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Many aspects of multi-beam operation enhancements have been discussed in RAN1 Rel-17 MIMO WI. In particular, regarding L1-SINR based beam report, the following agreements have been achieved during last few RAN1 meetings:
RAN1#97
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
RAN1#98
Agreement
When gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the following report format is supported.
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported



· FFS: range and step size of differential SINR
· Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1
· The SINR #1 is the largest SINR among reported SINRs
· The range of SINR is [-23, 40] dB
· The SINR is quantized based on what is specified in 38.133
Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective
RAN1#98bis
Agreement
For NZP-IMR based interference measurement, option 1a is supported
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Whether QCL-TypeD can be configured to each NZP IMR
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS: Additional support of option 2a (without RRC signalling impact)
Note: There is no consensus in RAN1 on the support of option 2b/2c (which introduces IMR index reporting for L1-SINR)
Conclusion
How to measure interference for L1-SINR from configured ZP/NZP IMR resources is up to UE implementation.
In addition, regarding the simultaneous TCI state activation and spatial relation update via MAC CE, the following were agreed:
Agreement
Confirm the working assumption made in RAN1#97, with the following updates.
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 within RAN1#98bis, only up to two groups will be supported in Rel-16
· Note: the terminology of “group” may or may not be in specifications.

Agreement
At least for the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE, explicit higher layer signalling on PUCCH resource grouping is supported.
· Signalling details are up to RAN2

Agreement
For the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE,
· Support up to 4 groups per BWP.

Conclusion
For the agreed feature of single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs,
· In the RRC perspective, the candidate (up to 128) TCI-states are still independently configurable by RRC for each CC/BWP.
Agreement
When a set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the same set of TCI-state IDs are applied for the all BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability

Agreement
When a TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same PDCCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.

Agreement
For the purpose of simultaneous TCI state activation across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· Send LS to RAN2 to inform above


Working assumption:
When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS on the power control details (without RAN2 impact)

Working assumption:
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· The lists are independent from those for simultaneous TCI state activation
· Send LS to RAN2 to inform above
In this contribution, these two aspects, i.e., L1-SINR based beam report and TCI state activation and spatial relation update, are discussed in details.
Discussion on L1-SINR based beam report
Essential UE assumptions on interference measurement
It has been agreed that UE behavior / UE implementation for L1-SINR interference measurement on ZP/NZP IMRs does not need to be standardized and should be up to UE implementation. In order to support this agreement, essential UE assumptions on interference measurement have to be specified in the standards; otherwise the UE does not have necessary information about how to process the IMRs. UE assumptions on interference measurement have not been agreed, and it is necessary to agree on this to complete the standardization of this feature.
The key principle for standardizing the essential UE assumptions is that the standards should state only fundamental facts about how interference exists on measurement resources, and such facts hold true universally in various use cases and implementations. The essential UE assumptions shall not regulate how the UE performs the measurement but methods for performing the measurement can be correctly derived from the essential UE assumptions to obtain meaningful results intended by the standards.
To this aim, we point out that this L1-SINR based beam report problem highly resembles that associated with channel/interference measurement for CSI acquisition in Rel-15, see e.g., [1][2]. Both problems are about configuration of CMR(s) and IMR(s) (e.g., ZP and/or NZP) for computing SINR. Therefore, we suggest considering the past agreement as a starting point for essential UE assumptions. The essential UE assumptions for CSI are captured in TS 38.214 as follows:
	[bookmark: _Toc4508121]5.2.1.4.1	Resource Setting configuration
For CSI measurement(s), a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on NZP CSI-RS ports for interference measurement take into account the associated EPRE ratios configured in 5.2.2.3.1; 
-	other interference signal on REs of NZP CSI-RS resource for channel measurement, NZP CSI-RS resource for interference measurement, or CSI-IM resource for interference measurement.


In essence, the standards specify UE assumptions that the UE experiences interference on NZP IMR (each NZP port is an interference layer) and also on all measurement resources (interference not related to the interference layers are on all measurement resources including CMR and ZP/NZP IMR). Note that specifying these essential UE assumptions does not limit UE behavior / UE implementation; rather, specifying essential UE assumptions leaves more room for a variety of UE behavior to be implemented by UE vendors. For example, whether a UE needs to first extract the sequence of a NZP IMR and then estimate the residue interference (i.e., other interference) does not need to be standardized if the above assumptions are specified. For L1 SINR estimation, the UE may estimate the sequence power / residual power separately, or the powers jointly, or the total power, or even the SINR directly, all with quite different algorithms/implementations/capabilities but the same underlying assumptions. 
Additionally, the essential UE assumptions are applicable in broad use cases rather universally and can help simplify design/implementation. For instance, there was confusion regarding NZP IMR vs ZP IMR for L1 SINR. However, Rel-15 CSI acquisition already allows for cases including NZP IMR only, ZP IMR only, and NZP+ZP IMRs, and all cases work well under the essential UE assumptions. The L1 SINR cases can be clarified / supported likewise. With the knowledge of what interference is on which measurement resources, the UE can then correctly estimate the interference and hence SINR.
The flexibility arising from specifying only the essential UE assumptions is not only useful as described above, but also necessary in some scenarios. For example, if the NZP IMR sequence is received with low power, the extraction-subtraction type of algorithm for estimating the sequence power / residual power may become unreliable, and thus the L1 SINR may have to be estimated based on the total power on the NZP IMR. Exactly when to perform extraction-subtraction or total power estimation for deriving L1 SINR depends on the implementation algorithm and varies from UE to UE, which is difficult (if not at all impossible) to standardize. For another example, some UEs may not be capable of detecting many NZP sequences at one time, and has to rely on total power estimation on some NZP IMRs. For yet another example, even if a UE can detect NZP sequences on NZP IMRs, it may choose to only perform total power estimation to reduce its complexity and power consumption. To conclude, it is necessary to leave more room for implementation by specifying only the essential UE assumptions in the standards.
Thus, the following FFS should be confirmed/agreed, which should be applied to the case of NZP IMR only and the case of NZP+ZP IMRs:
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
The reason for the necessity of this UE assumption is obvious. A NZP IMR is configured with NZP CSI-RS port(s), sequence, EPRE ratio, etc. The UE has to know how to interpret these parameters before it can correctly utilize them. By the same token, the other two essential UE assumptions on interference measurement included in 5.2.1.4.1 TS 38.214 should also be included for L1-SINR based beam reporting.
Therefore, we propose to reuse the fundamental UE assumptions supported in Rel-15:
Proposal 1: For L1-SINR based beam report, a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on NZP CSI-RS ports for interference measurement take into account the associated EPRE ratios configured for the NZP CSI-RS ports, respectively; 
-	other interference signal on REs of NZP CSI-RS resource for channel measurement, NZP CSI-RS resource for interference measurement, or CSI-IM resource for interference measurement.
The UE assumptions for L1-SINR measurement may be captured as part of the definition of L1 SINR in TS 38.215, or as NOTES to the definition.
The working assumption on of ZP+NZP-IMR for L1 SINR
[bookmark: _Ref129681832]RAN1#97 has the following working assumption agreed:
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
·  (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
In RAN1#98bis, this working assumption was confirmed in offline discussion [3]:
Offline Agreement
Confirm the following working assumption with update:
When dedicated IMR is configured, NW can configure interference measurement for L1-SINR with ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· Note: this ZP IMR is mapped to all configured CMRs
· The mapping between CMR and NZP IMR follows the case for the NZP-IMR only for interference measurement 
However, this was not captured in the final chairman’s notes. This needs to be captured.
Proposal 2: Capture the working assumption on ZP+NZP IMRs for L1-SINR according to RAN1#98bis Offline Agreement.
The FFS on support Option 2a for NZP-IMR only
[bookmark: _GoBack]For NZP-IMR based interference measurement, option 1a is supported, additional support of Option 2a (without RRC signalling impact) is listed as FFS. To see if Option 2a is needed or not, we need to analyze what is indispensable to support typical use cases. 
We point out that interference accumulation on more than one NZP IMR is indispensable for the following reason. There always exist scenarios that strong interference comes from more than one interferer, such as from multiple neighbouring TRPs, or the strong interference is present on more than one port, etc. Since NZP IMR allows only density 3 REs/RB CSI-RS, i.e., 1-port CSI-RS, multiple NZP IMRs are needed for interference measurement of multiple strong interferers. For those scenarios, interference accumulation on more than one NZP IMR is necessary. 
However, Option 1a allows for only 1-port interference to be measured and has very limited use cases, and hence Option 1a alone is not sufficient for typical use cases. Given the above discussions, Option 2a is necessary. 
Proposal 3: For L1-SINR based beam report based on NZP IMR only, support also Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· UE may assume that the NZP CSI-RS resource for channel measurement and the M NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'
· Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
Discussion on simultaneous TCI state activation and spatial relation update via MAC CE
There are still a few open issues regarding the simultaneous TCI state activation and spatial relation update via MAC CE. 
· Implicit vs explicit “grouping” of PUCCH spatial relation
The “group” ID or even the terminology of “group” is clearly not necessary because the implicit “grouping” can already be implied from existing configuration and linking relations, at least for the single TRP case. For multiple TRPs, the configurations of PUCCH spatial relation for different TRPs are naturally separate and the “grouping” can also be implied. Therefore, implicit “grouping” should be supported.
· Number of “groups”
The currently agreed design for up to 2 “groups” can be readily scaled up to more “groups” with very little standardization effort; on the other hand, keeping it to be up to only 2 seems quite restrictive. An advantage of implicit “grouping” without any IDs is that it can work well for any number of “groups” simply based on the configured linking relations. Therefore, more “groups” (at least up to 4) per BWP should be supported. 
· Support for inter-band CA
Signalling overhead reduction by simultaneous update/indication can also be applied to inter-band CA. In addition, for some inter-band CA where the bands are close to each other, the channel / RF characteristics can be very similar among the bands and the properties / configurations / operations for the inter-band CA can resemble intra-band CA. Therefore, inter-band CA should be supported and UE capability can indicate if the UE supports it or not.
· UE capability reporting
The UE capability is a necessary component for this feature to function correctly. The network has to rely on the UE capability reporting to utilize the feature. However the UE capability design is usually done after the feature is fully designed. So the UE capability support can be provided when the FFSs are resolved.
[bookmark: _Hlk23667930]Proposal 4: For the simultaneous TCI state activation and spatial relation update via MAC CE, support
· Implicit “grouping”
· At least up to 4 “groups” per BWP
· Inter-band CA based on UE capability reporting
Conclusion
In this contribution, we discussed two aspects for multi-beam operation enhancements, i.e., L1-SINR based beam report and simultaneous TCI state activation and spatial relation update via MAC CE. The following are proposed:
Proposal 1: For L1-SINR based beam report, a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on NZP CSI-RS ports for interference measurement take into account the associated EPRE ratios configured for the NZP CSI-RS ports, respectively; 
-	other interference signal on REs of NZP CSI-RS resource for channel measurement, NZP CSI-RS resource for interference measurement, or CSI-IM resource for interference measurement.
Proposal 2: Capture the working assumption on ZP+NZP IMRs for L1-SINR according to RAN1#98bis Offline Agreement.
Proposal 3: For L1-SINR based beam report based on NZP IMR only, support also Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· UE may assume that the NZP CSI-RS resource for channel measurement and the M NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'
· Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
Proposal 4: For the simultaneous TCI state activation and spatial relation update via MAC CE, support
· Implicit “grouping”
· At least up to 4 “groups” per BWP
· Inter-band CA based on UE capability reporting
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