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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#90-e meeting, the Rel. 17 NR_ext_to_71GHz WID [1] was approved.  We consider the key issues of enhanced support for scheduling multiple PDSCH using a single DCI, as well as incorporating UE adjacent symbol beam switching and total beam switches per slot limitations. We recall the following agreements that were made in RAN1 #104-e:
Agreement:
· Further study the following: 
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
Agreement:
· Study whether/how to introduce a beam switching gap between signals/channels 
· FFS: condition to apply including potential UE capability definition
· Study should account for inputs from RAN4

Subsequently, the following related agreement was made in RAN1#104b-e meeting. 
[bookmark: _Hlk83373596]Agreement:
For multiple PDSCHs/PUSCHs scheduled by a single DCI, at least for single TRP, support indication of only a single TCI state/SRI in DCI
· FFS: number of TCI states/SRIs in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP
UE Beam Switch Related Capabilities
We first consider adjacent beam direction switch capability. Each UE can have a different such beam switching capability. A conservative value considered for analog beam switch duration discussed in TR 38.817-01 is of the order of 100ns. Using this conservative value, we can determine that a beam switch cannot be accomplished within the CP length of 73ns in sub-carrier spacing (SCS) of 960 kHz. Moreover, upon adding delay spread, timing errors and other impairments it may even be infeasible to accommodate beam switch duration within the 146ns CP length for SCS of 480 kHz. The following reply summarized in Table-1 was received from RAN4 on beam switch timing [2]. 
We note from Table-1 that even for gNB switching a value of 59ns has been tentatively agreed. This implies that UE adjacent symbol reception and beam switching is very likely to be infeasible for 960 kHz SCS and possibly even for  480 kHz SCS, with the latter likely to be true for at least a class of UEs (in-fact a value of 200ns for the UE beam switch time was under discussion in RAN4). We note that since hitherto beam switch time was not an issue,  there are indeed several situations in FR2-1 where such beam switching and reception over consecutive OFDM symbols is required to be performed by the UE. Some specific instances are the following: (i) when CSI-RS associated with different beams (distinct QCL-D assumptions) are assigned to the same user over adjacent OFDM symbols or  (ii) when a PDCCH monitoring occasion assigned to a UE is immediately followed by a PDSCH symbol scheduled for that UE, with their associated receive beam directions being different. 
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A safe solution to satisfy beam switch delay constraint for the frequency range 52.6-to-71 GHz (termed FR2-2) is for the gNB to ensure that no UE will need to perform reception (transmission) along with beam switching over adjacent OFDM symbols in both 480 kHz and 960 kHz SCS. In other words, purely via scheduling gNB ensures there is always a symbol gap from a UE’s perspective whenever a beam switch would otherwise be needed in each of these SCS (for example in the aforementioned instances). This gap is then regarded by that UE as a symbol on which nothing intended for it would be transmitted by the gNB nor is it expected to transmit. 
However, this solution has two drawbacks. Firstly, it precludes taking advantage of UE implementations that allow for faster beam switch. A more efficient solution could be some signaling to indicate UE beam switch capability, which would then allow gNB to decide whether or not to provision a symbol gap (to accommodate beam switch) in a UE specific manner. Clearly if this capability is signaled then a UE should not be expected to perform a reception entailing a beam switch at a rate exceeding its signaled capability. 
Secondly, relying on scheduling alone may become limited by the worst-case and can rule out choices/configurations where even only one occasion out of many presents an adjacent symbol reception and beam switch to a UE without that capability. A better alternative is to retain such configurations, but instead specify UE behavior for the occasions where the gNB schedules adjacent symbol reception and beam switching exceeding UE’s capability. For instance, in such a scenario the UE can be mandated to prioritize decoding its scheduled PDCCH symbols and refrain from receiving other transmissions intended for it that require a beam switch violating its indicated capability. This behavior will indeed be an extension of  existing Rel.16 behavior from clause 5.1.5 of TS 38.214 summarized below where UE behavior for overlapping PDSCH and PDCCH with distinct QCL-D is specified:
“Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).”

A similar situation also arises in FR2-1 in case of overlapping PDCCHs with distinct QCL-TypeD and a UE behavior has been defined (cf. TS 38.213 clause 10.1). 
More generally, in FR 2-2 UE behavior for scenarios entailing overlapping distinct beams can be addressed as in FR2-1. In addition, scenarios entailing adjacent symbol reception and beam switch by the UE must also be considered, and a UE incapable of such operation (requiring faster beam switch) can be mandated to prioritize receiving one type of transmissions it is supposed to receive over the other. Furthermore, the gNB can assume that a UE is incapable of adjacent symbol reception and beam switching in case that UE does not signal its capability. Based on the aforementioned examples, a natural precedence relation is to mandate the  UE to prioritize symbols corresponding to PDCCH monitoring occasions and switch on preceding symbols (and possibly subsequent symbols) whenever a switch (and symbol gap) is needed. 
[bookmark: _Hlk78553109]Proposal 1: For both 480 kHz and 960 kHz SCS, UE is not expected to be able receive downlink data or control channel or reference signals with different QCL-TypeD properties on adjacent symbols within a slot if that exceeds its signaled beam switch capability.
[bookmark: _Hlk83907166]Proposal 2: Analogous to the overlapping PDCCH/PDSCH and PDCCH/PDCCH with different QCL-TypeD situation in FR2-1, in FR2-2 a precedence relation is necessary for UEs incapable of adjacent symbol reception with  beam switching.
	
[bookmark: _Hlk82729929]We next consider maxNumberRxTxBeamSwitchDL which defines the number of Tx and Rx beam changes UE can perform within a slot, across all configured serving cells. In FR2-1 the UE shall report one value from  list {4,7,14} per each SCS. A UE in FR 2-2 is expected to repurpose to a significant extent the legacy hardware and designs from FR 2-1. However, it has to contend with much shorter symbol durations in FR 2-2 (4 and 8 times shorter for 480 and 960 kHz, respectively, compared to 120 kHz SCS in FR 2-1). Consequently, smaller values have been introduced as UE maxNumberRxTxBeamSwitchDL capability values as summarized in the agreement below made in RAN1#106-e. 
Agreement:
For maxNumberRxTxBeamSwitchDL,
· For 480 kHz, support 7 as a candidate value for 480 kHz in addition to the agreed candidate values 2 and 4
· For 960 kHz, support one of the following alternatives
· [bookmark: _Hlk83193067]Alt-1: Support 1, 4 and [7] as candidate values for 960 kHz in addition to the agreed candidate values 2
· Alt-2: Support 4 as a candidate value for 960 kHz in addition to the agreed candidate values 2
· No additional candidate values are supported
We slightly prefer to support Alt-1 over Alt-2. This is because one of the issues in addition to  beam switch time capability that limits maxNumberRxTxBeamSwitchDL is the minimum duration between consecutive beam switches. Since the values under discussion in RAN4 for the latter are quite large, the value of 1 may be needed for some UE implementations. Similarly, at the higher end, a value of 7 should be supported if feasible.   
Proposal 3: Support Alt-1: For maxNumberRxTxBeamSwitchDL support {1, 4 and [7]} as candidate values for 960 kHz in addition to the agreed candidate values 2. 
The implications of these newer and smaller limiting values on the maximum number of beam switches per slot must be considered. A prudent approach is to define UE behavior when presented with a scenario entailing more switches per slot than its indicated capability. As remarked earlier, relying on gNB scheduling alone to avoid such scenario may become limited by the worst-case. 
[bookmark: _Hlk83934146][bookmark: _Hlk83768226]Proposal 4: UE is expected to prioritize reception based on a priority ranking and is expected to receive at-least those symbols in a slot (using their corresponding beams) that are associated with signals (or channels) whose priorities are in the top maxNumberRxTxBeamSwitchDL highest priorities among signals of all symbols in that slot. 
	FFS: Details of priority ranking
Timing Associated with Beam-based Operation in new SCS
We proceed to present our proposals on remaining issues pertaining to timing related parameters in FR2-2.  We first recall the definitions of these parameters from FR 2-1.
TimeDurationForQCL: The IE “timeDurationForQCL” defines the minimum number of OFDM symbols required by a UE to perform PDCCH reception, which at-least includes retrieval of spatial QCL information received in the DCI and applying that spatial QCL information on phase shifters in order to prepare spatial receive filters for receiving scheduled PDSCH. 
BeamSwitchTiming: The IE “beamSwitchTiming” indicates  the UE’s capability on the minimum number of OFDM symbols it requires between the end of the last symbol of the PDCCH that contains the DCI which triggers aperiodic CSI-RS and the beginning of the first symbol of the CSI-RS transmission.
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]BeamReportTiming: The IE “beamReportTiming” indicates the minimal number of OFDM symbols required between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides this capability for the band number for which the report is provided (where the measurement is performed) and it includes this field for each supported sub-carrier spacing.
The following agreement was reached in RAN1#104b-e meeting. 
Agreement:
For timeDurationForQCL, beamSwitchTiming and beamReportTiming,
· Following candidate values of FR2 are reused for 120 kHz:
· timeDurationForQCL: 14 and 28 symbols
· beamSwitchTiming: 14, 28, 48, 224 and 336 symbols
· beamReportTiming: 14, 28 and 56 symbols
· For 480 kHz
· Support at least the candidate values for 120 kHz scaled by 4x
· FFS: Support for additional candidate value(s)
· For 960 kHz
· Support at least the candidate values for 120 kHz scaled by 8x
· FFS: Support for additional candidate values(s)
· FFS: UE capability signaling details
· Note: The scaled values 224 and 336 symbols for beamSwitchTiming are used as in Rel-16 (defined in Rel-15 with updates in Rel-16).

Subsequently, the following agreement was reached  in RAN1#106-e meeting. 
Agreement:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· Support one of the following alternatives
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Alt-2: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively 
· For UE capability signaling, UE reports one value of the candidate values in OFDM symbols per each SCS

In our view Alt-1 is an appropriate option given the timeline for Rel.17 and the fact that all basic operations can be undertaken with the set  of values that have already been agreed to be supported for 480 kHz and 960 kHz SCS, respectively. 
[bookmark: _Hlk83918816]Proposal 5: Support Alt-1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming no additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz
Recall that in FR2-2 the beam switching time need not be safely absorbed in the CP length. Thus, it may not always be possible for the gNB to realize UE indicated timing parameter capability over a scheduling allocation. Consider TimeDurationforQCL capability indicated by a UE that cannot receive two adjacent symbols with different beams. This indicated capability cannot be realized over a scheduling allocation  where the UE is scheduled to receive a PDSCH symbol with exactly TimeDurationforQCL offset, while further being mandated to use a distinct default beam and receive  the immediately preceding symbol.
With this understanding, the “minimum” duration (or number of symbols) present in all three timing related parameters’ definitions stated above, needs further qualification for FR 2-2. In particular, the qualification that needs to be applied to the case of TimeDurationforQCL is that:
“UE is not expected to receive the OFDM symbol immediately preceding the symbol with scheduling offset equal to TimeDurationforQCL, with a different receive spatial beam  than the one to be used for the latter OFDM symbol, if such consecutive symbol reception and beam switch exceeds its beam switch capability”.  
An analogous qualification applies to each one of the other two parameters. We emphasize that in FR 2-1 no such qualification is needed.
1. QCL Assumptions for Scheduling Multiple-PDSCH using a single DCI
   
Towards enhanced support of scheduling multiple PDSCH using a single DCI, the following agreement was made in RAN1#106-e, which we will refer to here as Agreement-QCL.
Agreement:
For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case

From Agreement-QCL we see that UE behavior in Case 1 has been fully decided. Consequently, in Fig. 1 we have depicted a scenario under Case 2 of multi-slot PDSCH scheduling with a single DCI. Note here that the UE can apply the TCI state indicated in the triggering DCI for all PDSCH with scheduling offsets no less than  timeDurationForQCL. However, a rule for UE default beam selection needs to be defined at-least for all PDSCH with offsets less than timeDurationForQCL. Such a default beam selection rule will be particularly beneficial for latency constrained URLLC traffic since it can be scheduled by the gNB without waiting to ensure that the PDSCH carrying such traffic have offsets at-least as much as timeDurationForQCL. 
[image: ]
	Fig 1. Multi-slot PDSCH scheduling
[bookmark: _Hlk67760306]We note that we can directly extend and apply the default beam selection rule defined in Rel.15/16 for single PDSCH scheduling (cf. clause 5.1.5 of TS 38.214). As per this rule (paraphrased in our words): for a PDSCH with offset less than timeDurationForQCL, the UE will use as default beam the spatial beam used to receive symbols on monitoring occasion(s) in the latest monitored slot (at or prior to the one containing PDSCH) that are associated with the CORESET of lowest ID among all those monitored in that slot. Consequently, upon applying the direct extension, PDSCH (if any) that have offsets smaller than “timeDurationForQCL” can be received by the UE with   different RX beams. Thus, any beam selection rule that is built upon direct extension of Rel. 16 default beam selection to buffer PDSCH with offsets less than timeDurationForQCL, would fall under Alt. 2 in Case-2 of the Agreement-QCL stated above. One such natural or straightforward example of a rule under Alt. 2 uses the direct extension of Rel.15/16 default beam selection for PDSCH with offsets less timeDurationForQCL, and the behaviour in Case-1 for PDSCH with offsets no less than timeDurationForQCL. 
Next, consider beam selection schemes that belong to Alt. 1 of Case-2. In any such candidate scheme, the UE would buffer symbols using some default beam till it decodes a scheduling DCI. If all scheduled PDSCH offsets are then revealed to be greater than or equal to timeDurationForQCL, then the UE adopts the behaviour in Case-1, or else it would buffer remaining PDSCH with the default beam. Thus, the schemes under Alt.1 differ in terms of how the default beam is selected. 
Using a common beam (single QCL assumption) to receive all PDSCH scheduled by a single DCI has certain advantages--such as improved channel estimation, AGC tuning, simplified MCS determination-- whenever the choice of this common beam is appropriate and is unambiguous to the UE. The straightforward example of Alt.2 scheme detailed above does not have these advantages of using a common beam, but it can ensure that an optimized indicated RX beam is used by the UE for all PDSCH with offsets at least as large as its timeDurationForQCL. 
Overall, the advantages accrued via a common beam (single QCL) Alt. 1 scheme can slightly outweigh those of an Alt.2 scheme. Let us consider suitable candidate Alt.1 schemes under Case-2. One option is to configure for each UE a default beam. However, in order to adapt to the UE’s changing channel conditions, this default beam should then be sufficiently dynamically reconfigurable while respecting the original actual spatial RX beam preparation and switching related capability of that UE. This of-course entails more signalling and more specification changes that may not be warranted given the slight additional advantages. 
Another solution that appears to be more promising for enforcing single QCL assumption in Case-2, is to enforce that the common beam (single QCL assumption) employed by the UE, is the one derived based on default selection rules for its first PDSCH slot. While such an approach can have much smaller specification impact, there can be an ambiguity since the precise slot containing the first scheduled PDSCH will be known to the UE only upon detecting and processing the DCI, which can take up to  timeDurationForQCL symbols post reception of the PDCCH. Indeed, the offset K0 of the first slot containing PDSCH as well as all other PDSCH slot offsets are dynamically indicated in the DCI using an index that identifies a row of the TDRA table. 
Another relevant factor that must also be considered, given the fact that timeDurationForQCL can be 4 or 8 slots for 480 kHz and 8 or 16 slots for 960 kHz, is the possibility that one or more PDCCH monitoring occasions with distinct corresponding beams (associated TCI states) are configured for a UE within a duration of timeDurationForQCL symbols from a prior PDCCH monitoring occasion. In any such scenario, the UE should be unambiguously able to determine a slot index on which it should apply Rel. 15/16 rule in order to obtain a default beam.  A simple option is for the gNB to configure for the UE an estimate of its first PDSCH slot that it must use with each of its PDCCH monitoring occasion (which we remark can be distinct from the actual one indicated in any scheduling DCI present in that PDCCH monitoring occasion). An immediate advantage is that the gNB can prevent the UE from employing the wider CORESET-ID 0 beam to receive its PDSCH, while also being able to flexibly schedule those PDSCH.  
[bookmark: _Hlk83416195]Proposal 6: For Case-2, default QCL assumption is derived using a configured value of the first scheduled PDSCH slot offset, i.e., configured choice of the slot containing PDSCH with the smallest scheduling offset. The default QCL assumption derived for this PDSCH slot, is the same as that specified in Rel. 16 for single-PDSCH scheduling when the scheduling offset is less than timeDurationForQCL.
  FFS: Details of configured value. 
We next consider the first FFS item in Agreement-QCL which pertains to collision with semi-statically configured UL symbols. We recall a related agreement made in RAN1# 106-e
Agreement:
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not receive the PDSCH.
· FFS on how to handle HARQ-related issue for the PDSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PDSCHs by a single DCI, where every PDSCH is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

In light of this agreement, a natural consideration is to simply ignore all PDSCH with collisions with respect to the purpose of QCL assumption determination. In addition, other symbols of such  PDSCH can be regarded as gap symbols. 
[bookmark: _Hlk83767292]Proposal 7: Any PDSCH whose one or more symbols collide with  semi-statically configured UL symbols is ignored for the purpose of QCL determination. The remaining symbols of that PDSCH can be regarded as gap symbols. 
We capture an additional progress on the support of multi-TRP multi-PDSCH scheduling. 
Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs

Our opinion is given in the following proposal. 
Proposal 8: Multi-TRP scenario should be considered once all remaining details in the single-TRP case have been addressed.
RS support for LBT Procedures
The roles of periodic-RS in both beam failure check (BFC) and candidate beam evaluation (CBE) are well recognized. There are two issues---(i) mandatory LBT with the possibility of failing LBT and (ii) restricting RS transmission to within the channel occupancy time (CoT) upon succeeding---that together create several situations where adequate periodic RS support for BFC and CBE cannot be provided by the transmitter or gNB. This has led to support for triggering aperiodic CSI-RS or TRS by the gNB to substitute for a missing periodic RS transmission [5]. One key motivation behind this support is the need to prevent UE from assuming a spurious link misalignment in situations with a relatively short-term LBT failure at the gNB. Here by short-term we mean that there is a relatively high likelihood of LBT at the gNB succeeding (with the same sensing beam) before the next scheduled periodic-RS transmission. Thus, the gNB can perform an LBT and upon success (which is likely), trigger and setup an aperiodic RS transmission. The UE can then adjust failure counter it maintains and combine the measurements on this aperiodic RS and the previous periodic ones, all of which correspond to the same transmit beam. In addition, a UE implementation can also detect the absence of a periodic RS transmission. Upon such detection, it can also tentatively assume an LBT failure at the gNB and then expect a trigger for an aperiodic RS before the next scheduled periodic RS. 
An argument against the approach described above which entails triggering aperiodic CSI-RS, is to rely instead on a legacy (Rel. 16) solution that is based on counters and timers.  One key reason for not relying just on such legacy solution is that it need not be agile enough. In particular,  the legacy solution may end up either declaring too many failures (when the threshold is set to be a low value and the reset timer is set to be a large value). Conversely, it may become too conservative in flagging such failures whenever the threshold is set high and/or the reset timer is set to a small value. 
Proposal 9: Utilize aperiodic CSI-RS transmission to address impact of LBT failure on periodic RS transmissions intended to support beam failure recovery. 

[image: ]
Fig. 3: Persistent interferer (TX-B) can cause sustained LBT failure at TX-A. Switching to alternate beam is preferable for TX-A--RX-A link.  

Mandatory LBT brings up another issue related to the aforementioned scenario that also merits consideration. Consider Fig. 3, which depicts the presence of an interferer (TX-B) transmitting along a beam which has a significant overlap with the sensing beam that is used by TX-A for directional LBT sensing. Suppose further that this interferer will begin transmitting for a relatively persistent or sustained duration. This scenario will violate the implicit “short-term LBT failure at the gNB” assumption made before. We thus have a situation in which using the original beam for transmission by gNB (TX-A) which might still be feasible from the UE’s (RX-A’s) point of view, becomes untenable as per LBT protocol. This is because LBT at gNB using the original sensing beam will keep classifying intended transmission by it as a potential interference to an ongoing transmission. In such a situation the gNB should instead switch to an alternate transmit beam that is available. Consequently, the gNB should perform an LBT with an alternate sensing beam (aligned with the alternate transmit beam). Since the likelihood of LBT success becomes higher using the alternate sensing beam, the gNB is more likely to be able to trigger and switch to using the alternate transmit beam. Extending this argument, the gNB can also attempt to trigger and re-evaluate a previous best beam that it had to abandon due to a persistent LBT failure in the past. In each case the gNB should be enabled to achieve a low latency beam switch for precoding periodic RS using an updated transmit beam. This will enable low latency beam switch to address sustained LBT failure.  

[bookmark: _Hlk68622756][bookmark: _Hlk68626056]Proposal 10: Consider support for low latency beam (QCL-TypeD) switch of periodic RS transmissions after persistent or sustained LBT failure.  
Conclusions
In this contribution, we have presented our views on beam management for shared spectrum access in beyond 52.6GHz.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: For both 480 kHz and 960 kHz SCS, UE is not expected to be able receive downlink data or control channel or reference signals with different QCL-TypeD properties on adjacent symbols within a slot if that exceeds its signaled beam switch capability.
Proposal 2: Analogous to the overlapping PDCCH/PDSCH and PDCCH/PDCCH with different QCL-TypeD situation in FR2-1, in FR2-2 a precedence relation is necessary for UEs incapable of adjacent symbol reception with  beam switching.	
Proposal 3: Support Alt-1: For maxNumberRxTxBeamSwitchDL support {1, 4 and [7]} as candidate values for 960 kHz in addition to the agreed candidate values 2. 

Proposal 4: UE is expected to prioritize reception based on a priority ranking and is expected to receive at-least those symbols in a slot (using their corresponding beams) that are associated with signals (or channels) whose priorities are in the top maxNumberRxTxBeamSwitchDL highest priorities among signals of all symbols in that slot. 
	FFS: Details of priority ranking

Proposal 5: Support Alt-1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming no additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz

Proposal 6: For Case-2, default QCL assumption is derived using a configured value of the first scheduled PDSCH slot offset, i.e., configured choice of the slot containing PDSCH with the smallest scheduling offset. The default QCL assumption derived for this PDSCH slot, is the same as that specified in Rel. 16 for single-PDSCH scheduling when the scheduling offset is less than timeDurationForQCL.
  	FFS: Details of configured value. 

Proposal 7: Any PDSCH whose one or more symbols collide with  semi-statically configured UL symbols is ignored for the purpose of QCL determination. The remaining symbols of that PDSCH can be regarded as gap symbols. 

Proposal 8: Multi-TRP scenario should be considered once all remaining details in the single-TRP case have been addressed.

Proposal 9: Utilize aperiodic CSI-RS transmission to address impact of LBT failure on periodic RS transmissions intended to support beam failure recovery. 

Proposal 10: Consider support for low latency beam (QCL-TypeD) switch of periodic RS transmissions after persistent or sustained LBT failure.  
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Table 1:  Summary of 60 GH z time - related issues and agreements  

Issue  Agreement  

RX - TX and TX - RX beam  switching  -   For NR operation in th e 52.6  –   71 GHz range, the Rx - Tx and Tx - Rx transition time  shall reuse the FR2 value of 13792 Tc. (7.015 usec) for 120 kHz SCS   -   FFS for Rx - Tx and  Tx - Rx transition time for 480/960 kHz SCS  

Minimum duration  between beam switches  -   RAN4 will further discuss   the  d efinition of beam switch scenario(s) related to this  proposed requirement   and  w hether a requirement on the minimum duration  between beam swit ches is neede d   -   If the requirement is needed, then  RAN4 will further discuss  how to decide the  value  

UE Beam switch time  (beam direction switch  only)  -   RAN4 will further discuss   based on the following alte rnatives : (1) simulation study   to  q uantify impact   of beam switch time on   network performa nce , (2) further discussion  of UE feasibility, (3)  analysis of the system impact (by some other means than sim  study)  

UE Inter - panel Beam  switch time (beam  direction switch only)  -   Depends on   conclusion of the intra - panel beam switch time   and  analysis of delays  in addition to intra - panel, if any, associated with inter - panel beam switch time  

g NB Beam switch time  (beam direction switch  only)  -   R AN4 tentatively agrees [59 ns] with the understanding that the   value can b e  confirmed once open issues related to BS output power are resolved  

TX ON - ON and TX ON - OFF transient period  -   Re - use UE transient time from current FR2 for 120 kHz SCS   -   FFS on UE transient time for 480/960 kHz SCS  
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