SINR based beam selection is performed, and interference avoidance principle is adopted for MU scheduling in addition to PF scheduler. 
Proportional Fairness (PF) principle means maximizing the PF of all scheduled ports. For the L1-RSRP and L1-SINR cases mentioned before, the UEs with the largest PF are selected sequentially without considering the interference among the ports as those interference information is not available.
Interference avoidance principle means the beam pair with strong mutual interference should be excluded in MU scheduling. For example, UE #1 adopting beam #1 for data transmission is scheduled on port #1. Then, a UE should not be scheduled on port #2 if the serving beam of this UE is the strongest interfering beam of beam #1 according to the reported IMR from UE #1. 
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]The result in Figure 5 shows that only 4.9% throughput gain can be obtained with L1-SINR reporting comparing to L1-RSRP reporting. This is due to the fact that, although the selected beam may suffer less interference than the beam selected based on max L1-RSRP, the loss of signal power (i.e., the beam with the largest L1-SINR may have a lower signal power than the beam with the largest L1-RSRP) almost eliminates the potential performance gain. On the other hand, with L1-SINR and corresponding IMR ID reported, a significant performance gain of 22.1% can be achieved, compared to L1-RSRP reporting scheme. This is due to the fact that, the beam pairs with strong mutual interference are excluded in MU scheduling and hence the SINR of data transmission is improved. Besides, in the first two cases, link adaption algorithm cannot perform well as the strong inter-beam interference appears randomly, leading to a higher ratio of retransmission. In the latter case, as the strong interfering beams are excluded, link adaption can be performed in a better way. 
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Figure 5. Performance with different report content
Observation 3: L1-SINR based beam selection can only provide marginal performance gain comparing to R15 baseline. While, around 22% SE gain can be achieved if the IMR used to measure the reported L1-SINR is reported along with the L1-SINR. 
Proposal 15: Support reporting information about NZP IMR(s) used to measure interference along with the L1-SINR reported. 
In last meetings, it was agreed that N CRIs/SSBRIs and corresponding L1-SINR values can be reported. While, the number (M) of L1-SINR values to be reported for each CRI/SSBRI has not been determined yet. The number of L1-SINR for each reported CRI/SSBRI is the tradeoff between reporting overhead and transmission performance. If the number is too small, e.g., M=1, the reported L1-SINR can provide only limited interference information about the reported CMR. Let us consider the following example. For MU scheduling, a UE can select the best N CMR(s) based on L1-RSRP, and then calculate the L1-SINR of the CMR(s) by treating each configured IMR as the interference respectively. The largest M L1-SINR values and the corresponding M IMRs are reported to the gNB. The reported M IMRs are considered to be the M IMRs with the smallest interference to the CMR. With such information, the gNB can enhance the performance of MU scheduling by pairing the beams with small mutual interference. In this case, M is the number of candidate beams that can be paired with the UE serving beam which is associated with the reported CMR. If M is too small, e.g., M=1, the flexibility of MU scheduling will be very limited and thus the performance of data transmission will be degraded. 
Proposal 16: Support reporting more than one L1-SINR values for each reported CMR.
Furthermore, to achieve better performance, reporting L1-RSRP and L1-SINR in the same report was proposed in the previous meeting. It was mentioned that when L1-SINR is low, gNB does not know whether it is caused by low signal power or high interference power, and UE need to report L1-RSRP information for assisting subsequent data transmission. However, the reporting overhead will be doubled and reporting both L1-RSRP and L1-SINR have some information redundancy. Thus, UE can report either L1-RSRP or L1-SINR based on the channel condition. If L1-SINR is low, UE can report L1-RSRP, otherwise UE report L1-SINR. In such case, if low L1-SINR is caused by interference, data transmission can fallback to single beam SU transmission, which will bring better system performance for current channel condition. Especially, within beam management procedure, UE can recommend the transmission mode, such as single-beam SU transmission or multi-beam MU transmission. For example, if L1-SINR is high, UE can recommend multi-beam MU transmission; if L1-SINR is low, UE can recommend single-beam SU transmission, by reporting corresponding L1-RSRP.
Proposal 17: Support UE to report L1-RSRP or L1-SINR based on channel condition (e.g., L1-RSRP is reported if the measured L1-SINR is below a threshold).
Additionally, after the report content for L1-SINR based beam management is determined, the priority rule for the L1-SINR report should be discussed. When the resource carrying L1-SINR report collides with another resource carried other UCI, UE should transmit one of the resource according to some priority rule. 

Beam failure recovery for SCell
It was agreed in RAN1 that there are 2 scenarios important for SCell BFR, which are listed as follows: 
· Scenario 1: SCell with downlink only 
· Scenario 2: SCell with both uplink and downlink 
Major specification efforts are for Scenario 1 till now, and a 2-step mechanism on BFRQ procedure for SCell has been agreed. On the other hand, less progress has been achieved for Scenario 2. It seems the same beam failure recovery mechanism specified in Rel-15 can be reused for SCell in such case since recovery via its own uplink is possible. However, as in Rel-15 RACH transmission on SCell can only be triggered by PDCCH order, Rel-15 BFR mechanism cannot be applied SCell directly. Therefore, the detailed procedure of BFRQ should be revisited for SCell in Scenario 2. As an alternative, after the BFR mechanism for Scenario 1 is finalized, the same mechanism can be applied to Scenario 2. In this section, remaining issues about detailed design for Scenario 1 are presented, in particular, details for BFRQ transmission/retransmission and monitoring of gNB response are discussed respectively. 

Beam failure recovery request (BFRQ)
In Rel-15, contention-free PRACH can be configured/used for PCell BFRQ transmission, where each PRACH is associated with a candidate beam. With beam correspondence, if a UE detects beam failure, it means both the UL and DL are simultaneously obstructed. After UE determines a new beam from the candidate beam list, it will select a PRACH resource associated with the new beam to transmit BFRQ. As beam correspondence exists, the new beam can be used to recover UL. The reliability and robustness of BFRQ can be guaranteed by PRACH transmission for PCell.
On SCell BFRQ, it has been agreed that Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell, Step 2 is carried by MAC CE (WA). The purpose of step 1 is to inform the NW that beam failure occurred, whereas step 2 is used to provide the network with information about new beam information (if present). The working assumption states that new beam information (if present) would be conveyed using MAC CE. In the same MAC CE, the UE would convey which SCell(s) failed.
There are still some remaining issues for SCell BFRQ transmission, such as 
1. Whether to support BFRQ2 (Step 2 BFRQ, a UL MAC CE)-only solution;
2. How to cooperate BFRQ1 (Step 1 BFRQ, a SR-like PUCCH) and BFRQ2;
3. In BFRQ2, how to report the case if no new beam identified and how to report failed CC index;
4. Whether current MAC CE retransmission mechanism is appropriate for SCell BFRQ.
Discussions and solutions on these issues are provided below.
Firstly, there is no need to support BFRQ2-only solution that BFRQ2 is multiplexed in a PUSCH not triggered by BFRQ1. Beam failure is a UE perceived event. If beam failure event happens, UE has to wait for UL grant to allocate PUSCH where gNB has no idea about the event before. gNB may configure PUSCH resource on the failed SCell, and BFRQ2 will not be conveyed successfully. In another aspect, the coding rate configured in the UL grant may be high. The possibility of successful BFRQ2 transmission will be lower than PUCCH or UCI transmission, which may lead to retransmission of BFRQ2 and introduce extra latency. Overall, supporting BFRQ2 not triggered by BFRQ1 seems unnecessary from our perspective.
Observation 4: It seems unnecessary to support MAC CE in step 2 for BFRQ transmission, which is not triggered by PUCCH in step 1.
With BFRQ1 received, gNB can indicate a low coding rate to transmit BFRQ2 and indicate a PUSCH resource on a cell with good quality, which will guarantee the reliability of BFRQ2 transmission. As there are other normal data needs to transmit as well, multiple UL grants may be received by UE. UE need to identify the DCI used to indicate the dedicated PUSCH for BFRQ2 transmission from the normal UL grants, for example, this DCI is scrambled with a specific RNTI or this DCI contains a special combination of certain states of several fields.
Proposal 18: BFRQ transmission in step 2 is scheduled with a specific RNTI or a specific DCI with a special combination of certain states of several fields.
Secondly, regarding the interaction between BFRQ1 and BFRQ2, there can be some further enhancements to reduce the signaling size and overhead. There are at most 31 SCells configured to a UE. If multiple SCells fail simultaneously, MAC CE should carry the information of multiple failed SCell in one reporting instance. However, there is the case that only one SCell fails, and information of one failed SCell is included in MAC CE. It seems the payload of MAC CE for beam failure recovery changes with the number of SCell that beam failure happens. Assuming 31 SCells are configured for BFR, and 64 candidate beams are configured by RRC signaling for new beam identification of each SCell, the payload size of BFRQ2 may vary from 11 to 341 bits. The PUSCH resource used for BFRQ2 transmission allocated by gNB, may not match the payload size of failed SCell(s) information. To improve the efficiency of resource allocation, BFRQ1 can be used to indicate a rough payload information. For example, if the number of failed SCell is 1, a field in BFRQ1 can be 0 and the BFRQ2 should be carried by a short MAC CE, else the field in BFRQ1 can be 1 and the BFRQ2 should be carried by a long MAC CE. 
Proposal 19: BFRQ in step 1 can be used to indicate a rough payload size of BFRQ in step 2.
Thirdly, in RAN1#96bis, it has been agreed up to 64 candidate beams can be configured for BFR per BWP, which means that one new beam information needs at least 6 bits. If the number of failed SCell is N and no new beam is identified for either of them, 6*N bits will be wasted. Additionally, according to the agreement in last meeting, when no new beam identified from the candidate beams, UE should report the no new beam identified event. Thus, to reduce the overhead of BFRQ2 carried by MAC CE, a variable size of MAC CE can be supported and 1 bit can be used for each failed SCell to indicate whether a new beam information is reported together with the failed SCell index in the MAC CE. 
Proposal 20: 1 bit for each failed SCell can be included in MAC CE for BFRQ to indicate whether a new beam for the SCell is appended in this MAC CE.
In addition, maximum 31 SCells can be configured for Rel-15/16 UE, then 5-bit payload should be reserved to report a SCell ID. However, it is not a usual situation that all 31 SCells are activated for a UE at the same time, which makes a variable payload more attractive. Since both gNB and UE have the common understanding on the number of activated SCells, for example, via Rel-15 SCell activation/deactivation mechanism, one failed CC index can be expressed within a log2(N_max) bit length, where N_max is the total number of activated SCells.
Proposal 21: The failed CC index(es) should be only selected from activated SCells, i.e., N_max equals the total number of activated SCells, for SCell BFR.
Fourthly, high reliability and low latency are both required for BFR. In Rel-15, a response window is configured to control the time of BFRQ retransmission. After BFRQ transmission, UE can detect the response of BFRQ, which we called BFRR, in this paper. If UE can detect a BFRR within the window, BFR is successful. If UE does not detect BFRR in the window, UE can retransmit BFRQ with a higher power or transmit a new BFRQ associated with another new beam. A maximum number of BFRQ transmission and a BFR timer are configured to control the time for the whole BFR procedure. If no BFRR is received by UE after the number of BFRQ transmission reaching the maximum value or BFR timer is expired, BFR is unsuccessful and BFR procedure will stop. 
Similar mechanism could be introduced to SCell BFR. First of all, the transmission reliability of BFRQ1 (Step 1 BFRQ, a SR-like PUCCH) is higher than BFRQ2 (Step 2 BFRQ, a UL MAC CE), thus we focus on the reliability and latency of BFRQ2 transmission. Rel-15 specified UL MAC CE signalling does not guarantee a fast retransmission, which is critical to BFR functionality. A time window, similar as ra-ResponseWindow configured in BeamFailureRecoveryConfig, is needed as shown in Figure 6, where UE can monitor DCI scheduling BFRQ2 retransmission on PCell and BFRR as the indication of a successful BFR on SCell. If UE cannot receive either the DCI for BFRQ2 retransmission or the BFRR during the time window, it means the BFRQ2 has not successfully reached gNB. Then, UE can retransmit BFRQ1 to request a new PUSCH resource for BFRQ2 transmission. With this time window, the overall latency of SCell BFRQ transmission can be controlled and the reliability is also improved.


Figure 6. Retransmission mechanism for 2 step BFRQ
Based on the discussions above, we have the following proposal:
Proposal 22: A time window starting from the transmission of MAC CE for BFRQ should be introduced to reduce the latency of retransmission.

[bookmark: OLE_LINK12]Beam failure recovery response (BFRR)
For receiving beam failure recovery response, a search space is tagged for this usage in Rel-15. After gNB receives beam failure recovery request, it will transmit a response to the request with the new beam identified. After UE transmits beam failure recovery request in slot n, UE will monitor the response on the tagged search space from slot n+4 within a configured window. If BFRR is received, BFR can be considered successfully and BFR procedure can be stopped. To stop BFR procedure in time or verify the new beam carried by BFRQ is effective, BFRR should be introduced to SCell BFR procedure. 
[bookmark: OLE_LINK8]For beam failure recovery response transmission for SCell, it has been discussed where the search space carrying beam failure recovery response should be placed, i.e., on SCell or PCell. As discussed before, if the UE can receive the beam failure recovery response to MAC CE for BFRQ from gNB, it represents the new beam identified by UE can be used for PDCCH transmission on SCell. For this reason, the beam failure recovery response should be transmitted on the SCell where beam failure happened. Thus, allocating the search space and CORESET on SCell to carry beam failure recovery response seems more appropriate. 
Proposal 23: Beam failure recovery response to MAC CE for beam failure recovery request is needed for SCell BFR, which is monitored on the failed SCell.

Summary of proposals
The observations and proposals of this paper are summarized as follows. 
Latency/overhead reduction
Proposal 1: For configuring/updating spatial relation per group of PUCCH resources, instead of introducing explicit PUCCH groups, support implicitly grouping PUCCH resources with same spatial relation configured before.
Proposal 2: For latency/overhead reduction, support UE to determine pathlossReferenceRS when it receives MAC CE based spatial relation update of SRS spatial relation.
Proposal 3: For latency/overhead reduction, support the following default UE behaviors 
· To transmit SRS resources with different Tx beams if spatial relation is not configured for SRS resources in a SRS resource set with usage as ‘beamManagement’
· To update Tx beam when active DL TCI state is changed, at least for UEs supporting only one active beam
Proposal 4: For latency/overhead reduction, support simultaneous TCI states activation and selection across multiple CCs. 
Proposal 5: For latency/overhead reduction, support UE to additionally report the max number of SSB/CSI-RS resources across all CCs within a slot, irrespective of 1Tx or 2Tx.
Panel-based UL beam selection
Observation 1: It is not necessary to introduce TCI for UL as there is no additional useful information provided by the UL-TCI.
[bookmark: _GoBack]Proposal 6: For panel-specific UL transmission, support introducing a new panel-ID, and do not support introducing a UL-TCI framework. 
Proposal 7: Support applying the new panel-ID to the transmission for a target UL RS resource/channel by
· configuring explicit panel-ID in PDCCH ordered PRACH
· configuring explicit panel-ID in spatial relation info of SRS resource and PUCCH resource
· configuring explicit panel-ID in SRS resource and PUCCH resource without spatial relation info
· implicitly indication from the reference SRS included in spatial relation info if this SRS is configured with a panel-ID
Proposal 8: Down select from or merge the following options of UE panel status reporting
· Option 1: UE panel status reporting via a new independent procedure, such MAC CE.
· Option 2: UE panel status reporting can be performed with existing UL transmission occasions, like beam reporting, BFR, RACH, etc.
Proposal 9: UE shall assume the reported panel status is effective only after receiving the gNB response to the panel status reporting.
Proposal 10: Support panel specific power control, and support panel-specific TA measurement via contention-free and contention-based RACH procedure. 
DL BM with L1-SINR
Observation 2: For L1-SINR, there is no need to restrict to one-to-one mapping between CMR and IMR, and IMRs can be shared for interference measurement of different CMRs.
Observation 3: L1-SINR based beam selection can only provide marginal performance gain comparing to R15 baseline. While, around 22% SE gain can be achieved if the IMR used to measure the reported L1-SINR is reported along with the L1-SINR. 
Proposal 11: The working assumption of ZP+NZP CSI-RS for interference measurement in L1-SINR based beam management should be confirmed. 
Proposal 12: IMRs configured with the same TCI as a CMR can be used for L1-SINR calculation of the CMR.
Proposal 13: For L1-SINR calculation, support UE to determine the Rx beam for IMRs based on the measurement of CMRs, with a time offset between CMRs and IMRs. 
Proposal 14: When group-based beam reporting is enabled for L1-SINR reporting, support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement.
Proposal 15: Support reporting information about NZP IMR(s) used to measure interference along with the L1-SINR reported. 
Proposal 16: Support reporting more than one L1-SINR values for each reported CMR.
Proposal 17: Support UE to report L1-RSRP or L1-SINR based on channel condition (e.g., L1-RSRP is reported if the measured L1-SINR is below a threshold).
Beam failure recovery for Scell
Observation 4: It seems unnecessary to support MAC CE in step 2 for BFRQ transmission, which is not triggered by PUCCH in step 1.
Proposal 18: BFRQ transmission in step 2 is scheduled with a specific RNTI or a specific DCI with a special combination of certain states of several fields.
Proposal 19: BFRQ in step 1 can be used to indicate a rough payload size of BFRQ in step 2.
Proposal 20: 1 bit for each failed SCell can be included in MAC CE for BFRQ to indicate whether a new beam for the SCell is appended in this MAC CE.
Proposal 21: The failed CC index(es) should be only selected from activated SCells, i.e., N_max equals the total number of activated SCells, for SCell BFR.
Proposal 22: A time window starting from the transmission of MAC CE for BFRQ should be introduced to reduce the latency of retransmission.
Proposal 23: Beam failure recovery response to MAC CE for beam failure recovery request is needed for SCell BFR, which is monitored on the failed SCell.
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Appendix	
	Parameters
	Values

	Scenarios 
	Dense Urban Macro layer only (agreed in RAN1 #95)

	Mode
	DL MU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	120kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	TXRU mapping weights
	DFT

	Criteria for selection for serving TRP
	L1-RSRP based

	Criteria for beam selection for serving TRP
	L1-RSRP or L1-SINR based

	Constraints for the range of selective beams per TRP sector
	(-60, 60) degree in horizon, (-15, 15) degree in vertical

	Scheduling algorithm
	PF based MU scheduling

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	Full buffer

	BS antenna configurations
	[bookmark: _Hlk526726552](M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Note: important to consider also other antenna configurations to maintain flexibility

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Beam correspondence
	Yes

	Control and RS overhead
	Calculated according to the period of RS

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT

	Transmission scheme
	Rank adaptation with up to 2 layer

	UE mobility feature
	30km/h
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