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Introduction
In this contribution, we focus on issues main Signalling specifications due to HST FR2 deployment.

Disucssion
According to the approved WF, signalling requirements including BFD&BFR and Link recovery were agreed as follows:
	· RLM/BFD:
· FFS: including RLM evaluation period for Qout and Qin especially regarding the scaling factor N=8 and the factor P for HST in FR2
· Link recovery:
· FFS: analyse and evaluate beam failure and candidate beam detection evaluation period for Qout especially regarding the scaling factor N=8 and the factor P for FR2 HST scenario



Recalling measurement periods needed for RLM and RLM/BFD as follows:
Table 8.1.2.2-2: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2
	[bookmark: _Hlk513850590]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P  N)  TSSB)
	Max(100, Ceil(5  P  N)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15  P  N)  Max(TDRX,TSSB))
	Max(100, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P  N)  TDRX
	Ceil(5  P  N)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.



Table 8.5.2.2-2: Evaluation period TEvaluate_BFD_SSB for FR2
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P  N)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P  N)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



Assuming Max (TDRX,TSSB) =40ms and scaling factor N=8,
· Keep 7.5 in table, TEvaluate_in_SSB ,TEvaluate_BFD_SSB=7.5840ms =2400ms, i.e., 233 m at speed=350 km/h(97m/s). 
· Replace 7.5 with 5, TEvaluate_in_SSB ,TEvaluate_BFD_SSB= 5840ms =1600ms, i.e., 155.2 m at speed=350 km/h(97m/s).
Implied by the comparison, enhancement of 7.5 replacement with 5 is necessary.
If to further shorten evaluation period from small beam sweep number perspective, below comparisons show:
· Assuming beam sweep number =2 in bi-directional deployment, TEvaluate_in_SSB,  TEvaluate_BFD_SSB=800ms, i.e., 39 m at speed=350 km/h(97m/s).
· Assuming beam sweep number =1 in uni-directional deployment, TEvaluate_in_SSB,TEvaluate_BFD_SSB=200ms, i.e., 20 m at speed=350 km/h(97m/s).

Although UE only move 155 m within time period for RLM/BFD with scaling factor N=8 and it is a short distance compared with entire SSB coverage, we'd like to investigate whether any BFD/RLM might occur as a result of the deployment cases in the following figures.
From left to right, there are SNR curves for idea SNR, average SNR within 40ms per SMTC/DRX and average SNR within 80ms per SMTC/DRX. The graphs show some possible SNR drops may happen in one SMTC/DRX periodicity. 
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Figure 4: Scenario A + Uni-direction 
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Figure 5: Scenario B + Uni-direction
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Figure 6: Scenario B + Bi-direction
Observation 1: Certain beam failures may occur in Uni-direction (UE moves toward the direction of the boresight of the RRH's panel) and bi-direction deployments. In this case, a long scaling factor prolongs BFI timer (e.g., 8), it may introduce longer beam management failure instead.
Besides of Observation 1, other possibilities of beam failure or low L1-RSRP may happen in practical circumstances. In this sense, flexible enhancement besides of minimization of measurement period with fixed number is expected to our understanding. 
Observation 2: One of essential difficulties in beam management is that these two concerns are contradicting: 
· In most of the time, owing to fixed trajectory, the UE does not need to operate with a scaling factor of 8 once good side condition of beam management and may benefit from fewer and faster measurements. 
· However, reducing the scaling factor will have negative effects on beam management performance when RLD or BFD happens or L1-RSRP is lower than certain level because of less possibility to capture candidate beam and recovery. 
In last meeting, some companies also presented some ideas from variant approaches to mitigate it. A general approach is like that UE has two states for beam management/beam handling. Say normal and enhanced states are the exemplary terms used to represent these two states. Different states include additional or updated beam sweep number, additional or updated beam sweep directions and/or time instances for measurements. In accordance with the specification definitions, relevant requirements are added with corresponding different scaling factors and/or time instances. 
The UE may be configured to check one or more criteria(s) to determine whether to switch to enhanced state from normal state, vice versa. The one or more criteria(s) may include comparison between the measured L1-RSRP (or hypothetical error rate of PDCCH), configurated threshold and certain time instance. The mechanism enables the UE to cover extra more spatial coverage through receiving signals/beams from strongest RRH or RRM whose signal level above specified threshold in case quality of current beam and link has degradation or problem.
Proposal 1: Beam sweep number and other beam properties (e.g., time instances for measurement) are changeable in accordance with definition of differentiating UE states for beam management, which enhances efficiency of recovery from failure meanwhile keeps faster measurement in normal case. 

According to the approved WF, TCI state switching was agreed as follows:
	· Revise TCI known conditions for HST scenario
· FFS the TCI state switching delay requirements considering the following aspects :
· delay requirement for unknown TCI state condition
· the impact of one additional L1-RSRP measurement period due to unknown TCI state condition
· the problem of large difference in propagation delays
· re-using of existing TCI switching delay in known case



We present our views on TCI known conditions and the necessity to be revised for HST as follows.
Firstly, the known TCI conditions are defined in [2] and pasted as below: 
	The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.



The main issue concern that whether 1280ms is too late for HST, no more other issues remain despite of that. 
The rationale behind current TCI state known definition is that UE is required to at least sends 1 measurement report to network for the target TCI state. In the worst case, when UE receives the TCI state switch command, UE has never measured the RS resources in the 1.28s duration which is basically derived from 8*160ms. Thus, the measurement report should be within the 1.28s of the last transmission of the RS resources for beam measurement. Also, in this time period, UE is presumed can ‘remember’ configurations for the QCL properties of the RS. 
Essentially, ‘known’ is based on this kind of condition which UE needs to fulfill: If the new TCI is ‘known’, the UE would not need to wait for SSB to do a UE beam sweep to figure out which UE beam to use or to acquire timing on the new beam. In case the UE has never measured the new beam, then it would need to go through UE beam sweep to find out the best beam to use.
Observation 3: The purpose of 1280ms only can capture validity of measurement certainly. As a result, it doesn’t make sense to revise 1.28s to smaller number. In the other word, the time length isn’t to and cannot capture target TCI state’s constancy and reliability. Result of revising 1.28s only adds further limitations to UE and NW but cannot solve the most important problem in HST scenario.
Proposal 2: No need to enhance 1280ms. More important issue in HST is SNR of the TCI state ≥ -3dB. if main concern is from short beam dwelling time compared with 1280 ms, SNR is the actual metric which identify known or unknown TCI state.  What we should be aware of is how to avoid SNR <-3dB when TCI state is required. 

According to the approved WF, TCI state switching enhancement was agreed as follows:
	· FFS whether the following enhancement for TCI state switching are needed
· Option 1: UE can initiate TCI state switch if it selects a candidate DL RS from the candidate set associated with the current TCI state
· Other options are not precluded



The advantage of fixed trajectory in the HST FR2 scenario is that some information exchanges between the UE and gNB may be omitted and the behavior of the UE can be predicted without compromising robustness or reliability.
Observation 4: To our understanding, the enhancement of TCI state switch can be from two approaches.
· Trigger TCI switch with conditions pre-defined or configured to avoid sharp suddent drop of SNR especially when conjunction between two consecutive SSB indexes. UE reports L1-RSRP results for one or more beams (e.g., serving and target beams) to network node and the network node evaluates one or more conditions based on the received results and decides based on the evaluation whether to send TCI state switching command to the UE or not.

· Shorten delay/latency in TCI switching procedure. The UE is designed to perform the TCI state switch under specified situations without or before received command. When one or more criteria(s) are satisfied, the UE performs TCI state switching to a target beam; otherwise, the UE does not conduct TCI state switching. The criteria can be determined by comparing pre-configured thresholds to the combination of the target beam's signal level, the source beam's signal level, and the UE's RRH-relevant location optionally.
the UE may change TCI state also send indication to the network node indicating whether TCI state switching to the target TCI state is done or not. Based on the received indication the network node can determine if TCI state was updated/switched or not to start scheduling PDSCH on new TCI if TCI state is updated; otherwise, network node continues scheduling PDSCH on old TCI state.
[bookmark: _Hlk78793255]If we agree the above proposals, the discussion also needs to be checked in RAN1 FeMIMO thread.
Proposal 3: We propose enhancements based on both options in Observation 4. And we are open to detail discussion and more options. 
· Support option1 to minimalize delay/latency due to TCI switching. 
· Trigger TCI switch with pre-defined or configured conditions to avoid sharp suddent drop of SNR e.g., when conjunction between two consecutive SSB indexes.

Conclustion
Observation 1: Certain beam failures may occur in Uni-direction (UE moves toward the direction of the boresight of the RRH's panel) and bi-direction deployments. In this case, a long scaling factor prolongs BFI timer (e.g., 8), it may introduce longer beam management failure instead.
Observation 2: One of essential difficulties in beam management is that these two concerns are contradicting: 
· In most of the time, owing to fixed trajectory, the UE does not need to operate with a scaling factor of 8 once good side condition of beam management and may benefit from fewer and faster measurements. 
· However, reducing the scaling factor will have negative effects on beam management performance when RLD or BFD happens or L1-RSRP is lower than certain level because of less possibility to capture candidate beam and recovery. 
Observation 3: The purpose of 1280ms only can capture validity of measurement certainly. As a result, it doesn’t make sense to revise 1.28s to smaller number. In the other word, the time length isn’t to and cannot capture target TCI state’s constancy and reliability. Result of revising 1.28s only adds further limitations to UE and NW but cannot solve the most important problem in HST scenario.
Observation 4: To our understanding, the enhancement of TCI state switch can be from two approaches.
· Trigger TCI switch with conditions pre-defined or configured to avoid sharp suddent drop of SNR especially when conjunction between two consecutive SSB indexes. UE reports L1-RSRP results for one or more beams (e.g., serving and target beams) to network node and the network node evaluates one or more conditions based on the received results and decides based on the evaluation whether to send TCI state switching command to the UE or not.

· Shorten delay/latency in TCI switching procedure. The UE is designed to perform the TCI state switch under specified situations without or before received command. When one or more criteria(s) are satisfied, the UE performs TCI state switching to a target beam; otherwise, the UE does not conduct TCI state switching. The criteria can be determined by comparing pre-configured thresholds to the combination of the target beam's signal level, the source beam's signal level, and the UE's RRH-relevant location optionally.
Proposal 1: Beam sweep number and other beam properties (e.g., time instances for measurement) are changeable in accordance with definition of differentiating UE states for beam management, which enhances efficiency of recovery from failure meanwhile keeps faster measurement in normal case. 
Proposal 2: No need to enhance 1280ms. More important issue in HST is SNR of the TCI state ≥ -3dB. if main concern is from short beam dwelling time compared with 1280 ms, SNR is the actual metric which identify known or unknown TCI state.  What we should be aware of is how to avoid SNR <-3dB when TCI state is required. 
Proposal 3: We propose enhancements based on both options in Observation 4. And we are open to detail discussion and more options. 
· Support option1 to minimalize delay/latency due to TCI switching. 
· Trigger TCI switch with pre-defined or configured conditions to avoid sharp suddent drop of SNR e.g., when conjunction between two consecutive SSB indexes.
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