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[bookmark: _Toc116995841]Introduction
In the paper we focus on two main topics that are still open and require maintenance in Rel-17 NR HST FR2 WI:
· Measurement accuracy:
After the discussions at the previous RAN4#105 meeting two issues left open in relation to the side conditions on measurement accuracy requirements in HST FR2 scenarios [1]:
· L1-SINR measurement accuracy side condition on SNR upper bound
· SS-SINR measurement accuracy side condition on SNR upper bound

· UL TX timing adjustment
Some of the issues on UL TX timing RRM requirements in HST FR2 deployments are still open since RAN4#104-e meeting [2]:
· Clarification of large one-step UL timing adjustment
· Requirement when one-step UL timing adjustment is disabled
In this paper we discuss the issues listed above:
· For measurement accuracy, based on the results of link-level simulations, we check how the conditions on SINR upper bound are compliant with the HST FR2 assumptions and test parameters.
· For UL TX timing, we propose the ways to exclude ambiguity from the current requirements.
The proposals of this paper are reflected in our accompanying CRs [3] and [4].

[bookmark: _Toc116995842]Discussion
On upper SNR bound in measurement accuracy requirements
L1-SINR measurement accuracy
Below, we are listing the WF from RAN4#105 meeting on L1-SINR measurement accuracy side condition:
	1.2 L1-SINR measurement accuracy side condition SNR upper bound
Way forward:
Further discussion is needed what are the requirement conditions to apply SNR upper bound in HST FR2 scenario:
· Option 1: When highSpeedMeasFlagFR2-r17 is configured for FR2 Power Class 6 UE, AWGN with 19444 Hz frequency offset radio propagation conditions are assumed and the requirements apply for SSB/CSI-RS Ês/Iot ≤ [6] dB.
· Option 2: Follow FR1 HST accuracy side condition, i.e., Es/Iot <= 6dB. Note that this upper bound is general when highSpeedMeasFlagFR2-r17 is configured, same as FR1 HST
· Other options are not precluded



There are three different requirements defined for L1-SINR accuracy requirement for FR2 in TS 38.133:
· 10.1.28.1 L1-SINR accuracy requirements with CSI-RS based CMR and no dedicated IMR configured
· 10.1.28.2 L1-SINR accuracy requirements with SSB based CMR and dedicated IMR configured
· 10.1.28.3 L1-SINR accuracy requirements with CSI-RS based CMR and dedicated IMR configured
· Table 10.1.28.3.1-1: L1-SINR absolute accuracy for CSI-RS based CMR and NZP-IMR in FR2
· Table 10.1.28.3.1-2: L1-SINR absolute accuracy for CSI-RS based CMR and ZP-IMR in FR2
Correspondingly, three categories of L1-SINR measurements were discussed in the previous meetings [5]:
	· L1-SINR measurement: 
· For the below three categories of L1-SINR measurement (introduced in Rel-16 eMIMO WI):
	CMR
	IMR
	L1-SINR accuracy requirements

	CSI-RS
	N/A
	Type 1: CSI-RS based CMR and no dedicated IMR configured

	SSB
	NZP-IMR
	Type 2: SSB based CMR and dedicated IMR configured

	
	CSI-IM
	

	CSI-RS
	NZP-IMR
	Type 3: CSI-RS based CMR and dedicated IMR configured

	
	CSI-IM
	



· For Type-2 and Type-3 L1-SINR measurement: 
· The legacy accuracy of FR2 L1-SINR measurement can be reused for L1-SINR measurement in FR2 HST.
· An upper bound SNR = FFS is defined.
· FFS FR1 HST side condition can be reused or not
· For Type-1 L1-SINR measurement: 
· The legacy accuracy of FR2 L1-SINR measurement can be reused for L1-SINR measurement in FR2 HST;
· An upper bound SNR = FFS is defined.
· FFS FR1 HST side condition can be reused or not



Firstly, following the classification above and the test cases (TCs) defined in Clause A.7.7.6 of TS 38.133, we can briefly overview the difference in between the parameters of requirements/TCs:
· Type 1:
· There is only one cell present in the test.
· Two CMR CSI-RS resources are configured (CSI-RS0 and CSI-RS1)
· [bookmark: _Hlk126337748]Requirements are defined for CSI-RS CMR Ês/Iot ≥-3 db
· In the test, CSI-RS0 and CSI-RS1 have Ês/Iot of 10 and -2 dB correspondingly
· L1-SINR absolute accuracy for CSI-RS based CMR only in FR2 (normal condition): ±5.5 dB
· Type 2:
· There are two cells present in the test
· L1-SINR measurements are based on the SSBs as CMR and the CSI-IM resources as IMR
· Requirements are defined for CSI-RS CMR Ês/Iot and NZP IMR Ês/Iot ≥ 0 dB
· In the test, SSB0 and SSB1 have Ês/Iot on 10 and -2 dB correspondingly
· L1-SINR absolute accuracy for SSB based CMR and NZP-IMR in FR2 (Normal condition) is ±4.0 dB and ±4.5 dB for ZP-IMR
· Type 3:
· There is only one cell present in the test.
· L1-SINR measurement based on the configured CSI-RS as both CMR and IMR
· Requirements are defined for CSI-RS CMR Ês/Iot and NZP IMR Ês/Iot ≥ 0 dB or for or CSI-RS CMR Ês/Iot ≥-3 dB when ZP IMR IMR is used.
· In the test, CSI-RS0 and CSI-RS1 have Ês/Iot of 10 and 0 dB correspondingly
· L1-SINR absolute accuracy for CSI-RS based CMR and NZP-IMR in FR2 (Normal condition) is ±4.0 dB and ±4.5 dB for ZP-IMR.

In HST FR2 deployments, it should be assumed that CSI-RSs and SSBs are transmitted from non-collocated RRHs and RRH2, otherwise, it will not be any frequency offset (FO) in between those signals and regular test requirements should be considered. Therefore, in the simulations we assume that the UE is synchronized to the serving RRH and measured RSs have fixed maximum frequency offset determined by the scenario. 
Figure 1 shows the simulation results of L1-SINR accuracy vs SNR values ranging from -10 dB to 25 dB for unidirectional and bidirectional HST FR2 deployment scenarios, respectively. Type-1 CSI-RS measurements are assumed. In uni-directional scenario, FO equals 9722 Hz, whereases in bi-directional case, it is twice as larger and equals 19444 Hz. As can be observed in the figures, the L1-SINR accuracy deteriorates when SNR of reference symbols increases. However, only for bi-directional case, the L1-SINR accuracy becomes considerably above the requirement of ±5.5 dB. 
[image: ][image: ]
[bookmark: _Ref127433023]Figure 1: Delta L1-SINR vs SNR for uni-directional (left) and bidirectional deployment scenarios (right).

The rate of correct measurement events observed during repeated tests shall be at least 90%. Hence, the curves in Figure 1 are based on the maximum of the absolute 5th and 95th percentile of L1-SINR accuracy for given SNR point using the following equation:
max(abs(5th) ,abs(95th))

Several examples of SINR accuracy calculation based on the equation above are shown in Table 1 below for bidirectional deployment scenarios.
Table 1: L1-SINR accuracy for several SNR point and bidirectional deployment scenarios
	SNR
	p5th
	p50th
	p95th
	SINR accuracy, dB

	0
	-1,43
	-0,24
	0,8
	1.43

	5
	-1,91
	-1,06
	-0,23
	1.91

	6
	-2,14
	-1,32
	-0,52
	2.14

	10
	-3,51
	-2,8
	-2,03
	3.51

	11
	-4,01
	-3,31
	-2,54
	6.54

	12
	-4,54
	-3,85
	-3,06
	4.54

	13
	-5,15
	-4,48
	-3,7
	5.15

	14
	-5,8
	-5,13
	-4,38
	5.8

	15
	-6,54
	-5,85
	-5,11
	6.54



It can be seen that only for SNR above 14 dBs the exiting L1 measurement accuracy requirement of ±5.5 dB is violated. Therefore 10 dB SNR upper bound is the safe choice.

[bookmark: _Toc127550279]Based on the results of link-level simulations, the loss of L1-SINR accuracy measurements is mainly cause by FO due to the high speed of the train. L1-SINR accuracy becomes unbounded only for high SNR (Ês/Iot) values, above 14 dB, and only at maximum FO equal to 19444 Hz, i.e., only in bi-directional HST FR2 scenarios.

Note that if existing L1-SINR requirements are followed directly, then they are defined only for the AWGN radio propagation conditions, i.e., the HST conditions are not defined explicitly:
	10.1.28	L1-SINR accuracy requirements for FR2
10.1.28.1	L1-SINR accuracy requirements with CSI-RS based CMR and no dedicated IMR configured
10.1.28.1.1	Absolute Accuracy
Unless otherwise specified, the requirements for absolute accuracy of CSI-RS based L1-SINR in this clause apply to all CSI-RS resources configured as CMR and no dedicated resource configured as IMR of the serving cell configured for L1-SINR measurement.
The accuracy requirements in Table 10.1.28.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [19] for reference sensitivity are fulfilled.
-	Conditions for L1-SINR measurements are fulfilled according to Annex B.2.8.1 for a corresponding Band for each relevant CSI-RS based CMR.
-	The bandwidth of CSI-RS as CMR is 48 PRBs and the density is 3. 
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [19].
-	AWGN radio propagation conditions.
The performance with larger bandwidth of CSI-RS as CMR is equal to or better than the accuracy requirements in Table 10.1.28.1.1-1.
Table 10.1.28.1.1-1: L1-SINR absolute accuracy for CSI-RS based CMR only in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	CSI-RS
CMR
Ês/Iot Note 3
	Io Note 1 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSCSI-RS Note 2
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	SCSCSI-RS = 60kHz 
	SCSCSI-RS = 120kHz
	
	

	±5.5
	±6.5
	≥-3
	Same value as CSI-RS_RP in Table in B.2.8.1, according to UE Power class, operating band and angle of arrival
	N/A
	-50

	NOTE 1:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
NOTE 2:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
NOTE 3:	In the test cases, the CSI-RS CMR Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.






[bookmark: _Toc127550280]AWGN radio propagation conditions, i.e., without any FO offset explicitly defined, are assumed by default in the L1-SINR accuracy requirements for FR2 in TS 38.133, Clause 10.1.28. This assumption is not compliant with HST FR2 conditions where FO should be present.

Additionally, we would like to draw the companies’ attention to the fact that the tests defined in TS 38.133, Clause A.7.7.6 on L1-SINR measurement for beam reporting are based on SSB/CSI-RS SNR (Ês/Iot) equal to 10 dB. Hence, in HST FR2 deployments, if requirements are defined for lower values of SINR it is not clear what how to apply the test and what should be the requirements.
	Table A.7.7.6.1.2-2: FR2 CSI-RS based L1-SINR OTA related test parameters
	Parameter
	Config
	Unit
	Test 1

	
	
	
	CSI-RS0
	CSI-RS1

	Angle of arrival configuration
	
	
	Setup 1 according to A.3.15.1

	Assumption for UE beamsNote 4
	
	
	Rough

	

	1~2
	dBm/15kHz
	-100

	

	1~2
	dBm/SSB SCS
	-91

	

	1~2
	dB
	10
	-2

	CSI-RS-RSRPNote1
	1~2
	dBm/SCS
	-81
	-93

	IoNote1
	1~2
	dBm/
95.04MHz
	-51.57
	-59.86

	

	1~2
	dB
	10
	-2

	Note 1:	RSRP and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves.
Note 2:	RSRP minimum requirements are specified assuming independent interference and noise at each receiver antenna port.
Note 3:	Void.
Note 4:     Information about types of UE beam is given in B.2.1.3, and does not limit UE implementation or test system implementation






[bookmark: _Toc127550281]The test cases for L1-SINR measurements are defined for CSI-RS/SSB Ês/Iot equal to 10 dB. Hence, if the lower SNR cap is defined, it is not clear how to apply requirements to the TC.

Finally, based on the results of link budget analysis and simulation result presented in TR 38.854, the typical values of DL SNR/SINR are in the range above 0 dB with the mean SINR for the serving cell around 30 dB. These conditions are very different to the ones observed in HST FR1 deployments where handheld UEs are located inside the train. Therefore, too strict limitation of SINR to the range of up to 6 dB used in HST FR1 is not practical in HST FR2 scenarios.
[bookmark: _Toc127550282]Propagation conditions for HST FR1 handheld UEs and HST FR2 CPEs are very different. SNR in the range of 0-6dB is not typical for HST FR2.

As a conclusion of the Observations 1-4 above, we propose reusing the legacy L1-SINR measurement accuracy of FR1 FR2 but the side condition shall be limited to a higher upper bound of 10 dB and only in the case when High Speed train scenario is considered, i.e., there is frequency offset of up to 19444 Hz:
[bookmark: _Toc127550283]For L1-SINR measurement accuracy, the upper bound of the side condition on SNR should be set to 10 dB under NR high speed train scenarios, i.e., with frequency offset up to 19444 Hz.

SS-SINR measurement accuracy
Open issue from RAN4#105 related to the L3 SINR measurements is listed in the WF [1]:
	[bookmark: _Hlk126249292]1.3 SS-SINR requirements for FR2 HST
Way forward:
Further discussion is needed what are the requirement conditions to apply SNR upper bound in HST FR2 scenario:
· Option 1: When highSpeedMeasFlagFR2-r17 is configured for FR2 Power Class 6 UE, AWGN (serving cell) and AWGN with 19444 Hz frequency offset (neighbour cell) radio propagation conditions are assumed and the requirements apply for SSB Ês/Iot ≤ [10] dB.
· Option 2: Follow FR1 HST accuracy side condition, i.e., Es/Iot <= 5dB. Note that this upper bound is general when highSpeedMeasFlagFR2-r17 is configured, same as FR1 HST
· Other options are not precluded



In general, similar considerations can be applied for SS-SINR measurements as for L1-SRIN above.
SS-SINR Intra frequency absolute accuracy in FR2 is defined in Clause 10.1.13.1 of TS 38.133, and in normal conditions it equals 3 for SSB Ês/Iot ≥-3 and 3.5 for Ês/Iot ≥-6 dB.
The corresponding test case is defined in Clause A.7.7.3, however the Ês/Iot levels for Cell1 and Cell 2 is lower than for the corresponding L1-SINR TCs.
Figure 2 shows the simulation results of SS-SINR accuracy vs SNR values ranging from -10 dB to 25 dB for bi-directional deployment scenario with maximum FO of 19444 Hz. As can be observed the SS-SINR accuracy deteriorates considerably (i.e., the exiting accuracy requirement is violated) only for SRN above 15 dB.
[image: ]
[bookmark: _Ref127295620]Figure 2: Delta SS-SINR vs SNR for bidirectional deployment scenarios

[bookmark: _Toc127550284]For SS-SINR measurement accuracy, the upper bound of the side condition on SNR should be set to 10 dB under NR high speed train scenarios, i.e., with frequency offset up to 19444 Hz.

On UL TX timing
The current requirement on UL TX timing in HST FR2 scenarios is defined in TS 38.133, Clause 7.1.2.3:
	7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE

When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±[7Ts], and the reference point is .
Above,
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.



Following the WF on UL TX timing from RAN#104-e meeting [2], there are multiple open issue in the way how the requirement above is formulated:
	1 UL timing
1.1 Large one-step UL timing adjustment
Way forward on large one-step UL timing adjustment
Open issue needs further discussion:
· Option 1: Clarify the requirement if target TCI state is not in the active TCI state list and the DL timing difference is larger than [CP/4]
· Option 1a: If target TCI state is not in the active TCI state list and the DL timing difference is larger than [CP/4], limit the time needed for the UE to follow again clause 7.1.2.1 requirements and to adjust its UL timing within ±Te. It should happen not later than Trs + 2ms after the TCI state switch.
· Option 1b: Same as above, but Tssb is used instead of Trs
· Option 1c: Tq requirement in 7.1.2.1 applicable to UL slots except the first after TCI state switch.
· Option 1d: The gradual timing adjustment step of Tq shall be applied after the one shot uplink timing adjustment after TCI state switch.
· Option 1e: The gradual timing adjustment in 7.1.2.1 with reference timing T_new - (N_TA + N_TA_offset) + 2*(T_old - T_new) is applicable to UL slots except the first after TCI state switch.
· Other options are not precluded
· Option 2: Keep current specification as it is.

Way forward on the value of relaxed UL transmit timing accuracy
Open issue needs further discussion:
· Option 1: Remove square brackets and use ±7Ts as relaxed UL transmit timing accuracy in the current requirement.
· Option 1a: Remove square brackets and use ±7*64*Tc as relaxed UL transmit timing accuracy in the current requirement.
· Option 2: Do not distinguish the case “new target TCI state is not in the active TCI state list” and “in the active TCI state” and use ±7Ts accuracy for both.




Our main concern is that it is still unclear what should be the UE behavior when the error of ±7*64*Tc (i.e., above ±Te) is present after the TCI state switch. There was no agreement to relax UL TX timing accuracy for HST UE in all conditions, and “The UE shall have capability to follow the frame timing change of the reference cell in connected state or when transmiting PUSCH on CG resources for SDT in RRC_Inactive.”
[bookmark: _Toc127550285]It is still not clear from the current Large One shot large UL timing adjustment requirement (clause 7.1.2.3) what requirements on UL TX timing shall be applied after the TCI state switching in a longer term. There is no agreement that relaxed UL TX timing accuracy shall stay and replace existing accuracy of Te in a longer term.

In general, there are only two mechanisms that can be used to adjust UE UL Tx timing within Te after large one-shot UL TX timing adjustment:
1) UL gradual adjustment procedure (7.1.2.1):
“When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te.”
a. However, following the previous discussion it seems that not all the UEs are capable of following the frame timing change accurate enough to adjust accuracy within Te
b. Moreover, the maximum adjustment that can be done by UE autonomously after the TCI state switch is limited by Tq = 4.5*64*Tc that might not be sufficient to compensate the whole error of ±7*64*Tc.
2) TAC from the NW (7.1.3):
a. The minimal step of TAC at 120KHz SCS is 2*64*Tc. Hence, it can be expected that the NW may identify the error in UL TX timing above Te, that can be up to 3.5*64*Tc, and signal necessary UL timing adjustment to the UE.
In principle, the Tq step should be sufficient to return UL TX timing accuracy within Te if the accuracy is within ±7*64*Tc. Therefore, the UE after some period of time, i.e., after it has received and processed one or several RSs (SSB or TRS), should be able to track DL timing accurately again so that UL TX timing is returned within Te. Hence, one approach would be to limit the period when relaxed accuracy is allowed.
[bookmark: _Toc127550286]The time needed for the UE to follow again clause 7.1.2.1 requirements (i.e., to adjust its UL timing within ±Te) after large one-shot UL timing adjustment is Trs + x ms.

If gradual UL TX timing adjustment mechanism (1) is not feasible, after the TCI state switch, then it is expected that TAC is issued by the NW because UL TX timing error is above Te. After that, all the requirements, including 7.1.2.1, should be applicable again:
[bookmark: _Toc127550287]UL Transmit timing shall follow the requirements in 7.1.2.1 again at latest after the first TAC that follows one-step UL timing adjustment.
[bookmark: _Toc127550288][bookmark: _Toc127299924]The value of relaxed requirement on UL TX timing error after the TCI state switch can be agreed only after it is clarified when UE UL TX timing returns within regular Te range.

[bookmark: _Hlk126829743]Another issue that is not taken into account in One-step UL Transmit timing requirements is that the reference timing  is dependent on the value of the timing advance (TA) . The value of TA is signalled to the UE from the NW. However, after the first beam switch with one-shot timing adjustment the information about the value of the TA at the UE and in the NW will get out of synch. Therefore, at the next TCI state switch with large one-step timing adjustment  cannot be used as a reference timing anymore. Whereases the requirements in 7.1.2 explicitly says that
	The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ].






[bookmark: _Ref126827310]Figure 3: An illustration of UE/CPE mobility in HST FR2 scenario.

In the example from Figure 3, UL TA value is defined as follows:
1) RRH1-3 and RRH2-1 belong to different cells. Hence, a HO will be used to switch in between those. HO procedure includes RACH, and TA will be defined by RAR. The value of the TA both at the UE and the NW will be .
2) When the UE is connected to RRH2-1 it may adjust TA either autonomously within Tq or TAC will be issued again in order to return UL TX timing error within Te. Thus, the value of TA at the UE and in the NW before the TCI state switch to RRH2-2 will be .
3) After the TCI state switch from RRH2-1 to RRH2-2, the UE updates TA autonomously with large one-step timing adjustment procedure. Thus,
a. The value of TA at the UE becomes 
b. The value of TA at the NW side is still 
4) While connected to the RRH2-2, the UE again can adjust TA either within Tq or based on TAC. Thus, before the next beam switch
a. The value of TA at the UE becomes 
b. The value of TA at the NW side will be 
5) After the TCI state switch from RRH2-2 to RRH2-3, the UE updates TA autonomously with large one-step timing adjustment procedure.
a. The value of TA at the UE becomes 
b. The value of TA at the NW side will be still 
There is no mechanism defined now for the NW to get information about the timing adjustment performed by the UE during large one-step UL TX timing adjustment procedure. Hence, formally, the requirements neither in 7.1.2.1 or, in general, in 7.1.2 cannot be followed directly, especially after the first TCI state switch.
[bookmark: _Toc127550289]Since the UE adjusts the value of TA autonomously (i.e., the value of adjustment is not known to the NW) in the case of large one-step UL TX timing adjustment,  cannot be used as a reference in the requirements (Clause 7.1.2) after the first TCI state switch and for the following TCI state switched (Clause 7.1.2.3).
This ambiguity can be avoided if the NW and the UE can share information about the exact value of one-step UL timing adjustment, i.e., the value of  can be updated based on .
[bookmark: _Toc127550290]UE needs to report the value of large one-step UL timing adjustment back to the NW.

Finally, we would like to address the last open issue from the WF [2]:
	1.2 Other remaining UL transmit timing issues
Way forward on UL timing requirement when large one-step mechanism is disabled:
Open issue needs further discussion:
· Option 2: No impact on UE behavior (no additional requirements)
· Option 4: After the TCI state switch, the UE shall not transmit except for RACH preamble in the new target TCI before one of the following conditions is fulfilled:
· the new timing advance is acquired and applied in the target TCI state according to the requirements in clause 7.3;
· the UL transmission is scheduled by the gNB.
In this case, the requirements in clause 7.1.2.1 apply.
· Option 6: Power Class 6 UE initial transmission timing error after the TCI state switch shall be less than or equal to ±Te. Enhance the requirement in 7.1.2.
· Option 7: Introduce a DL timing difference threshold when highSpeedLargeOneStepUL-TimingFR2 is disabled.
· Other options are not precluded




Following the agreement at RAN4#102-e [1], it is necessary to define the requirements in the case when large one-step UL timing adjustment procedure is disabled:
	Agreement:
· 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.



In the current UL TX timing adjustment requirements, the situation of TCI state switch is not specifically treated. One of the reasons for that is the large jump in propagation delay when the beam is switched in between non-collocated RRH is not common. This situation was not considered in non-HST scenarios and in the previous releases. Therefore, if current requirements are followed directly when large one-step UL TX timing adjustment is disabled in HST FR2 scenario then the Clause 7.1.2 requirement is applicable, i.e.,
	When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.



However, as we know, neither changing the transmission timing according to the received downlink frame nor the NW-signalled TA are not applicable in the case of a significant jump in propagation delay. The only mechanisms, that can be used to acquire the correct UL TX timing adjustment is through the RACH procedure at the TCI state switch.
[bookmark: _Toc127550291]The case of UL TX timing adjustment after TCI state switch in HST FR2 deployments when optional one-shot UL timing adjustment procedure is disabled is not explicitly treated in the requirements. It is not clear that neither gradual timing adjustment nor NW-signalled TA adjustment (TAC) may not be usable. It was agreed at the GtW to resolve this ambiguity in the requirement.

An additional problem in Rel-17 is that UE cannot distinguish in between intra-RRH (PRACH is not needed) and inter-RRH (PRACH is needed) TCI state switched. Therefore, if no transmission restriction is defined for the UE after the TCI state switch (Option 4) or UE is not able to detect inter-RRH TCI state switch based on DL timing (Option 7), the UE can potentially transmit with considerably wrong UL timing. For example, PUCCH transmissions with buffered HARQ feedback or periodic SRS transmissions can happen even without explicit scheduling from the NW. Such a situation is illustrated in the Figure 4 below. 



[bookmark: _Ref127266020]Figure 4: An illustration of ISI when UL TX timing is wrong after inter-RRH TCI state switch.

[bookmark: _Toc127550292]Even when only one HST FR2 UE is considered per train, transmission with wrong UL Tx timing after TCI state switch can cause ISI interference. Option 4 (transmission restriction after inter-RRH TCI stat switch) and Option 7 (DL timing difference threshold) can be used to resolve the issue but require further discussion.

In Rel-17, in order to resolve the ambiguity in the requirements, it is still necessary to explicitly indicate that PRACH procedure shall be used to acquire UL timing after the inter-RRH TCI state switch.

[bookmark: _Toc127550293]Define in Rel-17 HST FR2 requirements (clause 7.1.2.3) that when one-shot UL TX timing adjustment is disabled, UL TX timing after inter-RRH TCI state switch initial transmit timing requirement is applied and PRACH procedure is used.

[bookmark: _Toc116995848]Conclusion
In the paper we provide the motivation for the proposed changed in the accompanying CRs on L1-SINR/SS-SINR measurement accuracy and UL TX timing adjustment.

In the paper, the following Observations and Proposals were made:
On Measurement Accuracy:
[bookmark: _Toc116995849]Observation 1: Based on the results of link-level simulations, the loss of L1-SINR accuracy measurements is mainly cause by FO due to the high speed of the train. L1-SINR accuracy becomes unbounded only for high SNR (Ês/Iot) values, above 14 dB, and only at maximum FO equal to 19444 Hz, i.e., only in bi-directional HST FR2 scenarios.
Observation 2: AWGN radio propagation conditions, i.e., without any FO offset explicitly defined, are assumed by default in the L1-SINR accuracy requirements for FR2 in TS 38.133, Clause 10.1.28. This assumption is not compliant with HST FR2 conditions where FO should be present.
Observation 3: The test cases for L1-SINR measurements are defined for CSI-RS/SSB Ês/Iot equal to 10 dB. Hence, if the lower SNR cap is defined, it is not clear how to apply requirements to the TC.
Observation 4: Propagation conditions for HST FR1 handheld UEs and HST FR2 CPEs are very different. SNR in the range of 0-6dB is not typical for HST FR2.
Proposal 1: For L1-SINR measurement accuracy, the upper bound of the side condition on SNR should be set to 10 dB under NR high speed train scenarios, i.e., with frequency offset up to 19444 Hz.
Proposal 2: For SS-SINR measurement accuracy, the upper bound of the side condition on SNR should be set to 10 dB under NR high speed train scenarios, i.e., with frequency offset up to 19444 Hz.

On UL TX timing adjustment:
Observation 5: It is still not clear from the current Large One shot large UL timing adjustment requirement (clause 7.1.2.3) what requirements on UL TX timing shall be applied after the TCI state switching in a longer term. There is no agreement that relaxed UL TX timing accuracy shall stay and replace existing accuracy of ±Te in a longer term.
Proposal 3: The time needed for the UE to follow again clause 7.1.2.1 requirements (i.e., to adjust its UL timing within ±Te) after large one-shot UL timing adjustment is Trs + x ms.
Proposal 4: UL Transmit timing shall follow the requirements in 7.1.2.1 again at latest after the first TAC that follows one-step UL timing adjustment.
Proposal 5: The value of relaxed requirement on UL TX timing error after the TCI state switch can be agreed only after it is clarified when UE UL TX timing returns within regular ±Te range.
Observation 6: Since the UE adjusts the value of TA autonomously (i.e., the value of adjustment is not known to the NW) in the case of large one-step UL TX timing adjustment, (NTA+NTA offset) cannot be used as a reference in the requirements (Clause 7.1.2) after the first TCI state switch and for the following TCI state switched (Clause 7.1.2.3).
Proposal 6: UE needs to report the value of large one-step UL timing adjustment back to the NW.
Observation 7: The case of UL TX timing adjustment after TCI state switch in HST FR2 deployments when optional one-shot UL timing adjustment procedure is disabled is not explicitly treated in the requirements. It is not clear that neither gradual timing adjustment nor NW-signalled TA adjustment (TAC) may not be usable. It was agreed at the GtW to resolve this ambiguity in the requirement.
Observation 8: Even when only one HST FR2 UE is considered per train, transmission with wrong UL Tx timing after TCI state switch can cause ISI interference. Option 4 (transmission restriction after inter-RRH TCI stat switch) and Option 7 (DL timing difference threshold) can be used to resolve the issue but require further discussion.
Proposal 7: Define in Rel-17 HST FR2 requirements (clause 7.1.2.3) that when one-shot UL TX timing adjustment is disabled, UL TX timing after inter-RRH TCI state switch initial transmit timing requirement is applied and PRACH procedure is used.
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