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1. Introduction
In RAN#82 meeting, the revised WID for enhancements on MIMO for NR was approved [1], where the focus of this contribution is about the following WI objectives on multi-beam based operations and enhancements:

· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
We discuss potential enhancements on the UL and DL related topics in the following sections.

2. Discussions on UL transmit beam selection for multi-panel operation
	Agreement 
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS

· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID

· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission


In RAN1#95 meeting, the above agreement was made, and the following issue categorization was presented based on the feature lead summary [2] related to this multi-panel/beam operation topic:
1st category (which has been studied/discussed in Rel-15 sufficiently or is a simple extension of Rel-15)

· Issue 2.1: Extending the number of SRS resource or SRS resource set for codebook and non-codebook based UL transmission (e.g., if UE has multiple panels)
2nd category (which needs further study in terms of performance benefit, specification impacts, etc.)

· Issue 2.2: Supporting simultaneous multi-panel UL transmission for PUSCH

· Issue 2.3: Extending power/timing control mechanisms (to be panel-specific) to enable efficient switching/indication among multiple UE panels

· Issue 2.4: UE antenna group(/panel) activation or deactivation mechanism

· Issue 2.5: Multi-panel/beam transmission of PUCCH

2.1. Extending the number of SRS resource or SRS resource set for codebook and non-codebook based UL transmission
Since the major scope of this topic is to facilitate “multi-panel” UE’s efficient/reliable transmission operations, we support this proposal in principle to have better controllability at the gNB side as well as efficient UE transmission support utilizing multiple panels implemented at the UE side.

However, to discuss this issue in details in relation to the above agreed “identifier (ID)” that can be used at least for indicating panel-specific UL transmission (agreed at RAN1#95), it is beneficial to clearly understand what can be supported based on Rel-15 and what cannot be supported in the current specifications so that the proposed enhancements are to be considered in Rel-16.
· Firstly, in Rel-15 specification on SRS-based UL BM, it would be natural that each UE panel corresponds to each configured “SRS resource set”, since multiple SRS resources (corresponding to different beams) are TDMed within a SRS resource set (corresponding to a panel), and different SRS resources in different sets (panels) can be transmitted simultaneously, as described in TS38.214 as follows:
· “When the higher layer parameter usage is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant, the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP can be transmitted simultaneously.”
· Secondly, in Rel-15 specification on SRS power control, it would also be natural that each UE panel corresponds to each configured “SRS resource set”, since power control parameters such as PO, alpha, DL RS for PL are all configurable for each SRS resource set qs in TS38.213.
· Thirdly, in RAN1#95 meeting, the following clarification table on FG 2-30 was agreed, which implies Rel-15 UE can report its capability as up to 4 SRS resource sets (which can correspond up to 4 panels) per supported time domain behavior, which can be transmitted simultaneously.

	Agreements@RAN1#95:

· Add the following clarification to FG 2-30 that limit the number of SRS resource sets per supported time domain behaviour.

Maximum number of SRS resource sets across all time domain behaviour (periodic/semi-persistent/aperiodic) reported in 2-30

Additional constraint on the maximum number of SRS resource sets per supported time domain behaviour (periodic/semi-persistent/aperiodic)
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Observation 1: It is well supported by Rel-15 specifications that each UE Tx panel can correspond to each configured SRS resource set in terms of UE implementation, which can be observed at least by the following spec descriptions and agreements:
· Text on SRS-based UL BM in TS38.214 as “SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP can be transmitted simultaneously”

· Text on SRS power control in TS38.213 as “power control parameters such as PO, alpha, DL RS for PL are all configurable for each SRS resource set qs”
· Agreements made in RAN1#95 on FG 2-30 as “Rel-15 UE can report its capability as up to 4 SRS resource sets (which can correspond up to 4 panels) per supported time domain behavior”

For codebook-based UL in Rel-15, for UEs having common PA across panels, a single beam selection for PUSCH from up to two UE panels (via 1-bit SRI in DCI) is supported. However, dynamic update of spatial relation of SRS is not supported for AP/P SRS (only supported for SP SRS in Rel-15), for which it can be supported by MAC-CE signaling for updating spatial relations of AP/P SRS. It should be noted that a single beam selection for PUSCH from two UE panels (i.e., two SRS resource sets) is NOT supported for UEs having independent PA per panel, due to the above mentioned Rel-15 SRS power control mechanism applicable only with PC parameters configurable per SRS resource set (not per SRS resource level).
Observation 2: For codebook-based UL in Rel-15, a single beam selection for PUSCH from up to two UE panels (via 1-bit SRI in DCI) is only supported for UEs having common PA across panels, but is NOT supported for UEs having independent PA per panel (which has more practical importance) due to Rel-15 SRS PC parameter setting only applicable per SRS resource set level.
Similar discussions and enhancements can also be considered for non-codebook-based UL. For Rel-15 NCB-UL, some degree of ‘multi-beam’ based UL transmissions can be already applicable when each configured SRS resource (limited to 1 port) within the SRS resource set is configured with a different value of spatialRelationInfo depending on gNB implementation. However, the major enabler of NCB-UL with configuring associatedCSI-RS for determining SRS precoders can only be supported by configuring associatedCSI-RS in a SRS resource set level, so that in this case, it can be interpreted as only ‘single-beam’ based NCB-UL transmission is applicable, in combination with indicating digital precoders via SRI(s) in DCI format 0_1.

Similarly to the CB-UL discussed above, potential enhancements for NCB-UL in terms of supporting multi-beam operations need to be considered, including an extension to configure multiple SRS resource sets for NCB-UL with relation to UL scheduling grant. In addition, considering UE implementation cases for which UL Tx panel switching is only applicable across multiple panels, whether and how to support the necessary gap period between panel switching should be carefully discussed. Also, related UE capability reporting issues if any need to be considered together.

Proposal 1: To properly support UEs having independent PA per panel for codebook and non-codebook based UL, agree either one of the following:

· Alt.1: Support configuration of up to X SRS resource sets (X>1) for the same time domain behaviour (periodic, semi-persistent, or aperiodic) for both codebook based UL and non-codebook based UL.
· Alt.2: Support independent PC parameter setting for different SRS resource(s) within a single SRS resource set for both codebook based UL and non-codebook based UL.
Since Alt.2 has demerits of causing conflicts to Rel-15 behaviours such as SRS resource set based PC for BM (to have a common PC within a set for proper beam sweeping), our preference is to support Alt.1 for Rel-16.
2.2. Supporting simultaneous multi-panel UL transmission for PUSCH
As discussed above, when a UE is configured with a SRS resource set for codebook-based UL, for which 2 SRS resources are configured within the set, 1-bit SRI field exists in DCI format 0_1 which dynamically selects one SRS resource (out of the two) to be used as the PUSCH beam selection and antenna port virtualization for the scheduled PUSCH transmission. Here, for multi-panel UE in Rel-15, it is up to UE implementation on how to map and transmit each SRS resource onto which Tx panel, e.g., it is also allowed by UE implementation that both of SRS resources can be mapped to the same Tx panel and transmitted with different beams, although there exists a problem when UE has independent PA per panel as identified in the previous section, having Proposal 1 to solve it.
Besides, there had been agreements made in RAN1#88bis regarding simultaneous Tx across multiple panels (STxMP), where it needs to be further investigated how to specify STxMP for codebook-based UL in Rel-16:
	Agreements@RAN1#88bis:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details


Specifically, the above highlighted part as “Support indication on selection of multiple SRS resources” had been agreed in RAN1#88bis but no further details to properly support the feature have been specified in Rel-15, since such multi-beam related features are postponed to Rel-16 by RAN plenary guidance. Therefore, the discussion on these leftover issues should be continued in Rel-16 by taking into account at least the following aspects:
· Extension on indicating TPMI/TRI fields due to the multiple SRI selection in UL DCI

· Whether and how to support inter-beam/panel co-phasing
· Whether and how to update Rel-15 UE capability on UL coherent transmission

We provide our initial evaluation results via LLS and SLS on the above STxMP in our companion contribution [3], where positive throughput gains are observed all over the considered SNR points for LLS, and especially for low SNR region, above 70% throughput gains are observed, which represents the benefits from exploiting 2-panel STxMP. In addition, approximately 2.8 dB SNR gains are commonly observed at 0.1 BLER point among some selected different MCS values, which shows clear benefits and importance of supporting STxMP at least for reliability/robustness, e.g., for URLLC traffic. For SLS, significant cell edge throughput gain (119.7%) of 2-panel STxMP over the best 1-panel selection based UL transmission (as baseline) is observed, mainly because of desired signal power boost and increasing robustness/reliability which dominates the drawback of potentially increasing interference.

Observation 3: Compared to the best 1-panel selection based UL transmission (which is supported in Rel-15), initial LLS results show considerable throughput gains and approximately 2.8 dB SNR gain for different MCS values of 2-panel simultaneous UL transmission.
Observation 4: For SLS, significant cell edge throughput gain (119.7%) of 2-panel STxMP over the best 1-panel selection based UL transmission (as baseline) is observed, mainly because of desired signal power boost and increasing robustness/reliability which dominates the drawback of potentially increasing interference.
Proposal 2: Support simultaneous transmission across multiple panels (STxMP) in Rel-16, and further details on multiple SRI indication in UL grant for CB-UL should be investigated taking into account practical aspects including DCI field size limitation and UE capability on UL coherent transmission.
2.3. UE antenna group/panel activation or deactivation mechanism
According to Rel-15 specifications, it has been considered UE may activate or deactivate one of panels for power saving and efficiency. However, this UE behavior itself is purely up to UE since gNB does not have any knowledge of the status of UE’s panel usages. Even for considering interference control/management aspects in terms of the network operation, gNB would make various scheduling decisions based on variety of configured/indicated reporting from UE. Therefore, unless clear benefits and critical use cases are recognized, to explicitly control UE’s panel activation/deactivation behaviors needs to be avoided by the specification.
Proposal 3: It needs to be avoided by the specification to explicitly control UE behaviors on panel activation/deactivation unless clear benefits and critical use cases are recognized. 

3. Overhead and latency reduction for UL BM
In RAN1#95 meeting, the following issue categorization was presented based on the feature lead summary [2] related to this UL BM topic for reducing overhead and latency compared to Rel-15:

1st category (which has been studied/discussed in Rel-15 sufficiently or is a simple extension of Rel-15)

· Issue 3.1: Increasing the max number of configured spatial relations for PUCCH
· Issue 3.2: Simultaneous spatial relation update for all PUCCH resources to reduce signaling
2nd category (which needs further study in terms of performance benefit, specification impacts, etc.)

· Issue 3.3: Supporting UL beam indication by CRI/SSBRI in DCI
· Issue 3.4: Introducing the possibility to use a CORESET when configuring a spatial relation (e.g., for PUCCH)
· Issue 3.5: Regarding explicit configuration of UL BM procedures
· Issue 3.6: Supporting a metric indicating possible power offset for the Tx beam to address safety emission limits
· Issue 3.7: PUCCH repetition/selection across multiple beams
3.1. Increasing the max number of configured spatial relations for PUCCH
This issue was raised by [4], since a PUCCH can be RRC configured with up to 8 spatial relations according to the current specifications, which may be insufficient to cover one cell such that it may require frequent RRC reconfigurations as UE moves across the cell. Therefore, increasing the max number of configurable spatial relations for PUCCH can be considered in Rel-16 to improve flexibility to control PUCCH spatial relation. On the other hand, our preference is to avoid unnecessarily increasing the maximum number, in consideration that the intension of adopting maximum 8 spatial relations for PUCCH in Rel-15 was not to fully cover one cell region, but to configure reasonable candidate RSs appropriate for the UE considering complexity at the UE side on the number of beams to keep tracking, among which MAC CE signaling will indicate one down-selected RS for an actual beam for the PUCCH. Given that Rel-16 UE could have enhanced capability in terms of beam management, on the other hand, doubling the maximum number should be fine, i.e., up to 16 spatial relations can be configured for PUCCH in Rel-16.
Proposal 4: Enhance the maximum configurable number of spatial relations for PUCCH to be 16, to improve flexibility in controlling PUCCH spatial relation.

3.2. Simultaneous spatial relation update for all PUCCH resources to reduce signaling
This issue was raised by [4] in order to reduce the signaling overhead to control PUCCH beam per individual PUCCH resource. In our view, however, the current mechanism is flexible enough to have benefits to control different beams for different PUCCH resources considering there are multiple types of PUCCH contents so that this issue seems not based on critical and strong needs. In addition, it would need to touch upon details of MAC-CE design, e.g., whether existing MAC-CE needs to be modified or new MAC-CE needs to be introduced. Therefore, RAN1’s consensus on the importance of this issue should be preceded given the limited TU on this agenda.
Proposal 5: Higher-layer signaling optimizations including proposal on simultaneous spatial relation update for all PUCCH resources should have lower priority especially when the functionality is not to be changed compared to Rel-15.

3.3. Supporting UL beam indication by CRI/SSBRI in DCI
In Rel-15, two UL transmission schemes are supported, i.e., codebook-based UL (CB-UL) and non-codebook-based UL (NCB-UL). UE can be configured with a dedicated SRS resource set for either CB-UL or NCB-UL according to the configured RRC parameter of txConfig set to either 'codebook' or 'nonCodebook', respectively. 

Especially for CB-UL, when a UE is configured with a SRS resource set in which 2 SRS resources are configured within the set, 1-bit SRI field exists in DCI format 0_1 which dynamically selects one SRS resource (out of the two) to be used as the PUSCH beam selection and antenna port virtualization for the scheduled PUSCH transmission. This is an essential functionality in NR to support proper UL link adaptation based on measuring such SRS transmission to make a UL scheduling decision including UL MCS determination at the gNB side. Therefore, it is unclear to newly introduce additional mechanism to directly indicate CRI/SSBRI in UL grant to schedule corresponding PUSCH without having clear evidence on how to pre-determine an appropriate UL MCS at gNB.
In that regards, at least the existing fields such as ‘SRS resource indicator’ and ‘Precoding information and number of layers’ should be configurable, according to the same mechanism supported in Rel-15. An additional configuration option in Rel-16 may be further investigated on whether the DCI can support to directly indicate PUSCH beam by CRI/SSBRI. Specifically, details on whether/how this mechanism is applicable without any SRS configuration/transmission for UL link adaptation need further study. If applicable, how ‘Precoding information and number of layers’ and UL MCS determination can be accurately done, compared to Rel-15 mechanism. Analysis on pros&cons should be conducted and discussed including necessary SRS resource/set configurations and inter-relationship with the indication by CRI/SSBRI, in terms of exact dimension of PUSCH ports and PUSCH DMRS ports, as well as port virtualization aspects.
Observation 5: Compared to Rel-15 codebook-based UL operations indicated by SRI to support proper UL link adaptation based on measuring such SRS to predetermine UL MCS for scheduling, it is unclear whether to newly introduce additional mechanism to directly indicate CRI/SSBRI in UL grant in terms of MCS determination, inter-relationship with SRS, and exact PUSCH/DMRS port virtualization aspects.

3.4. Regarding explicit configuration of UL BM procedures
In RAN#82 plenary meeting, a WF on beam correspondence [5] was endorsed, where UE shall mandatorily report its capability on FG 2-20 (Beam correspondence) via either one of the following:
· UE that fulfills the beam correspondence requirement without the uplink beam sweeping shall set the bit to 1
· UE that fulfills the beam correspondence requirement with the uplink beam sweeping shall set the bit to 0, and for this case, FG 2-30 (Uplink beam management) shall be set to 1 as mandatory
For the latter case above, UL beam management based on properly beam-swept SRS transmissions shall be conducted and be able to controlled by gNB. Therefore, some degree of explicit configurations of UL BM procedures should be supported for both Rel-15 and Rel-16 with possible further enhancements. Given that CR(s) on clarifying UE Tx beam sweeping behavior and counting the number of Tx/Rx beam switches are still under discussion in Rel-15 maintenance, it may be more efficient to hold this discussion in the scope of Rel-16, until those Rel-15 CR issues are resolved.
Proposal 6: Discussion on the enhancement on SRS beam sweeping/repetition in the scope of Rel-16 needs to be resumed after stabilizing Rel-15 UL BM related maintenance, since in RAN#82 the UL BM procedures are endorsed as mandatory for UE who reports FG 2-20 (Beam correspondence) set to ‘0’ as required with UL beam sweeping.
3.5. PUCCH repetition/selection across multiple beams
Potential enhancements on PUCCH beam management aspects should also be discussed to improve more robustness on PUCCH beam quality controls in Rel-16, e.g., UE autonomous beam sweeping mechanism at least for PUCCH for CSI reporting can be considered which had been discussed in earlier stage of Rel-15 including multi-beam PUCCH transmissions. More specifically, when and how to apply UE beam sweeping on PUCCH transmissions need to be further discussed, also including which type of PUCCH transmissions should be applied for such beam sweeping.
Proposal 7: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions.

4. Overhead and latency reduction for DL BM
	Agreement: 
Decide (agree on) either one of the followings in RAN1 NR-AH 1901:

· Alt.1: Support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.

· No new RS for beam management is introduced in Rel-16.
· FFS: details including IFDMA-based, DFT-based, larger subcarrier spacing based, etc, or limited to only for P-3.

· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.


In RAN1#95 meeting, the above agreement was made, and the following issue categorization was presented based on the feature lead summary [2] related to this DL BM topic for reducing overhead and latency compared to Rel-15:

1st category (which has been studied/discussed in Rel-15 sufficiently or is a simple extension of Rel-15)

· Issue 4.1: Supporting sub-time unit for BM RS shorter than 1 symbol
· Issue 4.2: UE antenna port/group-specific DL beam measurement/group-based beam reporting 

2nd category (which needs further study in terms of performance benefit, specification impacts, etc.)

· Issue 4.3: Extending TCI-state candidates to include SRS ID as a spatial source for DL RS
· Issue 4.4: Ways to facilitate autonomous updates of the QCL associations in the UE (e.g., for updating PDCCH beam)
· Issue 4.5: L1 event trigger-based reporting for fast beam selection
· Issue 4.6: BM reporting during initial access procedure (e.g., via Msg3)
4.1. Supporting sub-time unit for BM RS shorter than 1 symbol
According to the discussion in Rel-15, it was agreed that PDSCH and PDCCH cannot be simultaneously transmitted on the OFDM symbols that are configured with the CSI-RS resources included in a CSI-RS resource set configured with the higher layer parameter repetition=“ON”. Also, in consideration of the configurable 1-port CSI-RS RE density which is D={0.5, 1, 3}, all 1-port CSI-RS resources are set to a comb-structure in the frequency-domain, and hence the time domain waveform of the Rel-15 CSI-RS can be repeated multiple times within a symbol if no other signals are multiplexed. In the current state, the main issue is whether the UE(s) could be possible to apply RX beam sweeping operation to the repeated signal pattern in the time-domain. According to the current specifications, it should be noted that UEs cannot decide and conduct the RX beam sweeping within a single symbol for themselves, since there may exist other CSI-RS resource(s) on the same symbol configured to other UE(s), which is illustrated in Figure 1.
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Figure 1. An example configurations of two CSI-RS resources dedicated for UE1 and UE2, respectively.

Considering a simple example shown in Figure 1, the UE1 is configured with {density=3, offset=0} and the UE2 is configured with {density=3, offset=2} in which each UE does not know another UE’s CSI-RS configuration. In such case, UE1 cannot be guaranteed to properly perform Rx beam sweeping with four different Rx beams within the OFDM symbol, because there are another FDMed CSI-RS REs configured for UE2 with {density=3, offset=2} which eventually breaks down the 4-times repetition pattern in time domain from the perspective of UE1. Therefore, it would be helpful to reduce latency and overhead for Rx beam sweeping if gNB/TRP can provide a simple information, i.e. whether the configured CSI-RS is multiplexed with other CSI-RS or not. 
Proposal 8: For overhead and latency reduction required for RX beam selection,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16.
· Add an RRC parameter (e.g., up to 2 bits under NZP-CSI-RS-config IE) to indicate the existence of other NZP-CSI-RS resource(s) configured for other UE(s) on the symbols of the given NZP-CSI-RS.
Furthermore, with Proposal 8, CSI-RS with repetition=“OFF” could be useful also for the beam selection with lower latency, since P-1 procedure is then straightforwardly achieved (which unfortunately is not efficiently supported in Rel-15). More specifically, even in a single symbol, the UE can measure L1-RSRPs for multiple TX beams and multiple RX beams simultaneously. If multiple TX beams can be transmitted to a UE through the multiple CSI-RS resources within a CSI-RS resource set configured with repetition=“OFF” where these CSI-RS resources can be configured with comb structure in frequency-domain by gNB, then the UE is able to perform multiple RX beam sweepings within a symbol for the different TX beams, assuming proper ZP-CSI-RS for rate matching on those symbols is configured by gNB.

As a result, the support of this technical feature has a clear advantage of naturally enabling the P-1 beam management procedure with lower latency and overhead. Note that, according to Rel-15, the possible P-1 procedure may require a very long latency (e.g., may require M*N OFDM symbols for P-1, assuming M CSI-RS resource sets for BM with repetition=“ON” and N CSI-RS resources in each set are configured to the UE). 
4.2. L1 event trigger-based reporting for fast beam selection
For the beam selection enhancement in terms of low latency and overhead, L1 event trigger-based reporting has potentials to provide some meaningful gain in the network. In our view, however, it seems more practical and feasible to consider some degree of UE-assisted BM enhancement feature rather than UE-initiated trigger-based new BM mechanism. 
Specifically, consider an example for beam reporting configuration based on Rel-15 specifications. Assume that a UE is configured with a periodic beam reporting setting and an associated periodic resource setting, where the configured periodicity of reporting setting is larger than that of resource setting, considering a trade-off between performance and resource overhead based on gNB implementation. Then, the UE can do measurement averaging between adjacent reporting instances. 
Since gNB can only figure out the varying channel condition upon receiving UE’s beam reporting at each scheduled reporting instance, some degree of UE-assisted beam change request may be beneficial whenever UE recognizes the measured Tx beam channel quality becomes low under a predetermined threshold even before its scheduled reporting instances. This helps to reduce the BM latency and overhead in that gNB can change all or part of the current TX beams transmitted through the configured periodic RS resources upon reception of such UE-assisted beam change request, e.g., via SR-PUCCH, also in conjunction with gNB’s response to reset UE’s measurement averaging window to restart the measurements on a new Tx beam changed from the outdated Tx beam.

Proposal 9: Consider UE-assisted BM enhancement feature such as Tx beam change request by UE to reduce BM latency and overhead, rather than UE-initiated trigger-based new BM mechanism. 
5. Enhancements on beam measurement and reporting

In the previous meeting, there was an agreement as followings:

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

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

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

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

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

· Option 3: Option 1 when SSB is used for signal part, Option 2 when CSI-RS is used for signal part

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


Comparing Option 1 and Option 2, Option 2 estimates interference from the configured RS resources themselves for beam measurement and reporting without introducing additional signalling for beam-level IMR. Actually, this approach has been adopted for SINR estimation for BFD in Rel-15 already. This approach is simple and has less specification impact, however, the estimation performance would not be sufficient for the following cases:

Case 1: RS frequency density for RSRP measurement are not enough for channel estimation (e.g. CSI-RS density = 1RE per 1RB per port). 

Case 2: Interference received power is higher than configured NZP CSI-RS (or SSB) received power.
Therefore, we may need to introduce some restrictive conditions in order to apply Option 2 (e.g. CSI-RS density=3, no time domain interference measurement restriction) similarly to the conditions defined in RAN4 for BFD RS. On the other hand, Option 1 is to introduce IM resource dedicated for interference measurement. For example, ZP CSI-RS based IMR(i.e. CSI-IM) or NZP CSI-RS based IMR introduced for CSI acquisition can be considered. Comparing these two, NZP CSI-RS based IMR may be useful when a gNB wants to find the best beam combination of serving beam and interfering beam via using the NZP CSI-RS resource pool configured for BM. However, this method is useful only when both serving beam and interfering beam are centrally controlled, in other words, it is not useful for those interfering beams transmitted from neighboring cells or TRPs that are not tightly coordinated. With ZP CSI-RS based IM, the limitation of NZP CSI-RS based IM can be resolved since it can measure interferences from uncoordinated sources as well as coordinated sources. Since ZP CSI-RS based IM can be used to measure interference from any sources, there is no strong motivation of introducing both types of IMR(e.g. Option3). 
Proposal 10: For L1-SINR measurement, support CSI-IM and reuse IMR configuration defined for CSI acquisition in Rel-15. 
6. Enhancements on beam failure recovery
Based on a decision in RAN#82, the WID objective on this particular topic has been updated as below:

· 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.

For Scell BFR, it should be assumed that the link quality of PCell DL/UL is good enough. If PCell is in beam failure, it is obvious to recover PCell first via existing BFR mechanism before recovering Scell beam. Since the use of PCell UL is needed at least to support DL only Scell scenario, it is desirable to define a single solution that can be applicable to all scenarios. 

Proposal 11: For Scell BFR, support a single solution that can be applicable to all scenarios (e.g. Pcell in FR1/FR2, DL only Scell, etc.), i.e., only PCell UL is used for any request/information with regard to Scell beam failure.
Regarding information to be delivered through PCell UL, multiple options can be considered, e.g.,

· Option 1: Occurrence of Scell beam failure

· Option 2: Occurrence of Scell beam failure + beam information with respect to failed and/or survived beam(s)

Comparing Option 1 and Option 2, Option 2 requires more work in specification, e.g., new message(s) and relevant procedure(s). From functionality point of view, however, additional benefit of Option 2 seems not so significant. Since PCell is still alive, gNB can trigger a regular beam reporting on PCell to get information for Scell based on existing beam reporting mechanism, i.e., no special beam reporting information is needed.

Proposal 12: Through the Pcell UL, UE reports the occurrence of Scell beam failure only.
For delivering above information, we can consider three options.

· Option 1: PRACH in Pcell

· Option 2: PUCCH in Pcell

· Option 3: PUSCH in Pcell
Comparing above three options, Option 1 consumes UL resource of Pcell too much. In addition, Pcell is still operational, and thus, there is no technical necessity of using precious PRACH resources of Pcell. For Option 3, we need to define a new MAC or RRC based procedure which has impacts on RAN2 from specification perspective. If the information to be delivered to gNB is small (e.g. 1 bit to indicate the occurrence of Scell beam failure event), defining higher layer message(s) for such small information is very inefficient. Based on Option 2, we would not need to define any new higher layer message. In addition, we can simply use existing PUCCH design for SR, since SR and BFRQ are very similar by nature, i.e., UE transmits the pre-assigned PUCCH only when a pre-defined event is occurred. After reception of the SR, gNB may trigger a pre-configured aperiodic CSI reporting on beams associated with the SCell.
Proposal 13: When Scell beam is failed, UE transmits a dedicated PUCCH resource with PUCCH format 0/1 on PCell. No other signals, messages, or procedures are defined for Scell BFR.
7. Conclusion
In this contribution, we discussed enhancements on the UL and DL BM related topics in Rel-16 MIMO. Based on the discussions above, following observations and proposals are given:
For UL transmit beam selection for multi-panel operation,
Observation 1: It is well supported by Rel-15 specifications that each UE Tx panel can correspond to each configured SRS resource set in terms of UE implementation, which can be observed at least by the following spec descriptions and agreements:

· Text on SRS-based UL BM in TS38.214 as “SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP can be transmitted simultaneously”

· Text on SRS power control in TS38.213 as “power control parameters such as PO, alpha, DL RS for PL are all configurable for each SRS resource set qs”
· Agreements made in RAN1#95 on FG 2-30 as “Rel-15 UE can report its capability as up to 4 SRS resource sets (which can correspond up to 4 panels) per supported time domain behavior”

Observation 2: For codebook-based UL in Rel-15, a single beam selection for PUSCH from up to two UE panels (via 1-bit SRI in DCI) is only supported for UEs having common PA across panels, but is NOT supported for UEs having independent PA per panel (which has more practical importance) due to Rel-15 SRS PC parameter setting only applicable per SRS resource set level.

Proposal 1: To properly support UEs having independent PA per panel for codebook and non-codebook based UL, agree either one of the following:

· Alt.1: Support configuration of up to X SRS resource sets (X>1) for the same time domain behaviour (periodic, semi-persistent, or aperiodic) for both codebook based UL and non-codebook based UL.

· Alt.2: Support independent PC parameter setting for different SRS resource(s) within a single SRS resource set for both codebook based UL and non-codebook based UL.

Observation 3: Compared to the best 1-panel selection based UL transmission (which is supported in Rel-15), initial LLS results show considerable throughput gains and approximately 2.8 dB SNR gain for different MCS values of 2-panel simultaneous UL transmission.

Observation 4: For SLS, significant cell edge throughput gain (119.7%) of 2-panel STxMP over the best 1-panel selection based UL transmission (as baseline) is observed, mainly because of desired signal power boost and increasing robustness/reliability which dominates the drawback of potentially increasing interference.
Proposal 2: Support simultaneous transmission across multiple panels (STxMP) in Rel-16, and further details on multiple SRI indication in UL grant for CB-UL should be investigated taking into account practical aspects including DCI field size limitation and UE capability on UL coherent transmission.

Proposal 3: It needs to be avoided by the specification to explicitly control UE behaviors on panel activation/deactivation unless clear benefits and critical use cases are recognized. 

For overhead and latency reduction for UL BM,
Proposal 4: Enhance the maximum configurable number of spatial relations for PUCCH to be 16, to improve flexibility in controlling PUCCH spatial relation.

Proposal 5: Higher-layer signaling optimizations including proposal on simultaneous spatial relation update for all PUCCH resources should have lower priority especially when the functionality is not to be changed compared to Rel-15.

Observation 5: Compared to Rel-15 codebook-based UL operations indicated by SRI to support proper UL link adaptation based on measuring such SRS to predetermine UL MCS for scheduling, it is unclear whether to newly introduce additional mechanism to directly indicate CRI/SSBRI in UL grant in terms of MCS determination, inter-relationship with SRS, and exact PUSCH/DMRS port virtualization aspects.

Proposal 6: Discussion on the enhancement on SRS beam sweeping/repetition in the scope of Rel-16 needs to be resumed after stabilizing Rel-15 UL BM related maintenance, since in RAN#82 the UL BM procedures are endorsed as mandatory for UE who reports FG 2-20 (Beam correspondence) set to ‘0’ as required with UL beam sweeping.

Proposal 7: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions.

For overhead and latency reduction for DL BM,
Proposal 8: For overhead and latency reduction required for RX beam selection,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16.
· Add an RRC parameter (e.g., up to 2 bits under NZP-CSI-RS-config IE) to indicate the existence of other NZP-CSI-RS resource(s) configured for other UE(s) on the symbols of the given NZP-CSI-RS.

Proposal 9: Consider UE-assisted BM enhancement feature such as Tx beam change request by UE to reduce BM latency and overhead, rather than UE-initiated trigger-based new BM mechanism. 

For enhancements on beam measurement and reporting,
Proposal 10: For L1-SINR measurement, support CSI-IM and reuse IMR configuration defined for CSI acquisition in Rel-15. 
For enhancements on beam failure recovery,
Proposal 11: For Scell BFR, support a single solution that can be applicable to all scenarios (e.g. Pcell in FR1/FR2, DL only Scell, etc.), i.e., only PCell UL is used for any request/information with regard to Scell beam failure.
Proposal 12: Through the Pcell UL, UE reports the occurrence of Scell beam failure only.
Proposal 13: When Scell beam is failed, UE transmits a dedicated PUCCH resource with PUCCH format 0/1 on PCell. No other signals, messages, or procedures are defined for Scell BFR.
8. Reference

[1] RP-182863, Revised WID: Enhancements on MIMO for NR, Samsung.
[2] R1-1814122, Updated feature lead summary of Enhancements on Multi-beam Operations, LG Electronics.
[3] R1-1900628, Evaluation and analysis on simultaneous multi-panel Tx, LG Electronics.
[4] R1-1813267, Enhancements on Multi-beam Operation, Ericsson.
[5] RP-182879, WF on Beam Correspondence, Samsung, Apple, Nokia, Intel, ZTE, Sanechips, Qualcomm, MediaTek, Panasonic, Verizon, CATT, AT&T, OPPO, CMCC, Huawei, HiSilicon, CAICT, vivo, LG Electronics, KT Corp.[image: image2.png]


[image: image3.png]



PAGE  
1

