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[bookmark: _Toc116995841]Introduction
Even though Rel-17 HST FR2 WI was formally closed, there are several open maintenance issues both on RRM Requirements and Test Cases and require further discussion. Below, we list these issues from the WFs [1], [2] and based on the notes in TS 38.133:
· RRM core requirements:
· A note on SMTC length > 40 ms in HST FR2 measurement requirements
· RRH definition in applicability of requirements for FR2 PC 6
· Clarification of UL transmit timing requirements
· RRM performance requirements and test cases:
· SNR upper bound for L3 SS-SINR measurement accuracy
· Test cases and SNR upper bound for L1-RSRP measurements
In this paper we discuss further the open issues listed above. The proposals from this paper are reflected in the accompanying CR to TS 38.133 [3].


[bookmark: _Toc116995842]Discussion
On remaining issues in HST FR2 RRM requirements
A note on SMTC length > 40 ms
The follow options are listed in the WF from RAN4#104-e [1]:
	Way forward on SMTC length in HST FR2 enhanced requirements:
For UE supporting power class 6 with highSpeedMeasFlagFR2-r17 configured, if SMTC <= 40ms, TPSS/SSS_sync_intra is given in Table 9.2.5.1-11; [otherwise, TPSS/SSS_sync_intra is given in Table 9.2.5.1-2.]
For UE supporting power class 6 with highSpeedMeasFlagFR2-r17 configured, if SMTC <= 40ms, TSSB_measurement_period_intra is given in Table 9.2.5.2-7; [otherwise, TSSB_measurement_period_intra is given in Table 9.2.5.2-2.]
The addition of the clarification note needs further discussion:
· Option 2: Add Notes in the TS:
Note: Operation with TPSS/SSS_sync_intra in Table 9.2.5.1-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.
Note: Operation with TSSB_measurement_period_intra in Table 9.2.5.2-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.
· Option 3: Add Notes in the WF:
Note: Operation with TPSS/SSS_sync_intra in Table 9.2.5.1-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.
Note: Operation with TSSB_measurement_period_intra in Table 9.2.5.2-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.

· Option 4: Do not add any notes.



In our previous discussion paper [4] we have emphasized that the results of system-level simulation demonstrate complete mobility failure if the legacy requirements are applied to FR2 HST UE travelling at the maximum speed 350 km/h. The results can be also found in TR 38.854, Clause 6.3.4.1.1.
[bookmark: _Toc118751897]When the legacy requirements for PSS/SSS detection and measurement delays apply to FR2 HST UE travelling at the maximum speed 350 km/h, complete mobility failures occur as shown by the simulation results. 
Therefore, the reader of the specification can get a wrong impression that for SMTC > 40ms there is no need to apply enhanced requirements in HST FR2 scenario. It is necessary to preclude such configuration mistakes. Option 3 is not acceptable because it is very hard to find any information from the large number of WFs agreed during the meeting.
Moreover, the Note in the TS is not normative, it is just a clarification for the requirement, i.e., it exactly what is needed in this situation.
[bookmark: _Toc118751898]It is practically impossible to find a comment on the applicability of the requirement in the WF. Note is not normative and provides necessary clarification of the requirement.
[bookmark: _Toc118751899]Add Notes in the TS:
a. [bookmark: _Toc118751900]Note: Operation with TPSS/SSS_sync_intra in Table 9.2.5.1-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.
b. [bookmark: _Toc118751901]Note: Operation with TSSB_measurement_period_intra in Table 9.2.5.2-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.

RRH definition in applicability of requirements for FR2 PC6
The text of the applicability of requirements for FR2 PC6 UE from TS 38.133 needs further clarification:
	3.6.14	Applicability of requirements for FR2 Power Class 6

For Rel-17 FR2 power class 6 for the UE type of high speed train roof-mounted UE, UE shall only be in NR SA operation.
Measurement and evaluation period requirements with highSpeedMeasFlagFR2-r17 configured in clause 4.2.2.3, 8.1.2.2, 8.5.2.2, 9.2.5, 9.2.6, 9.5.4, [9.8.4], delay requirements in clause 6.2.1.2.1, 8.10.3A, and UL timing adjustment in clause 7.1.2.3, are only applicable when any two SSBs from adjacent [RRHs] are not on the same or consecutive symbols.
Editor note: The definition of RRH shall be added in clause 3.1.





Firstly, the even though the abbreviation RRH was disclosed in TS 38.133, Clause 3.3. Abbreviation, the definition of the term Remote Radio Head itself is still not present in the TS 38.133. Therefore, following the Editor Note left in the TS by the Chairman, we propose that the following definition is added in TS 38.133, Clause 3.1 Definitions:
[bookmark: _Toc118751902]Define Remote Radio Head in TS 38.133 as “transceiver unit of gNB positioned at a specific geographical location, which is connected or integrated with antennas for transmission and reception of radio signals to and from UE.”

Additionally, the term “adjacent RRH” can be confusing. For example, in bi-directional scenarios, two RRHs can be located at the same site, but the panels of those RRHs can be oriented in the opposite directions. In this case, SSBs of these RRHs can be transmitted on the same or consecutive symbols without any additional interfere at the UE.
One clear way to define explicitly SSBs that cannot be on the same or consecutive symbols is to define propagation time difference between those.
[bookmark: _Toc118751903]RAN4 apply requirements for FR2 PC6 when any two SSBs from adjacent RRHs with one-way propagation time difference exceeding one CP at 120 kHz SCS are not on the same or consecutive symbols.

UL transmit timing
There is still a number of open issues left to discuss in Rel-17 HST FR2 UL timing requirements [1]:
	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.

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



In general, we see that large one-step UL timing adjustment procedure requires more clarification, at least the following aspect:
· What shall be the reference for UL timing adjustment after the TCI state switch with large one-step timing adjustment in a longer term?
· When can UE start following the gradual UL timing adjustment procedure requirements again after the TCI state switch?
· How the timing shall be adjusted after a sequence of TCI state switched?
Additionally, there are still proposals on RACH-based procedure as well.
Discussion of these issue will quite probably require sufficient meeting time. Moreover, due to limited maintenance agenda at RAN$#105 not all of the companies will be able to bring discussion papers on HST FR2 due to a need to priorities the maintenance WIs.

[bookmark: _Toc118751904]Further discuss the UL Timing requirements for Rel-17 HST FR2 PC6 UEs in a dedicated agenda item at RAN4#106 meeting.


On remaining issues in RRM performance requirements and test cases
Below we are listing agreements and open issues from RAN4#104-e related to the L1 and L3 SINR measurements:
	Issue 1-1-1: Applicability of Set-1 and Set-2 of enhanced RRM requirements
Agreement:
· Applicability of Set-1 and Set-2 of enhanced RRM requirements: 
· General principle: 
· Use NW RRC configuration highSpeedMeasFlagFR2-r17 = set1 or set2 as TC condition. No need to test both set1 and set2 for one TC. 
· Detailed applicability for relevant tests: 
· …
· TC for L3 measurement
· Option 2: Set2 only
· TC for L1-RSRP and L1-SINR (if introduced) Measurement Requirement
· Option 1: Set1 only

Issue 1-2-4: Necessity of TC for L1-SINR Measurement
Conclusion: 
· Necessity of TC for L1-SINR Measurement: 
· Wait core requirements decision to define a new test case if needed. 

Issue 1-3-1: Test Cases for L1-RSRP Measurement 
Agreement:
· Test Cases for L1-RSRP Measurement and L1-SINR Measurement (if introduced)
· DRX mode, DRX cycle = 40ms

Issue 1-4-1: L1-measurement simulation result and alignment
Agreement: 
· L1-RSRP measurement: 
· The legacy accuracy of FR2 L1-RSRP measurement can be reused for L1-RSRP measurement in FR2 HST.
· 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

Issue 1-4-2: L3-measurement simulation result and alignment
Agreement: 
· For SS-RSRP and SS-RSRQ measurement: 
· The legacy accuracy requirement for Rel-15 FR2 SS-RSRP and SS-RSRQ measurement can be reused.
·  For SS-SINR measurement: 
· FFS whether or not Rel-15 FR2 SS-SINR measurement can be reused, by further study:
· Impact of uni- and bi-directional deployment scenario;
· SNR upper bound. 
· FFS FR1 HST side condition can be reused or not




On L3 SINR measurement accuracy
We provided the SS-RSRP and SS-RSRQ measurement accuracy for the 5th, 50th and 95th percentile in RAN4#104-e meeting [5] and it was agreed that the legacy accuracy requirement for Rel-15 FR2 SS-RSRP and SS-RSRQ measurement can be reused. In this contribution we provide the SS-SINR measurement accuracy defining an SNR upper bound similarly to FR1 HST methodology. 

Figure 1 and Figure 2 show the simulation results of SS-SINR accuracy vs SNR values ranging from -10 dB to 25 dB for bi-directional and uni-directional deployment scenarios. As can be observed for bi-directional deployment scenarios , the SS-SINR accuracy deteriorates for SNR ≥ 10 dB. For the region where SNR ≥ 10 dB, the SS-SINR accuracy becomes unbounded.
[image: ]
[bookmark: _Ref118645319]Figure 1: Delta SS-SINR vs SNR for bi-directional deployment.
[image: ]
[bookmark: _Ref118645530]Figure 2 Delta SS-SINR vs SNR for uni-directional deployment.

[bookmark: _Toc118751905]For bi-directional deployment, the SS-SINR accuracy becomes unbounded as SNR increases, whereas for unidirectional deployment, there is no significant performance degradation in SS-SINR accuracy.
Based on the above observation, we propose to adopt the same methodology as in FR1 HST for specifying the SS-SINR accuracy requirement by defining an SNR upper bound for the bi-directional scenario only. This means, the SINR accuracy requirement is only defined for SNR values below the upper bound, which is ≤ 10 dB.
[bookmark: _Toc118751906]For Rel-17 FR2 HST unidirectional scenarios, the Rel-15 FR2 SS-SINR accuracy requirements can be reused. However, for Rel-17 FR2 HST bidirectional scenarios, the Rel-15 FR2 SS-SINR accuracy requirements can be limited to SNR ≤ 10 dB.

On L1 SINR measurement accuracy
Simulation results summary for L1-SINR measurement accuracy are captured in [6].
[bookmark: _Toc118751907]For Type 1, the L1-SINR is derived from CMR only while the L1-SINR for Type 2 and Type 3 is computed as a ratio of CMR and dedicated IMR resources. Consequently, the impact of carrier offsets caused by Doppler shifts is cancelled out for Type 2 and Type 3 L1-SINR. The impact of ICI on Type 1 L1-SINR measurement accuracy is more significant than Type 2 and Type 3.
[bookmark: _Toc118751908]Type 2 and Type 3 L1-SINR is computed as a ratio of CMR and IMR, resulting in cancelling out the effect of carrier offsets. There is no such a cancelling effect for Type 1 L1-SINR because the L1-SINR is derived from CMR only.
Based on above observation, we recommend reusing the legacy L1-SINR measurement accuracy of FR2 L1-SINR for Type 2 and Type 3 L1-SINR. 
[bookmark: _Toc118751909]For Type-2 and Type-3 L1-SINR measurement accuracy, the legacy accuracy of FR2 L1-SINR measurement can be reused.

Figure 3 shows the simulation results of Type 1 L1-SINR accuracy vs SNR values ranging from -10 dB to 25 dB. As can be observed in the figure, the Type 1 L1-SINR accuracy deteriorates for SNR ≥ 10 dB. For the region where SNR ≥ 10 dB, the Type 1 L1-SINR accuracy becomes unbounded.
[image: ]
[bookmark: _Ref118648398]Figure 3: Delta SS-SINR vs SNR for bi-directional deployment scenarios.

For Type 1 L1-SINR measurement accuracy, we propose reusing the legacy L1-SINR measurement accuracy of FR2 L1-SINR for Type 1 L1-SINR, but the side condition is limited to an upper bound. We suggest adopting the same upper bound as L3 SS-SINR as proposed in Section 2, i.e., Proposal 1.

[bookmark: _Toc118633558][bookmark: _Toc118751910]For Type-1 L1-SINR measurement accuracy, the legacy accuracy of FR2 L1-SINR measurement can be reused for L1-SINR measurement in FR2 HST, but the upper bound of the side condition is set to 10 dB.


[bookmark: _Toc116995848]Conclusion
In this paper we provide our view on the resolution of remaining open issues in RRM requirements from Rel-17 HST FR2 WI. 
The following Observations and Proposals were made:
Observation 1: When the legacy requirements for PSS/SSS detection and measurement delays apply to FR2 HST UE travelling at the maximum speed 350 km/h, complete mobility failures occur as shown by the simulation results.
Observation 2: It is practically impossible to find a comment on the applicability of the requirement in the WF. Note is not normative and provides necessary clarification of the requirement.
Proposal 1: Add Notes in the TS:
a.	Note: Operation with TPSS/SSS_sync_intra in Table 9.2.5.1-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.
b.	Note: Operation with TSSB_measurement_period_intra in Table 9.2.5.2-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios.
Proposal 2: Define Remote Radio Head in TS 38.133 as “transceiver unit of gNB positioned at a specific geographical location, which is connected or integrated with antennas for transmission and reception of radio signals to and from UE.”
Proposal 3: RAN4 apply requirements for FR2 PC6 when any two SSBs from adjacent RRHs with one-way propagation time difference exceeding one CP at 120 kHz SCS are not on the same or consecutive symbols.
Proposal 4: Further discuss the UL Timing requirements for Rel-17 HST FR2 PC6 UEs in a dedicated agenda item at RAN4#106 meeting.
Observation 3: For bi-directional deployment, the SS-SINR accuracy becomes unbounded as SNR increases, whereas for unidirectional deployment, there is no significant performance degradation in SS-SINR accuracy.
Proposal 5: For Rel-17 FR2 HST unidirectional scenarios, the Rel-15 FR2 SS-SINR accuracy requirements can be reused. However, for Rel-17 FR2 HST bidirectional scenarios, the Rel-15 FR2 SS-SINR accuracy requirements can be limited to SNR ≤ 10 dB.
For Type 1, the L1-SINR is derived from CMR only while the L1-SINR for Type 2 and Type 3 is computed as a ratio of CMR and dedicated IMR resources. Consequently, the impact of carrier offsets caused by Doppler shifts is cancelled out for Type 2 and Type 3 L1-SINR. The impact of ICI on Type 1 L1-SINR measurement accuracy is more significant than Type 2 and Type 3.
Observation 4: Type 2 and Type 3 L1-SINR is computed as a ratio of CMR and IMR, resulting in cancelling out the effect of carrier offsets. There is no such a cancelling effect for Type 1 L1-SINR because the L1-SINR is derived from CMR only.
Proposal 6: For Type-2 and Type-3 L1-SINR measurement accuracy, the legacy accuracy of FR2 L1-SINR measurement can be reused.
Proposal 7: For Type-1 L1-SINR measurement accuracy, the legacy accuracy of FR2 L1-SINR measurement can be reused for L1-SINR measurement in FR2 HST, but the upper bound of the side condition is set to 10 dB.
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