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Introduction
Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented in this contribution. 

SCell BFR
1 
2 
The following agreement/conclusion was reached in RAN1#96 [1]:
Agreement
· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure
· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold
· FFS: whether no new beam identified could be included as a state of new beam information
· FFS: details if no new beam is above or equal to threshold

That is, the condition for a UE sending BFRQ for SCell BFR is the UE declaring beam failure of one or some SCells. To minimize signaling overhead, the BFRQ should carry only the information essential to the gNB. This essential information includes the event of SCell beam failure and which SCell(s) meet the beam failure event. Furthermore, the same design for BFRQ message should be used for the cases with and without new candidate beam RS/threshold configured. Therefore, we propose that the BFRQ message only include the information on SCell beam failure event and the indices of failed CC(s).
Proposal: For SCell BFR, BFRQ is transmitted when the UE declares SCell beam failure
· The BFRQ only indicates the event of SCell beam failure and the index(es) of failed CC(s); 
· No other information such as NBI is carried.
· The index(es) of failed CC(s) is explicitly conveyed in BFRQ message. 

Regarding beam failure detection (BFD) function for SCell, the Rel.15 beam failure detection procedure can be reused. 1-port periodic CSI-RS is used as BFD RS for SCell. The gNB can configure the set q0 of CSI-RS as the beam failure detection RSs for an SCell to the UE. The UE can also derive the set q0 of CSI-RS as the beam failure detection RSs for an SCell based on the TCI states configured to the PDCCH on that SCell. The CSI-RS used for SCell beam failure detection can be in the same SCell or another SCell or PCell.      
Proposal: For SCell BFR, Rel.15 beam failure detection procedure is reused for SCell:
· SCell BFD RS can be in current CC or another CC for both explicit and implicit configurations (cf. Alt3).

We have various deployment scenarios for SCell beam failure: SCell with both DL/UL, SCell with DL only, PCell in FR1 and PCell in FR2. Even though we reached agreement to decide beam failure solution for SCell with DL only first, we shall target a single SCell beam failure recovery scheme for all the deployment scenarios. Regarding the mechanism for transmitting SCell BFR request, the following alternatives have been proposed:
· Alt-1: The UE uses contention-free RACH configured on the UL of that SCell to transmit the BFR request and then monitors the gNB response on CORESET-BFR configured in that SCell. 
· Alt-2: The UE uses contention-free RACH configured on the UL of that SCell to transmit the BFR request and then monitors the gNB response on CORESET-BFR of PCell.
· Alt-3: The UE uses contention-free RACH on the UL of PCell to transmit the BFR request for the SCell and monitors the gNB response on PCell.
· Alt-4: The UE uses MAC-CE message to report SCell beam failure.
· Alt-5: The UE uses PUCCH to report SCell beam failure.
We can evaluate and compare the alternatives in various deployment scenarios.
	
	DL-only SCell
	SCell with both DL/UL
	PCell in FR1 and SCell in FR2
	PCell in FR2 and SCell in FR2

	Alt.1
	No support (no SCell UL)
	Support
	Support for SCell with both DL/UL
	Support for SCell with both DL/UL

	Alt.2
	No support (no SCell UL)
	Support
	Support for SCell with both DL/UL
	Support for SCell with both DL/UL

	Alt.3
	Support
	Support
	Support but with excessive RACH resource usage. 
To support BFR of SCell, we would need configure Nnew × NScell RACH resources in PCell for each UE to the association between RACH resources and Tx beams (the number of Tx beams could be large). Typically, the association between RACH resources and large number of Tx beam is not needed since PCell is in FR1.
Nnew is the number of RSs in q1 and NScell is the number of SCells
	Support

	Alt.4
	Support
	Support
	Support
	Support

	Alt.5
	Support
	Support
	Support
	Support



As evident, only Alt.4 and Alt.5 work well for all the deployment scenarios. While it is plausible to support different schemes for different scenarios, it adds to specification and/or deployment complexity. Therefore, it is preferred to support a single scheme that works for all scenarios.
Observation: Either Alt.4 (MAC-CE) or Alt.5 (PUCCH) facilitates supporting a single scheme that works for all deployment scenarios. 

Between Alt.4 and Alt.5, the tradeoff is clear: MAC-CE based solution imposes higher latency than PUCCH-based, but offers much better reliability. The higher latency comes from using L2 control mechanism. Yet it has been pointed out that the overall latency for SCell BFR is not dominated by BF reporting. At the same time, the control information is protected by HARQ (which allows error detection in addition to error correction). When PUCCH is used, the latency is expected to be the same as, e.g. HARQ-ACK or CSI feedback. However, PUCCH lacks error detection capability which makes it more prone to error. 
Assuming that SCell BFR is essential for CA deployment in FR2, high reliability takes precedence. Here, MAC-CE based solution is a better alternative considering its superior reliability without imposing excessively additional latency.      
Proposal: Support Alt.4 (MAC-CE based solution) for SCell BFR considering its superior trade-off between reliability and latency. 

Support for L1-SINR
The following agreement/conclusion was reached in RAN1#96 [1]:
Agreement
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline

To progress on L1-SINR support in Rel.16, at least three inter-related main issues must be finalized first before proceeding with more detailed design issues:
· Issue 1: Definition of L1-SINR
· Issue 2: Whether L1-SINR offers performance gain over Rel.15 L1-RSRP and/or CSI
· Issue 3: Supported IMR type(s): ZP IMR vs. NZP IMR, or both 
As evident, issue 1 and 2 are closely related. For instance, more companies have demonstrated that the CSI-SINR definition from TS 38.215 (which is perceived as the simplest and “natural” definition) does not offer measurable performance benefit over L1-SINR, and even results in performance loss. Some other schemes (such as weighted SINR given in this contribution, or mandatory linkage between L1-RSRP and 38.215 SINR) could potentially offer some benefit. Likewise, issue 2 and 3 are closely related since the accuracy of interference measurement affects the gain/loss of L1-SINR over Rel.15 L1-RSRP or CSI. Moreover, issue 1 and 3 are closely related since the definition of the metric determines whether a certain type of metric as relevant or not. For instance, as explained in [5], if “long-term” metric such as 38.215 CSI-SINR or weighted SINR is used, interference emulation facilitated by NZP IMR is no longer relevant. However, if “short-term” metric such as CSI/CQI (with 1 or 2-port CSI-RS) is used, interference emulation is relevant. 
Issue 1 and 2: 
As mentioned, one alternative is to reuse the CSI/SSB-SINR given in TS 38.215 as follows (for CSI-SINR) [3]:
	Definition
	CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals reference signals within the same frequency bandwidth.

For CSI-SINR determination CSI reference signals transmitted on antenna port 3000 according to 3GPP TS 38.211 [4] shall be used. 

For intra-frequency CSI-SINR measurements, if the measurement gap is not configured, UE is not expected to measure the CSI-RS resource(s) outside of the active downlink bandwidth part.

For frequency range 1, the reference point for the CSI-SINR shall be the antenna connector of the UE. For frequency range 2, CSI-SINR shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported CSI-SINR value shall not be lower than the corresponding CSI-SINR of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



In TS 38.215 CSI/SS-SINR is defined as the ratio between average signal power and average noise-plus-interference power measured based on the same CSI-RS or SSB. At least a few drawbacks can be identified. First, a metric defined as a ratio between average signal power (across channel ensembles) and average noise-plus-interference power (across interference channel ensembles) is not reflective of the real metric of interest, i.e. the average/mean of the ratio between signal power and noise-plus-interference power, taken across channel and interference ensembles. Second, the manner in which receive diversity (the use of multiple receive chains) is incorporated is ad-hoc. While it accounts for selection receive diversity, it is unclear how maximum ratio combining can be accounted satisfactorily. Third, although signal and noise-plus-interference power can be measured from the same signal resource (either the same NZP CSI-RS or SSB), its accuracy degrades in the presence of strong and dominant interference. 
While there could be more complex beam metrics, the following modified L1-SINR metric is proposed: Let  and  denote the indices of transmit (TX) and receive (RX) beams. The weighted SINR metric for a given TX-RX beam pair  is then given by
,
where
·  is a weighting factor assigned to TX-RX beam pair  
·  RSRP for TX-RX beam pair 
·  38.215 SINR TX-RX beam pair .
Termed the RSRP-weighted SINR, this metric combines the advantageous features from both L1-RSRP (stronger TX beam power) and L1-SINR (weaker interference). In some scenarios, it is expected to offer some gain over L1-RSRP since interference is taken into account. The benefit over L1-SINR is anticipated in scenarios where a TX beam with the highest L1-SINR but lower received power is chosen (which is not beneficial for TX beam selection).  
In a companion contribution [4], a system-level study on the CSI-SINR in TS 38.215 is performed which results in the following observation (abridged here).
Observation: 
· The TS 38.215 CSI-SINR metric results in slightly lower average and 50% UPT performance than Rel.15 L1-RSRP metric. Therefore, there is no perceivable benefit from 38.215 SINR in UPT. 
· The proposed RSRP-weighted SINR metric shows large performance gain over both Rel. 15 L1-RSRP and TS 38.215 CSI-SINR metrics.  

The UPT loss of TS 38.215 SINR over Rel.15 L1-RSRP (as also observed by a few other companies) is most likely caused because beams with high SINR but with low RSRP (which represents received signal power) are chosen. For Tx-Rx beam selection, received signal power is still the most crucial factor. This is why RSRP-weighted SINR allows the NW to reap the benefit of interference awareness while still maintaining a measure that ensures high received power.
Note that both the 38.215 CSI/SSB-SINR and RSRP-weighted L1-SINR are considered “long-term” metric in the sense that longer time averaging is used separately for both channel (desired signal) and interference components. The long-term averaging is in the same spirit as Rel.15 L1-RSRP. This can be contrasted with CSI/CQI where shorter time averaging (hence “short-term”) is used, either separately or jointly, for both channel (desired signal) and interference components.
Issue 3: 
More detailed comparison between dedicated ZP and NZP IMR is given in the companion contribution [5]. Essentially, for long-term beam metric, NZP IMR does not offer any additional benefit over ZP IMR because interference emulation is no longer relevant. In terms of performance, the observation from [5] is abridged below.
Observation:  
· For multi-beam operation where “long-term” beam metric (such as 38.215 CSI/SSB-SINR or RSRP-weighted SINR) is used:
· If NZP IMR is used, Interference estimation accuracy is unnecessarily impaired due to the need for desired channel component subtraction/cancellation exacerbated by the lower FD density of CSI-RS 
· In terms of resource utilization, both ZP and NZP IMR are dedicated resources. There is no difference in terms of resource usage.
· There is significant performance degradation with NZP IMR when compared with ZP IMR; the performance degradation of TS 38.215 CSI-SINR metric is ~6% in average UPT

This leads to the following proposal.
Proposal: If “interference aware” “long-term” SINR-based beam reporting metric is to be supported in Rel.16: 
· SINR definitions other than that from TS 38.215, such as the RSRP-weighted L1-SINR, should be used
· Interference measurement for SINR calculation is performed only with dedicated ZP IMR
· FFS: Whether the ZP IMR can be shared with ZP IMR configured for CSI acquisition

DL/UL beam indication with reduced latency and overhead
The following agreement/conclusion was reached in RAN1#96 [1]:
Agreement
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 
· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options
· Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Spatial relation update per Rel-15 PUCCH resource set
· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 
· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells
· Other options are not precluded.

In our view, the option of using one MAC CE to indicate spatial relation for all PUCCH resources in a CC is preferred. In Rel.15, up to 4 PUCCH resource sets are configured and they are used for transmitting different UCI sizes. There is no motivation or use case for using different Tx beam on PUCCH resources for different UCI sizes. Similarly, there is neither motivation nor use case for using different Tx beams on PUCCH in different PUCCH groups. The option of “using PUCCH spatial relation info configured in a BWP in other BWP/CCs” still requires indicating spatial relation info update/configuration per PUCCH resources, as specified in Rel.15. In summary, only the option of using MAC CE to indicate spatial relation can fully reduce the signaling overhead of updating/configuring spatial relation info for PUCCH and also have motivation and uses cases.
Proposal: Support using one MAC CE to update spatial relation for all PUCCH resources in a CC.

One of the main issues on Rel.15 multi-beam design is the excessive RRC configuration. This was intended to accommodate generous flexibility without costing too much burden on L1 DL control signaling. Since a number of the controlling RRC parameters may require frequent reconfiguration, multi-beam operation may require excessive use of RRC (re)configuration (L1  L3  L1) which imposes high latency. As this involves L3, frequent RRC reconfiguration essentially negates the purpose of “beam management” which is to circumvent higher-layer procedure(s) akin to L3 mobility. In addition, RRC reconfiguration consumes PDSCH resources. 
Therefore, one study that can result in significant reduction in latency and overhead is to assess features where the need for RRC (re) configuration for DL/UL beam indication can be alleviated. More specifically, this implies more reliance on L1 control signaling (DCI) or, if needed, L2 control signaling (MAC CE). The increase in PDCCH overhead can be minimized by revisiting the flexibility offered in Rel.15 – whether simplification can be done to reduce the number of options (in beam reporting, indication, and resource configuration used for beam measurement) in Rel.16. 
Proposal: Revisit Rel.15 features and assess possible reduction in reconfiguration signaling requirement for DL/UL beam indication (for data and control channels)  
· Streamline options/states (e.g. the number of CSI-RS resources, QCL associations) defined in RRC and/or use L1 control signaling instead

Another area where latency and resource usage can be reduced lies not so much in the flexibility of each feature, but rather the use cases. For instance, Rel.15 beam measurement and reporting tend to be (over-)designed to accommodate worst-case scenarios. In terms of UE capability, they were designed to enable UEs without beam correspondence. While the discussion whether beam (BPL) correspondence should be mandatory or not is still unresolved, it suffices to claim that for FR2 (where DL/UL reciprocity is quite common due to TDD or TDD-like operation), beam correspondence allows not only more flexibility, but also opportunities to reduce latency and overhead. 
For DL TX beam indication, Figure 1 depicts a timing diagram on the so-called “beam switching” which involves a sequence of UE procedures: receiving beam reporting trigger, (after some timing offset) receiving CSI-RS, measuring CSI-RS and calculating beam reporting, reporting beam metric, receiving DL beam indication (DCI reception).   

[image: ]
[bookmark: _Ref525784097][bookmark: _Ref525784092]Figure 1 DL TX beam switching based on Rel.15 design (CSI-RS based measurement)

If beam correspondence holds, the “beam switching” process can be simplified by utilizing SRS instead of CSI-RS as depicted in Figure 2. Compared to Figure 1, it is apparent that using SRS as the reference for DL beam indication at least avoids the latency caused by the time offset between the UL-related DCI for CSI request and AP-CSI-RS transmission. This can be done by simply introducing SRS resource ID (in addition to CSI-RS and SSB IDs) in the TCI state definition for DL beam indication.  
Proposal: Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition 

[image: ]
[bookmark: _Ref525784442]Figure 2 DL TX beam switching with SRS-based measurement

In Rel.15, DCI format 0_0 cannot be used with an FR2 SCell if there is no PUCCH resource configured for that SCell. This limitation should be removed at least for the following reasons:
· The payload of DCI format 0_0 is almost half that of DCI format 0_1 (32 vs. 57 information bits) and thus permits better coverage. 
· Coverage limitation from not being able to use DCI format 0_0 is especially relevant for CA scenarios. For instance, consider one carrier in FR1 as the primary cell and a few SCells in FR2. In this case, even if PUCCH resource is configured for the PCell, DCI format 0_0 cannot be used even for cross carrier scheduling of any of the SCells. 
 
Observation: In Rel.15, not allowing DCI format 0_0 in SCell with no PUCCH resource configuration penalizes CA deployment, especially in terms of DL control coverage.
Proposal: Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent. 

UL beam indication for multi-panel UE
The following agreement/conclusion was reached in RAN1#96 [1]:
Agreement
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission

If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.
· Deadline for decision: RAN1#96bis

Samsung’s view is as follows.
Negative on (against) assumption 1 (termed “slow” panel selection): Rel.15 specification has provided ample support for this UE assumption. While we are aware of some proposals for this scenario, we believe that such proposals are minor optimizations which could be addressed with reasonable NW implementation. Therefore, adding a few (or a handful) of minor features for assumption 1 in Rel.16 offers no substantial and tangible benefit. It would simply populate the specification with more features that potentially complicate testing and NW implementation.
Supportive of assumption 2 with assumption 3 as a special case (STxMP + “fast” panel selection): “Fast” panel selection, along with STxMP (which is clearly within the scope from the language of Rel.16 WID), can offer transmit diversity which is beneficial for at least several FR2 deployment scenarios, e.g. mitigation of blocking, occurrence of BF (hence reduced latency and overhead), and UL coverage loss due to MPE adherence. In other deployment scenarios, it is also possible to reap some throughput benefit from spatial multiplexing (although this is perhaps a secondary benefit for FR2). At the same time, we acknowledge some concern raised by at least one company that further investigation is needed to understand the benefit of STxMP (including where it could be beneficial). Therefore, if assumption 2 (along with assumption 3) is to be supported, further investigation on quantifying the benefit and identifying potential deployment scenarios is needed.   
The above reasoning leads to several (pre-emptive) corollaries: 
· Proposal to “focus” on panel selection by supporting both assumption 1 and assumption 3 in Rel.16 is unacceptable to us.   
· If the support for assumption 3 (only) is to be supported in Rel.16, it is crucial to ensure that UL beam indication scheme(s) designed for this purpose do not result in impediment against efficient extension to assumption in Rel.17 (or later release). For instance, the SRI-based beam indication (as explained below) is not efficient for this purpose.  

Observation: MPUE-assumption 1 has been amply addressed in Rel.15 and further optimization does not offer tangible benefit. 
Proposal: On Rel.16 UL MP enhancement, 
· Support MPUE-assumption 2 with MPUE-assumption 3 as a special case
· No additional optimization is supported for MPUE-assumption 1   

Rel.15 only supports signaling one UL TX beam to the UE since only a single SRI field is included in DCI 0_1. Likewise, SRS-Resource (with only one target SRS resource ID) is linked to a reference RS via SpatialRelationInfo (which includes only one reference RS ID). However, for UEs with N panels, N different UL TX beams could be “simultaneously” transmitted. 
At least for UL codebook-based transmission, the use of target SRS (linked to a reference RS) for UL beam indication is unnecessary. While target SRS can correspond to the (SRS) antenna ports associated with PDSCH transmission, the necessity of multiple target SRS resources (hence the linkage between multiple target SRS resources and reference RS resources in SpatialRelationInfo) is unclear. Even if a UE can be configured with up to 2 SRS resources (for the purpose of UL CSI acquisition at the gNB), only one SRS resource is needed for UL data transmission. 
Therefore, for beam training and indication purposes, it suffices for the UE to be configured with multiple reference RS resources. Therefore, for UL beam indication, the same TCI-based approach can be used where the linkage between target SRS resources and reference RS resources is unnecessary. Instead, the UL TCI state definition includes a list of reference RS resources (SRS, CSI-RS, and/or SSB). The current SRI field can be reused to select an UL TCI state from the configured set, or a new DCI field (for illustrative purposes, termed the UL-TCI field) in DCI 0_1 can be defined for this purpose.  
With this in mind, a mechanism to support signaling at least one out of multiple UL TX beams to the UE can be introduced. By facilitating such functionality, the UE can transmit via multiple panels for increasing diversity and/or multiplexing, including UL transmission with panel selection. 

Observation: At least for UL codebook-based transmission, the use of target SRS (linked to a reference RS) for UL beam indication is unnecessary.
Proposal: At least for UL codebook-based transmission, circumvent the unnecessary use of target SRS by introducing UL TCI states (analogous to DL TCI) which are directly associated with reference RS resource IDs (i.e. Alt2)
· The DCI field used for UL beam indication selects the UL TCI state, either a new DCI field or reusing the existing SRI field
· Note: To use this feature for UL multi-panel beam indication, a panel indication can be associated with an UL TCI state indication.

Conclusions
In this contribution, Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented. The following observations and proposals are made:
Observation:
· SCell BFR:
1. Either Alt.4 (MAC-CE) or Alt.5 (PUCCH) facilitates supporting a single scheme that works for all deployment scenarios. 
· L1-SINR:
1. The TS 38.215 CSI-SINR metric results in slightly lower average and 50% UPT performance than Rel.15 L1-RSRP metric. Therefore, there is no perceivable benefit from 38.215 SINR in UPT. 
2. The proposed RSRP-weighted SINR metric shows large performance gain over both Rel. 15 L1-RSRP and TS 38.215 CSI-SINR metrics.  
3. For multi-beam operation where “long-term” beam metric (such as 38.215 CSI/SSB-SINR or RSRP-weighted SINR) is used:
· If NZP IMR is used, interference estimation accuracy is unnecessarily impaired due to the need for desired channel component subtraction/cancellation exacerbated by the lower FD density of CSI-RS 
· In terms of resource utilization, both ZP and NZP IMR are dedicated resources. There is no difference in terms of resource usage.
4. There is significant performance degradation with NZP IMR when compared with ZP IMR; the performance degradation of TS 38.215 CSI-SINR metric is ~6% in average UPT
· DL/UL beam indication with reduced latency/overhead:
1. In Rel.15, not allowing DCI format 0_0 in SCell with no PUCCH resource configuration penalizes CA deployment, especially in terms of DL control coverage.
· UL beam indication for multi-panel UE:
1. MPUE-assumption 1 has been amply addressed in Rel.15 and further optimization does not offer tangible benefit. 
2. At least for UL codebook-based transmission, the use of target SRS (linked to a reference RS) for UL beam indication is unnecessary.
Proposal:
· SCell BFR:
1. For SCell BFR, BFRQ is transmitted when the UE declares SCell beam failure
· The BFRQ only indicates the event of SCell beam failure and the index(es) of failed CC(s); 
· No other information such as NBI is carried.
· The index(es) of failed CC(s) is explicitly conveyed in BFRQ message. 
2. For SCell BFR, Rel.15 beam failure detection procedure is reused for SCell:
· SCell BFD RS can be in current CC or another CC for both explicit and implicit configurations (cf. Alt3).
3. Support Alt.4 (MAC-CE based solution) for SCell BFR considering its superior trade-off between reliability and latency.
· L1-SINR: If “interference aware” “long-term” SINR-based beam reporting metric is to be supported in Rel.16: 
1. SINR definitions other than that from TS 38.215, such as the RSRP-weighted L1-SINR, should be used
2. Interference measurement for SINR calculation is performed only with dedicated ZP IMR
· [bookmark: _GoBack]FFS: Whether the ZP IMR can be shared with ZP IMR configured for CSI acquisition
· DL/UL beam indication with reduced latency/overhead:
1. Support using one MAC CE to update spatial relation for all PUCCH resources in a CC.
2. Revisit Rel.15 features and assess possible reduction in reconfiguration signaling requirement for DL/UL beam indication (for data and control channels)  
· Streamline options/states (e.g. the number of CSI-RS resources, QCL associations) defined in RRC and/or use L1 control signaling instead
3. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
4. Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent 
· UL beam indication for multi-panel UE: 
1. On Rel.16 UL MP enhancement, 
· Support MPUE-assumption 2 with MPUE-assumption 3 as a special case
· No additional optimization is supported for MPUE-assumption 1   
2. At least for UL codebook-based transmission: 
· Circumvent the unnecessary use of target SRS by introducing UL TCI states (analogous to DL TCI) which are directly associated with reference RS resource IDs (i.e. Alt2)
· The DCI field used for UL beam indication selects the UL TCI state, either a new DCI field or reusing the existing SRI field
· Note: To use this feature for UL multi-panel beam indication, a panel indication can be associated with an UL TCI state indication.
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