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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 and outcome have been achieved during last few RAN1 meetings and the email discussion after RAN1#98:
RAN1#96
Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results
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
Email discussion outcome
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes in RAN1 #98b:
· Option 1a: CMR and IMR are 1-to-1 mapped
· 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: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· 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'
· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· [Option 2b: 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
· For each SINR, interference is measured based on one selected/reported IMR
· 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: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]
· [Option 2c: 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 M*K IMR(s)
· UE measures N CMR(s) firstly, and selects K CMR(s) based on L1-RSRP. Then, the L1-SINR of K CMR(s) are calculated with the M*K IMR(s), where CMR(s) and IMR(s) are 1:M mapped in order.
· For each SINR, interference is measured based on selected/reported NZP-IMR
· 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: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]
· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs
· In a CSI-reportConfig, gNB configures a list of NK CMR(s) and another list of N NZP-IMR(s). They are K:1 mapped in order.
· For each SINR, interference is measured based on associated one IMR for a CMR.
· UE may assume that the K NZP CSI-RS resource(s) for channel measurement and NZP CSI-RS resource for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
In addition, regarding the update of pathloss reference RS for PUSCH/SRS via MAC CE, the following were agreed:
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.
Agreement
Continue discussion on the support of updating pathloss RSs for power control for PUSCH and SRS via MAC-CE, including the following candidates until RAN1#98bis:
· Option 1: For codebook based PUSCH transmission, the pathloss RS follows DL RS in spatial relation associated with SRI indicated in scheduling DCI, if the pathloss RS is not configured and periodic DL RS is configured in the spatial relation.
· FFS: the cases of non-codebook based PUSCH, SRS
· Option 2: Pathloss RS is associated/configured for downlink RS in spatial relation info.
· gNB can configure more than 4 pathloss RSs.
· Option 3: At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE
· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE
· FFS on whether to support the number of configured pathloss RSs are more than four.
· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.
· Option 4: Support updating TCI state for periodic CSI-RS by MAC CE.
· Note: The periodic CSI-RS is used for pathloss reference.
· Option 5: Support semi-persistent CSI-RS for pathloss reference RS.
· Note: Baseline is that the same transmission power is applied within SRS resource set (same as Rel-15).
In this contribution, these two aspects, i.e., L1-SINR based beam report and update of pathloss reference RS for PUSCH/SRS via MAC CE, are discussed in details.
Discussion on L1-SINR based beam report
We start by providing a more concise summary of the status (not to be exhaustive but the ones most relevant to this contribution), in which the highlighted are agreed while the others are still open:
· A report with up to N reported SSBRI/CRIs and corresponding L1-SINR values
· Without dedicated IMR: CMR is based on CSI-RS with density 3 REs/RB for 1-port CSI-RS
· Interference is measured on the CMR
· With dedicated IMR: CMR is based on SSB or CSI-RS
· IMR based on only ZP IMR: CMR and IMR are 1-to-1 mapped
· (WA) IMR based on both ZP and NZP IMR: only 1 ZP IMR
· IMR based on only NZP IMR: with only density 3 REs/RB CSI-RS
· Option 1: CMR and IMR are 1-to-1 mapped
· Option 2a: CMR can be mapped to 1 or more than 1 IMRs, and interference is accumulated on all IMRs
· [Option 2b: CMR can be mapped to 1 or more than 1 IMRs, and 1 IMR is selected]
· [Option 2c: CMR can be mapped to 1 or more than 1 IMRs, and K CMRs out of N are selected and then 1 IMR is selected for each CMR]
· Option 3: 1 IMR can be  mapped to 1 or more than 1 CMRs
· Each NZP IMR port corresponds to an interference transmission layer
Essential UE assumptions on interference measurement
UE assumptions on interference measurement are yet to be agreed. We note that this is essential to all the options and use cases, and it is necessary to standardize the essential UE assumptions. Though the options and use cases can be very diverse, it is relatively less controversial to identify and specify the essential UE assumptions than discussing much diversified use cases and options. This is because the essential UE assumptions, if captured properly in standards, state only fundamental facts about how interference exists on measurement resources, and such facts hold true universally in various use cases. 
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 to consider the past agreement as a starting point for essential UE assumptions. The essential UE assumptions 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 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 were confusions 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.
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 case of NZP-IMR only
The options for NZP-IMR only are quite diverse. To facilitate progress, we need to analyze what are indispensable to support as many use cases as possible, what can be substituted by other means (though potentially with higher overhead or complexity), what are awaiting agreements on other designs, etc. We have the following discussions:
· Interference accumulation on more than one NZP IMR is indispensable
There always exist scenarios that strong interference comes from more than one interferer, such as from multiple neighbouring TRPs. 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. 
Therefore, Option 1 is not sufficient.
· For the same IMR, multiple SINRs based on multiple CMRs are not indispensable
It is well recognized that for the same IMR, multiple SINRs based on multiple CMRs can be beneficial, at least for overhead reduction purpose. However, this is not indispensable, especially since multiple L1 RSRPs for the CMRs can be reported and hence the network can derive other SINRs based on one reported SINR.
Therefore, Option 3 is not necessary.
· IMR index reporting is not (yet) agreed
To allow the UE to select one out of multiple IMRs, it is necessary to enable IMR index reporting. Given the time limit and uncertainty, Option 2b and Option 2c are not preferred.
· IMR selection and/or CMR selection are not indispensable
More generally, IMR selection and/or CMR selection at the UE are not indispensable since the network can configure more reporting, albeit at the price of higher overhead. 
Given the above discussions, Option 2a is preferred. Note that the statement “For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)” in Option 2a needs not be explicitly captured in standards since it is already consistent with “Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer”.
[bookmark: _Ref129681832]Proposal 2: For L1-SINR based beam report based on NZP IMR only, support 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'
· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)
· [bookmark: _GoBack]Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.

Discussion on update of pathloss reference RS for PUSCH/SRS via MAC CE
The update of PL RS for PUSCH/SRS via MAC CE has been discussed, and multiple options have been provided. Most of the options are quite reasonable and can be considered for standardization. However, to support update of PL RS for PUSCH/SRS via MAC CE, it is necessary to also support L1-RSRP (as opposed to L3-RSRP) based on the PL RS. The justifications are provided below.
The alternative to L1-RSRP measurement for PUSCH/SRS is L3-RSRP measurement. It is well known that L3-RSRP measurement generally takes hundreds of milliseconds to generate. When a new PL RS is activated via MAC CE due to a change of the active beam, relying on L3-RSRP measurement for PUSCH/SRS would imply that no PUSCH/SRS can be transmitted associated with the new beam. Even if the standards allow the UE to transmit PUSCH/SRS based on the old beam’s L3-RSRP measurement, when the UE would complete the new beam’s L3-RSRP measurement and start the new power control for PUSCH/SRS is unknown/uncontrollable to the network, which may cause network operation issues. In general, the PL RS update for PUSCH/SRS via MAC CE can be completed in milliseconds or tens of milliseconds time scale, and it makes sense to support measurement in similar time scales rather than in much longer time scales.
Proposal 3: Support L1-RSRP measurement for PUSCH/SRS UL PC if update of PL RS via MAC CE is supported.
Conclusion
In this contribution, we discussed two aspects for multi-beam operation enhancements, i.e., L1-SINR based beam report and update of PL RS for PUSCH/SRS 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: For L1-SINR based beam report based on NZP IMR only, support 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'
· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)
· Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
Proposal 3: Support L1-RSRP measurement for PUSCH/SRS UL PC if update of PL RS via MAC CE is supported.
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