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Introduction
In RAN4 #102-e meeting, a WF for RRM requirement was approved [1]. In this contribution, we provide our view on the open issues. 
Discussion
[bookmark: _Hlk78385107]One Shot UL Timing Adjustment
The UL timing adjustment is larger than 8CP after inter-RRH TCI state switch, and the legacy UL timing error requirement, which applies when UE autonomous timing adjustment is within CP/4, is not achievable by UE due to a significantly larger adjustment step. Note that the error is from calibration, in which UE doesn’t have the knowledge of its magnitude. Therefore, the requirement such as “UE transmits on UL only when the UL timing error is within x” is not a feasible requirement. 
Observation 1: The larger adjustment step leads to a larger timing error from calibration. Calibration error can’t be directly estimated by UE. 
We understand that direct scaling of error range according to adjustment range increase may not work for network side (3.5Ts * 16 = 56Ts, Ts = 32.552 ns), and therefore UE can do some optimization to reduce error from such a large scaling. The tentative agreement of CP/2 in 120kHz SCS (9Ts) is feasible for UE.
We consider CP/2 UL timing error (9Ts) is a good compromise to ensure UE feasibility and network decodability. Network should be able to handle Te (initial timing error) + Tq (upper bound of drift from UE autonomous adjustment procedure), which is close to CP/2. Note that HST has strong and dominant LOS path, and therefore network and UE decoding performance is more robust against receive timing error when compared to a large delay spread channel. In fact, with CP/2 UL timing error, the network can still capture all transmitted energy from the dominant LOS path when the reception window is placed starting at the centre of CP.   
In contrast, when we consider TDL-C 60ns channel in demod requirement and with 3.5Ts UL transmission error, the ratio of captured signal within CP/2 and outside CP/2 is 14dB. If network can survive with 14dB signal within and outside of CP/2 ratio (4% energy loss), we can expect good network performance with UL timing error is smaller than CP/2 in a LOS path dominant channel.
Table B.2.1.2-3: TDLC60 (DS = 60 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-7.8
	Rayleigh

	2
	15
	-0.3
	Rayleigh

	3
	40
	0
	Rayleigh

	4
	50
	-8.9
	Rayleigh

	5
	55
	-14.5
	Rayleigh

	6
	75
	-8.5
	Rayleigh

	7
	80
	-10.2
	Rayleigh

	8
	130
	-12.1
	Rayleigh

	9
	210
	-13.9
	Rayleigh

	10
	300
	-15.2
	Rayleigh

	11
	360
	-16.9
	Rayleigh

	12
	520
	-19.4
	Rayleigh



Observation 2: FR2 HST channel has strong and dominant LOS path, and with CP/2 (9Ts) UL timing error, the network can still capture all transmitted energy from the dominant LOS when reception window selection is based on zero UL timing error assumption. In contrast, TDL-C 60ns with 3.5Ts UL transmission error leads to 4% energy loss, which is worse than FR2 HST channel with 9Ts UL transmission error. If network can handle TDL-C 60ns channel with 3.5Ts UL timing error, FR2 HST channel with 9Ts UL timing error is feasible.
Proposal 1: Remove square bracket on UL timing error of 9Ts.
In addition to UL timing error requirement, there are two issues left open from RAN2#102e meeting:
· The conditions when one shot large UL timing adjustment requirements apply are FFS
· Requirements for the case when [largeOneStepUL-timingFR2-r17] is not enabled need to be defined and are FFS. It is not precluded to reuse legacy requirements.

The tentatively agreed procedure:
The UE transmit timing immediately after TCI state switch shall be ,
Applies to both intra and inter-RRH TCI state switch. For intra-RRH TCI state switch, we have

Because the new and old TCI states are co-located with QCL type C, when assume no timing estimation error. Therefore, we don’t see any issue when UE applies  after intra-RRH TCI state switch as the adjustment follows legacy autonomous UE timing adjustment  with some timing estimation error exists in DL timing regardless of TCI state switch. 
Observation 3: Since the two TCI states in intra-RRH TCI state switch are with QCL type C, we have 

When we assume no timing estimation error. Therefore, the timing adjustment in intra-RRH TCI state switch without inter-RRH detection is

Which follows legacy autonomous UE timing adjustment procedure with estimation error counted in . Therefore, applying  in intra-RRH TCI state switch is the same as legacy TCI state switch timing.
Proposal 2: Inter-RRH TCI state switch detection via DL timing jump detection is not needed when TCI state switch delay is extended, since identical results are derived.
When [largeOneStepUL-timingFR2-r17] is not enabled, UE transmit timing is off a lot before the RACH procedure. However, network has full control of TCI state switch, RACH procedure initiation, and the UL grant for UE. Therefore, as long as network doesn’t send any grant to UE after inter-RRH TCI state switch and before RACH procedure, UE is not expected to transmit signals/data to network and network can ignore transmissions from UE if there is any.
Observation 4: Network has full control of TCI state switch, RACH procedure initiation, and UL grant for UE. Network does not expect and can ignore any transmission from UE between inter-RRH TCI state switch and the RACH procedure when [largeOneStepUL-timingFR2-r17] is not enabled.
Based on the above observation, legacy requirement should apply, and no additional requirement is needed.
Proposal 3: No additional requirement is needed when [largeOneStepUL-timingFR2-r17] is not enabled.
However, if companies really want to ensure that UE doesn’t receive any UL grant to transmit UL signal and receive DL signal, we can compromise to add the following requirement:
Proposal 4: Scheduling restrictions on DL and UL apply after inter-RRH TCI state switch and before PRACH transmission when [largeOneStepUL-timingFR2-r17] is not enabled.
RRM Test Scope
The key RRM requirement enhancement for FR2 HST is replacing Rx beam sweeping factor of 8 by 2 or 6. Since the enhancement methodologies for enhanced requirements are identical and so do the implementation, we propose to select the neighboring cell measurement requirement to design conformance test. Given that FR2 HST UE is a roof-top mounted CPE device, connected mode in non-DRx is a much more common case than idle mode. Therefore, we propose to define two tests for cell identification requirement in non-DRx mode, one for set 1 and the other for set 2 requirements. 
Since new TCI state switch delay is introduced, we may introduce a test to verify if the UE complies to the new switching delay:
Proposal 5: Consider the following tests to verify FR2 HST RRM requirements: 
· Introduce two tests to cell identification requirement in non-DRx mode, one for set 1 and the other for set 2 requirements.
· Introduce one test to verify the TCI state switch delay compliance.
Neighboring Cell Search Requirement
We have the following agreement from RAN4#100e meeting WF[2]:
CONNECTED state mobility
SMTC periodicity
	Agreement:
HST FR2 enhanced requirement is applied to SMTC <=40ms. SMTC periodicity is not restricted.



This agreement is general and should apply to all the connected mode requirements unless otherwise specified. However, the PSS/SSS detection and Measurement period on spec don’t follow this agreement and the enhancement applies to SMTC > 40ms. A chair note was captured in the previous meeting:
Session chair: Some companies think that CR does not follow previous agreement. The CR can be revisited if further issues are identified.
Without explicit agreement, we believe the agreement should be respected and the spec should be updated accordingly. Note that the applicability range restriction doesn’t imply that the requirement works for SMTC > 40ms with speed 350km/h. Instead, it implies that when speed is 350km/h, SMTC > 40ms is not expected. This is the same methodology as limiting applicability range to DRx <= 80ms.
Observation 5: RAN4#100e meeting WF agreement limits the FR2 HST enhancement applicability range to SMTC <= 40ms. Note that the applicability range restriction doesn’t imply that the requirement works for SMTC > 40ms with speed 350km/h. Instead, it implies that when speed is 350km/h, SMTC > 40ms is not expected. This is the same methodology as limiting applicability range to DRx <= 80ms.
Proposal 6: Follow the previous agreement and apply the FR2 HST enhanced requirement only when SMTC <=40ms cases.
SSB Location Restriction
When two SSBs are from different RRHs with a large propagation delay, e.g. in uni-directional deployment, UE can experience a large inter-symbol interference across the two SSBs and the detection performance degrade. Therefore, network should avoid allocating two SSBs from different RRH on adjacent symbols.
Proposal 7: Network doesn’t allocate two SSBs from adjacent RRHs on adjacent symbols to avoid ISI.
Measurement Accuracy Requirement
Proposal 8: Due to similarity of channel models, FR2 HST can follow measurement accuracy from FR1 HST requirements. 
FR2 HST UE Features
Given that network has options to enable and disable the one shot large UL timing adjustment, we propose to introduce an optional UE capability on the support of one time large timing adjustment. 
Observation 6: Network has a fallback RACH option when one shot large UL timing adjustment is not supported by UE. Therefore, the system can still work without one shot large UL timing adjustment.
Proposal 7: Introduce an optional UE capability for one shot large UL timing adjustment.
Conclusion
Observation 1: The larger adjustment step leads to a larger timing error from calibration. Calibration error can’t be directly estimated by UE. 
Observation 2: FR2 HST channel has strong and dominant LOS path, and with CP/2 (9Ts) UL timing error, the network can still capture all transmitted energy from the dominant LOS when reception window selection is based on zero UL timing error assumption. In contrast, TDL-C 60ns with 3.5Ts UL transmission error leads to 4% energy loss, which is worse than FR2 HST channel with 9Ts UL transmission error. If network can handle TDL-C 60ns channel with 3.5Ts UL timing error, FR2 HST channel with 9Ts UL timing error is feasible.
Proposal 1: Remove square bracket on UL timing error of 9Ts.
Observation 3: Since the two TCI states in intra-RRH TCI state switch are with QCL type C, we have 

When we assume no timing estimation error. Therefore, the timing adjustment in intra-RRH TCI state switch without inter-RRH detection is

Which follows legacy autonomous UE timing adjustment procedure with estimation error counted in . Therefore, applying  in intra-RRH TCI state switch is the same as legacy TCI state switch timing.
Proposal 2: Inter-RRH TCI state switch detection via DL timing jump detection is not needed when TCI state switch delay is extended, since identical results are derived.
Observation 4: Network has full control of TCI state switch, RACH procedure initiation, and UL grant for UE. Network does not expect and can ignore any transmission from UE between inter-RRH TCI state switch and the RACH procedure when [largeOneStepUL-timingFR2-r17] is not enabled.
Proposal 3: No additional requirement is needed when [largeOneStepUL-timingFR2-r17] is not enabled.
Proposal 4: Scheduling restrictions on DL and UL apply after inter-RRH TCI state switch and before PRACH transmission when [largeOneStepUL-timingFR2-r17] is not enabled.
Proposal 5: Consider the following tests to verify FR2 HST RRM requirements: 
· Introduce two tests to cell identification requirement in non-DRx mode, one for set 1 and the other for set 2 requirements.
· Introduce one test to verify the TCI state switch delay compliance.

Observation 5: RAN4#100e meeting WF agreement limits the FR2 HST enhancement applicability range to SMTC <= 40ms. Note that the applicability range restriction doesn’t imply that the requirement works for SMTC > 40ms with speed 350km/h. Instead, it implies that when speed is 350km/h, SMTC > 40ms is not expected. This is the same methodology as limiting applicability range to DRx <= 80ms.
Proposal 6: Follow the previous agreement and apply the FR2 HST enhanced requirement only when SMTC <=40ms cases.
Proposal 7: Network doesn’t allocate two SSBs from adjacent RRHs on adjacent symbols to avoid ISI.
Proposal 8: Due to similarity of channel models, FR2 HST can follow measurement accuracy from FR1 HST requirements. 
Observation 6: Network has a fallback RACH option when one shot large UL timing adjustment is not supported by UE. Therefore, the system can still work without one shot large UL timing adjustment.
Proposal 9: Introduce an optional UE capability for one shot large UL timing adjustment.
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