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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#90-e. Before that 3GPP carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [2]. This contribution deals with the following objectives of the WID:
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided

[bookmark: _Hlk26996217]TR [2] captures Physical layer impacts to beam management and CSI in the following way:
For the study item, it is recommended to study potential enhancements or alternatives to the scheduling request mechanism to reduce scheduling latency due to beam sweeping, if needed.
For the study item, it is recommended to consider at least the following aspects in system operations with beams:
-	study of BFR mechanism enhancements, if supported,
-	e.g., the use of aperiodic CSI-RS for BFR, increased number of RSs for monitoring/candidates and efficient utilization of the increased number of RSs, enhanced reliability to cope with narrower beamwidth,
-	study of UE capabilities on beam switch timing in beam management procedure,
-	study of enhancements for beam management and corresponding RS(s) in DL and UL are needed further considering at least the following aspects, if supported:
-	beam switching time, beam alignment delay (including initial access), LBT failure, and potential coverage loss (if large SCS is supported),
-	study of beam switching gap handling for signals/channels (e.g. CSI-RS, PDSCH, SRS, PUSCH) for higher subcarriers spacing, if supported.
It is recommended to further investigate potential enhancements, if needed, to beam management at least considering one or more of potentially narrower beamwidths, CP duration, multiple beam indications for multi-PUSCH/PDSCH scheduling, triggering of reference signals for beam management, enhancements to beam management for random access procedure, intra- and/or inter-cell mobility, and adaptation to LBT failures. Minimum requirement on beam switching delay in > 52.6 GHz spectrum should be further studied by RAN4 when specification is further developed.
It is recommended to investigate whether or not enhancements to CSI processing unit (CPU) availability check is needed when the UE is required to process CSI reports corresponding to multiple numerologies across active BWPs in different component carriers.

Discussion
Guard Period between two SRS resources
RAN1#106bis-e [3] made the following agreement related to guard period Y between two SRS resources. 

Agreement:
Like in Rel-15, a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: Whether to define different values of Y for 480 kHz and 960 kHz or not
· FFS: Values of Y dependent on RAN4 feedback on the switching time requirement

Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2



Considering the existing specification, the minimum guard period is based on RAN4 requirement. When referring for the observation in [4][5], we assume 200ns of beam switching time and 5 us of transient time, the required guard time is more than 5.2us. From this assumption, Y for 480kHz and 960kHz can be 3 or 5 symbols.  
Proposal 1: Support following value of minimum guard period Y between two SRS resources of an SRS resource set for antenna switching for 480 kHz and 960 kHz
· Y=3 for 480kHz, Y=5 for 960kHz

Beam switching gap and scheduling restrictions for higher SCSs
In RAN1 #107-e, we have discussed about the necessity of beam switching gap, and potential specification impact including UE capability or scheduling restriction. We think that the following proposal discussed during RAN1#107-e would be a good starting point for further discussion [6]:
3.3.4.3	Proposal 5f (Updated based on Huawei’s comment)
•	Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
•	UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than [X] ns.
•	In UE capability session, discuss what candidate values of the beam switching time should be supported

Proposal 2: For beam switching gap and scheduling restrictions for higher SCSs
•	Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
•	UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than [X] ns.
•	In UE capability session, discuss what candidate values of the beam switching time should be supported.

LBT impact on Beam Management
TRS
In certain unlicensed scenario regulated maximum allowed EIRP limits (e.g. CEPT scenarios c1 and c2 with 40 dBm max EIRP) are such that larger arrays compared to FR2 may not be needed. Thus, beam dimensioning based on FR2 would be enough, e.g. in terms of maximum number of supported SSBs, and beam management procedures developed in Rel. 15 and Rel. 16 are expected to provide a good baseline for unlicensed operation above 52.6 GHz. 
On the other hand, channel access mechanism(s) may have impact on the beam management. Depending on the co-existence scheme, use of periodic reference signals in beam management (e.g. in beam failure detection) may need to be reconsidered. Beam management relies heavily on periodic signals, more specifically on periodic TRS (P-TRS) as QCL source for DL signals and channels. Furthermore, beam failure detection RS and candidate RSs for new beam identification in defined beam failure recovery procedure need to be periodic, and typically failure detection RSs are P-TRSs as being active QCL sources for the PDCCH monitoring in CORESETs. Based on QCL source(s) RS UE prepares channel estimation filters (time and frequency domain estimates like delay spread, doppler spread) and sets its RX beam for the reception of the downlink signals and channels. It can also be noted that in typical deployment the same periodic RSs are used as spatial source for uplink signals and channels, i.e. DL reference signals based on which the UE forms the transmit beam(s) for uplink transmissions. Typical QCL configuration for the downlink signals and channels is provided in Figure 1 (where the RS in the start of the arrow represents the source and the signal in the end of the arrow represents the target).
[image: ]
[bookmark: _Ref44935099]Figure 1 Typical QCL source configuration for the target signals (signals in the end of the arrows).
One problem is that considered channel access mechanism, e.g. LBT, may prevent transmission of P-TRS that is the main QCL source for different signals and channels. Thus, UE may not have up to date QCL source for coming signals/channels to be received (or to be transmitted) and that would impact negatively on the downlink performance but as well the uplink performance. Furthermore, P-TRS must be validated by gNB in sub-7 NR-U, which is inefficient. Thus, it would be beneficial to have a mechanism to be able to transmit P-TRSs dropped due to LBT failure within a period. That could be achieved e.g. by defining a P-TRS burst structure that has multiple opportunities within a certain period. 
[bookmark: _Hlk68629531]Observation 1: For P-TRS transmissions in the cell, it would be beneficial to have a mechanism to be able to transmit P-TRSs dropped due to LBT failure.
Potential solutions could be for instance:
· A beam specific (SSB specific) aperiodic TRS transmission that could be triggered one or multiple UEs at a time to “patch” non-transmitted P-TRS using certain beam (certain SSB as QCL-TypeD source)
· Multiple transmission opportunities for the P-TRS within a time period

[bookmark: _Hlk68629542]Proposal 3: Consider solutions to provide robustness for TRS transmission due to LBT failures, for instance:
· A beam specific (SSB specific) aperiodic TRS transmission that could be triggered for one or multiple UEs at a time to “patch” non-transmitted P-TRS using certain beam (certain SSB as QCL-TypeD source)
· Multiple transmission opportunities for the P-TRS within a time period

BFD-RS
There was a proposal for a method for guaranteeing transmission of BFD-RS against LBT failure. In fact, BFD-RSs are perdic CSI-RS resources configured explicitly or implicitly. For explicit configuration, BFD-RS is explicitly configured with a set of periodic CSI-RS resource. For implicit configuration, BFD-RS is determined by periodic CSI-RS resource indicated by TCI-state for respective CORESETs for UE monitoring. 
Thus, we don’t need to discuss BFD-RS separately for LBT fauilure handling. In addition, generally, periodic TRS is likely to be used for BFD-RS, if mechanism of handling LBT failure for periodic TRS is supported, this is automatically supported.
If other types of CSI-RS such as CSI-RS for acquisition or CSI-RS for beam management are used for BFD-RS, the same mechanism as TRS can be used.    
[bookmark: _Hlk68629551]Observation 2: More transmission opportunities for the BFD-RS against LBT failures can be supported by the same mechanism used for peridic CSI-RS such as TRS.

Beam Management in the COT
If directional LBT is applied e.g. for the shared COT by the gNB, it is assumed that the subsequent transmissions in the COT can take place using transmit beam(s) confined within the spatial directions/domain sensed by the LBT beam(s). That may have impact on the validity of the configured DL RSs for L1-RSRP measurement and reporting as well as on the beam switching (e.g. MAC CE based TCI state update/switch) during the COT. 
E.g. beam switching during the COT may need to differentiate the following cases: 
1)	The new beam is within (one of) the LBT beam(s) of the COT, and 
2)	The new beam is not QCLed with the LBT beam of the COT meaning that it cannot be seen to be within the spatial directions/domain sensed by the LBT beam(s).
In 2) it would be important to the gNB be able switch the beam for the next COT while still be serving the UE with the old beam during the current COT. Thus, e.g. application time of the beam switching command could take into account whether or not the new beam is within the LBT beam of the COT.
[bookmark: _Hlk68629563]Proposal 4: In case of directional LBT (if applied), consider impacts on beam management in the COT, e.g. 
· impact on validity of the configured DL RSs for L1-RSRP measurement and reporting and 
· impact on beam switching application time within the COT (e.g. the case when the new beam is or is not QCLed with the LBT beam of the COT). 

Multi-slot CSI-RS
When operating with higher SCS, like 960 kHz SCS, PDCCH monitoring periodicity may likely be in absolute time domain similar to operation at 120 kHz SCS in order to keep PDCCH processing requirements similar to FR2. To reflect that it has been agreed to support multi-slot PDSCH and PUSCH scheduling. The same logic can be considered e.g. for the CSI-RS as well, i.e. to enable multi-slot aperiodic CSI-RS transmission. That can be provided e.g. with one of the following alternatives:
· Alt1: Use slot offset (could reuse the parameter CSI-ResourcePeriodicityAndOffset currently applicable only for periodic and semi-persistent resource) parameter for the aperiodic CSI-RS resource where the offset would be calculated from the slot where the first CSI-RS resource of the same set is allocated
· Alt2: Enable a single triggering state to have multiple CSI-RS resource sets for channel measurements where the sets can be configured with different slot offsets relative to each other

From the above alternatives, the Alt1 would require less standardization work and would be more simple. Thus, if multi-slot CSI-RS is introduced, Alt1 would be preferred approach.
[bookmark: _Hlk68629577]Proposal 5: If multi-slot CSI-RS is supported, use slot offset (by reusing the parameter CSI-ResourcePeriodicityAndOffset currently applicable only for periodic and semi-persistent resource) parameter for the aperiodic CSI-RS resource where the offset would be calculated from the slot where the first CSI-RS resource of the same set is allocated. 
Conclusion
Based on the discussion in the previous chapter we made the following observations and proposals:
Proposal 1: Support following value of minimum guard period Y between two SRS resources of an SRS resource set for antenna switching for 480 kHz and 960 kHz
· Y=3 for 480kHz, Y=5 for 960kHz

Proposal 2: For beam switching gap and scheduling restrictions for higher SCSs
•	Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
•	UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than [X] ns.
•	In UE capability session, discuss what candidate values of the beam switching time should be supported.

Observation 1: For P-TRS transmissions in the cell, it would be beneficial to have a mechanism to be able to transmit P-TRSs dropped due to LBT failure.
Proposal 3: Consider solutions to provide robustness for TRS transmission due to LBT failures, for instance:
· A beam specific (SSB specific) aperiodic TRS transmission that could be triggered for one or multiple UEs at a time to “patch” non-transmitted P-TRS using certain beam (certain SSB as QCL-TypeD source)
· Multiple transmission opportunities for the P-TRS within a time period

Observation 2: More transmission opportunities for the BFD-RS against LBT failures can be supported by the same mechanism used for peridic CSI-RS such as TRS.
Proposal 4: In case of directional LBT (if applied), consider impacts on beam management in the COT, e.g. 
· impact on validity of the configured DL RSs for L1-RSRP measurement and reporting and 
· impact on beam switching application time within the COT (e.g. the case when the new beam is or is not QCLed with the LBT beam of the COT). 

Proposal 5: If multi-slot CSI-RS is supported, use slot offset (by reusing the parameter CSI-ResourcePeriodicityAndOffset currently applicable only for periodic and semi-persistent resource) parameter for the aperiodic CSI-RS resource where the offset would be calculated from the slot where the first CSI-RS resource of the same set is allocated. 
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