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Introduction
In RAN4 #100e meeting, a WF for RRM requirement was approved [1]. In this contribution, we provide our view on the open issues.
Discussion
Number of Rx Beams and Rx Sweeping Factor 
In RAN4#100e meeting, we achieved the following agreement:
Define two set of requirements for Scenario A and Scenario B in terms of number of RX beams per UE
Scenario A: [2] RX beams for all scenarios
Scenario B: [6] RX beams for all scenarios
[FFS] feasibility and methods to differentiate scenarios from UE perspective
The agreement restricts number of Rx beam sweeping to 2 in scenario A based on the analysis from companies’ contribution concluding that no performance degradation is observed when we limit the number of Rx beams to 2. Note that all the contributions on scenario A analysis use the assumptions of Dmin = 10m and the height difference between RRH and train rooftop (Hdiff) = 10m. Therefore, we propose that the 2Rx beam sweep based requirement only applies to the cases in which Dmin and Hdiff are both no greater than 10m. When Dmin or Hdiff is larger than 10m, DL Tx beam angle range becomes larger with the same switching point, and 2Rx beams can not cover it. If we push the switching point farther away from RRH, as we observed in [2], UE experiences up to 60% performance loss. Therefore, this applicability rule is necessary to ensure no performance loss when applying 2Rx beam sweep base requirement.
Proposal 1: The 2Rx beam sweep based requirement applies to the cases in which Dmin and Hdiff are both no greater than 10m.
Since 2Rx and 6Rx sweep assumptions lead to different sets of requirements, we propose to have different capabilities. We don’t see performance or mobility benefit of enhancement on the requirement other than neighboring cell and L1-RSRP measurement. Therefore, the 2Rx and 6Rx sweep agreements only apply to neighboring cell and L1-RSRP measurement requirement.
Proposal 2: Define different UE capabilities for the two sets of requirements. The 2Rx and 6Rx sweep agreements only apply to neighboring cell and L1-RSRP measurement requirement
Since the possible DL beam AoAs are different in uni-directional and bi-directional models, network signaling to help UE identify uni-directional and bi-directional deployment is necessary. Otherwise, the agreements of Rx beam sweeping number is not feasible. In addition, the direction of new RRH, to which UE is switching, w.r.t. UE moving direction is necessary for UE to infer the possible AoA of DL beams in uni-directional deployment. Network needs to inform UE when the beam direction of new RRH, to which UE is switching, w.r.t. UE moving direction changes so that UE can search the opposite direction in uni-directional deployment.
Proposal 3: Network signals uni-direction or bi-direction deployment to UE. In uni-directional deployment, network signals the beam direction of new RRH, to which UE is switching, w.r.t. UE moving direction when it changes.
Note that with 2Rx beam sweep assumption, UE might need to use wider beams to cover the possible AoA range even when it is small. Therefore, performance degradation right after TCI state switch and handover is expected. 
Observation 1: Performance degradation right after TCI state switch and handover is expected when 2Rx beam sweep requirements are applied.
Note that even for scenario B, we agreed to reduce the number of Rx from 8 to 6Rx, while the DL Tx beam may come from a wide range of angles from both sides of tracks and possibly RRHs with different heights. Therefore, network assistant information to limit the search range is necessary for the feasibility 6Rx sweeping in neighboring cell search requirement. In addition to the feasibility of 6Rx sweeping, for L1-RSRP, beam refinement takes more time and becomes a large overhead if UE uses wider beams to satisfy 6Rx beam sweeping requirement.The network assistant information is necessary to speed up beam refinement and limit the overhead impact on demod. We propose the network assistant signaling in the next section.
Proposal 4: Network assistant signaling in section 2.2 should be introduced to ensure the feasibility of 6Rx beam sweeping.
[bookmark: _Hlk78385107]Beam Management Enhancement Signaling
In this section, we propose signaling design for beam management enhancement in FR2 HST. In high speed train scenario, UE moves on the track with a (almost) fixed direction. The RRHs are uniformly deployed across the railways and the variation of distances among RRHs and between RRH and the track is small on the same track. Therefore, RRHs can use the same set of beams (from beam peak direction perspective) to cover their serving regions. For example, the four beams from RRH1 are identical to the four beams from RRH2.
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In this case, UE sees the same set of beams in the same order repeatedly across all RRHs along the track, and each beam covers the same area. Since UE speed doesn’t vary too much within coverage of one RRH, the beam switch timing is predictable with known UE speed.
UE needs to know the mapping of the beams across different RRHs, i.e., which beam from the current RRH is with the same direction as a beam from the next RRH, to explore the repetition pattern for beam management enhancement. The RRHs can be in the same or different serving/nonserving cells. To enable UE to explore the repetition pattern, network can indicate different SSBs on different RRHs having the similar/correlated QCL property, e.g. beam peak direction difference is within x degrees. 
We use an example to explain the signaling design in the following. Network can signal the following mapping table to UE when UE is in the coverage of RRH1. Therefore, UE knows the approximated RRH beam directions from RRH2 before entering its coverage and reduce Rx sweeping time. The mapping can be signaled in the form of SSB indexes.
	RRH1
	RRH2

	1
	5

	2
	6

	3
	7

	4
	8



This priori RRH beam direction knowledge can help UE speed up beam discovery and neighboring cell detection by reducing Rx beam sweeping delay. Note that legacy L1-RSRP requirement Rx sweeping number is based on the assumption of using rough beam to search, and refine the Rx beam after TCI state switch. However, beam refinement becomes a large overhead for HST since beam dwelling time is short. With the proposed beam mapping assistant information, UE can reduce the candidate Rx beam set, and the sweeping Rx number could be enough for UE to use fine beam to measure. Then UE can reduce the beam refinement overhead after TCI state switch.
Note that this signaling doesn’t mandate uniform deployment. The purpose is to allow network in uniform deployment cases to signal this useful information to UE. If the deployment is not uniform in some segments on the track route, network can leave this empty or fill just part of the entries that satisfies uniform deployment.
Proposal 5: Network can indicate different SSBs on adjacent RRHs having the same QCL property: signal the mapping between the repeated sets of beams from the adjacent RRHs. Network only signals this mapping when the QCL property relationship can be established across RRHs. If deployment scenario doesn’t satisfy the QCL property similarity across RRHs, network doesn’t have to signal these flags. Send LS in the Appendix to RAN2 for this signaling design.
In addition to the beam mapping, network can signal the following information to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
Suppose UE knows its speed. UE can derive the beam switching timing based on beam width and beam peak to prepare for the beam switching. Network can similarly derive beam switching timing based on UE speed. Therefore, UE can signal its speed to the network, and then network doesn’t have to wait for measurement report to switch TCI state. Beam peak direction angle helps UE to refine its Rx beam.
Proposal 6: The following additional beam coverage related information can be signaled to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
In addition, UE can report speed to the network.
In the following sections, we discuss the potential enhancement assumed that the proposed additional information is available to UEs. 
Neighboring Cell Search Requirement
In high speed scenario, UE performs new beam detection and neighboring cell search/measurement frequently to maintain the connection. Beam dwelling and cell dwelling time are both short. When most of SMTCs are allocated for beam and neighboring cell search/measurement, the opportunities that UE can utilize to refine the Rx beams autonomously becomes rare. Further reducing the neighboring cell search/measurement leaves smaller margin on search/measurement procedures, which further decreases the autonomous Rx beam refinement opportunities. Note that Rx beam refinement is important in FR2 HST due to the fast UE speed.
As agreed in RAN4#100e, RRM requirements specified in RAN4 will NOT consider SSB overlapping cases across different RRHs in the same and different cells. Therefore, the adjacent RRHs belong to different BBUs can have SSBs TDMed to avoid the serving and neighboring SSB overlapping. The received SINR of neighboring cell SSBs are better than the neighboring cell detection in FR1 HST, since we take interference into consideration when analyzing FR1 HST scenario [3]. Therefore, we can assume neighboring cell SSBs are detectable at least once UE passed the first RRH belongs to the next BBU in uni-directional channel, or UE passed the midpoint between last RRH in the current BBU and the first RRH in the next BBU in bi-directional channel. Since uni-directional model handover location suffers from larger pathloss, we can use uni-directional model to derive the requirement and it is applicable to bi-directional model. 
We don’t see a valid use case for long DRx cycles in FR2 HST. Therefore, we propose to apply enhancement to DRx cycles up to 80ms.
The legacy FR2 neighboring cell requirement in DRx cycle = 80ms is 2.88s for detection and 2.88s for measurement, assuming no sharing factors. When we consider 6Rx sweeping instead of 8Rx, we get 2.16s for detection and 2.16s for measurement. In 350km/h, UE travels 420m during the detection and measurement time. As explained in the previous paragraph, interference is not an issue with careful SSB index design. Similarly, data can be scheduled TDMed or FDMed to avoid interference, as companies clarified in RAN4#98bis-e email discussion [4]. Therefore, signal strength degradation due to pathloss becomes the main concern in neighboring cell search requirement. Signal strength degradation during detection and measurement time should be small enough to ensure connectivity. We analyze the pathloss difference between the RRH switching point when the two RRHs are in the same BBU and the handover point for RRHs connected to different BBUs in the following. The distance to serving RRH at RRH switching point is

where z is the switching point location w.r.t. to the nearest RRH. The distance to serving RRH at handover point is

where x is distance UE traveled during detection and measurement. We plot the additional pathloss w.r.t. detection and measurement time (summation) below with different Dmin and z considering RMaLoS pathloss model. Dmin is 10m unless specified. We can observe that additional pathloss is <5dB as long as the detection and estimation time is within 4200ms. Therefore, by removing the 1.5 factor, we can keep the additional pathloss within 5dB. According to our analysis in [4] and the peak EIRP requirement agreed in RAN4#99e [5], with 5dB additional pathloss, the lowest SINR is still above 10dB, which is enough to keep connection. Since angle can change a lot during this 4200ms period, UE and RRH are expected to use wide beam for neighboring cell search procedure. Assuming that network provided additional information to UE as proposed in the previous section, UE is able to detect and measure the neighboring cell when considering 6Rx sweeping instead 8Rx and keeping the 1.5 factor. 
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Proposal 7: For FR2 HST neighboring cell search enhancement, consider 6Rx instead of 8Rx sweeping in the legacy requirement and keep 1.5 relaxation factor and number of samples the same if network can provide assistant information to UE as proposed in section 2.2. The enhancement is applicable only to DRx cycle <= 80ms.
For scenario A case with 2Rx, if RAN4 agrees our applicability rule proposal, we can replace 8Rx sweeping in the legacy requirement by 2Rx sweeping.
Proposal 8: For scenario A, replace 8Rx sweeping in the legacy requirement by 2Rx sweeping if applicability rule in Proposal 1 is agreed.
Known TCI State Condition
In the previous meeting, companies raised the issue of known TCI state condition in FR2 HST. In high speed scenario, received beam power can vary a lot in 1280ms, and the legacy known condition may not be suitable for HST. However, with shorter known condition time, UE may not be able to detect the desired SSBs, and then UE mostly operated in the unknown TCI state. Fortunately, the beam management signaling design proposed in the previous section can help UE to detect new SSBs faster. Therefore, we can have shorter known condition time but still have desired TCI state known to UE before switching to it. 
Proposal 9: Known TCI state condition can be shorter if network can provide assistant information to UE as proposed in section 2.2.
L1-RSRP Measurement Requirement
We assume UE to use wide beam for L1-RSRP measurement since the Rx sweeping factor is the same as neighboring cell measurement. UE relies only Rx beam refinement procedure to derive the best fine beam after reporting and switching to the new TCI state. If beam dwelling time is relatively long compared with the beam refinement time, the beam management overhead doesn’t degrade the throughput too much. However, beam dwelling time in HST is much shorter than legacy scenarios. UE needs to perform beam refinement before reporting and switching to reduce the impact on the throughput. 
In HST, the measurement accuracy degrades due to the long time between the first few measurements and gNB report reception. Longer measurement time also slows down the TCI state switch in HST, which may degrade throughput since UE may stay in a TCI state with a lower antenna gain than the best TCI state due to delay in L1-RSRP reporting. Therefore, the agreed Rx sweep reduction is applicable to L1-RSRP. However, if we need to enable UE to perform Rx beam refinement procedure within a shorter L1-RSRP measurement time than the legacy requirement, network assistant information proposed in the previous is necessary. For example, with beam mapping information, UE can pick a set of narrow beams and sweep them in L1-RSRP measurement procedure instead of using wide beam as in legacy requirement assumption. Then when gNB schedules a TCI state switch after the report, UE can start with the refined Rx beam for reception and avoid the throughput degradation due to beam refinement procedure.
For the scenario A requirement with 2Rx sweeping, we can keep the 1.5 factor as legacy requirement. Given that only 2 beams are considered per RRH, the average dwelling time is 3.6s. In this case, we don’t see the need to remove the 1.5 factor.
Proposal 10: Apply agreed Rx sweeping number to enhance L1-RSRP measurement requirement if network can provide assistant information to UE as proposed in section 2.2. Keep the 1.5 factor at least for scenario A.
Network Signaling and UE Capability
A base station may serve UEs with and without FR2 HST enhancement. UE capability is helpful for the base station to distinguish whether UE can support FR2 HST enhancement. Therefore, defining UE capability for FR2 HST enhancement is necessary.
Proposal 11: Define UE capability for FR2 HST enhancement support.
Beam Propagation Delay Difference in Uni-directional Model
While UE can derive timing for any beam by PSS/SSS detection, the large propagation delay difference can introduce large ISI and signal power (of PSS/SSS) degradation. 700m distance leads to 2.3us propagation delay, which is 4 times CP and more than ¼ symbol duration. However, since UE performs new beam search mostly in <0dB SINR, the ISI of 2us has negligible impact on performance. 2us difference in timing compared to serving beams can also be easily handled by PSS/SSS detection algorithm. Therefore, beam propagation delay difference is not a concern based on our analysis.
Observation 2: PSS/SSS detection is robust enough to accommodate the ISI and timing change due to large propagation delay difference between beams from different RRHs.
Since PSS/SSS detection provides only coarse timing, UE relies on TTL to correct timing after TCI state switch. As companies pointed out in the previous meetings, the propagation delay difference exceed the TTL tracking range. Therefore, we propose to add a MAC-CE command to inform UE that the TCI state switch is across RRH. UE can infer that a large propagation delay is expected when uni-directional deployment is signaled to UE. UE can leverage the PSS/SSS timing as additional side information when performing timing adjustment if it receives this flag. The large DL timing change can have a significant impact on demod before UE correcting the timing. A large one shot UL timing adjustment following the DL timing adjustment is needed, too. Therefore, we propose that we don’t impose any requirement after TCI state switch across different RRHs before the first TRS is received by UE, including demod performance and TA.
Proposal 12: Add a MAC-CE command to inform UE of the TCI state switch is across RRH. No requirement after TCI state switch across different RRHs before the first TRS is received by UE, including TA adjustment limitation, Tq. 
For UL, after switching to the next RRH, TA adjustment is needed to compensate for the large propagation delay difference. The UL autonomous TA adjustment limitation, Tq, doesn’t apply to the first UL slot after TCI state switch, and UE can perform one time large TA adjustment autonomously following DL timing adjustment. Therefore, UE can perform a one shot TA adjustment to correct the UL timing if the first scheduled UL slot after TCI state switch is after the first timing tracking reference signal (e.g., TRS) receiption.
Proposal 13: Impose UL scheduling restriction between TCI state switch across different RRHs and the first TRS after the switch.
Idle/Inactive Mode Requirement
In WF from RAN4#99-e [1], idle/inactive mode enhancement is agreed. We don’t see any valid use case for idle/inactive mode with long DRx cycle in FR2 HST. Therefore, we propose to restrict the DRx cycle to 320ms. Note that within 320ms, assuming switching point is 70m away from RRH and Dmin = 150m, the azimuthal angle change can go up to 10 degrees. Therefore, even with DRx cycle = 320ms, every time UE wakes up, it can see 10 degrees change in RRH direction and it leads to significant change in UE/RRH antenna gain. When we consider longer DRx cycles, the azimuthal angle change can be much larger, e.g., 640ms can go up to almost 20 degrees, and it becomes harder for UE to keep track of the received power variation and the Page decoding might become unreliable. Therefore, we should restrict idle mode DRx cycle to 320ms.
Proposal 14: Restrict idle mode enhancement to DRx cycle within 320ms.
As we explained in section 2.2, in FR2 HST with appropriate deployment, we can consider interference-free neighboring cell search in the coverage of the first RRH connected to a new BBU. The maximum additional pathloss within this coverage is 7.27dB, hence the SNR is still sufficient for SSB measurement and Page decoding. The first RRH is detectable once UE enters its coverage, and UE needs to reselect to the new cell (BBU) before it leaves the first RRH coverage, i.e., the traveled distance is within 700m. With 320ms DRx cycle length, UE travels about 700m in 24 DRx cycles. In 24 DRx cycles, UE can take 3 samples with each of 8 wide beams, which is the same as connected mode thus simplifies UE implementation. Therefore, we propose to set detection time for idle mode enhancement to 24 DRx cycles when DRx cycle length is 320ms.
Proposal 15: Allow 24 DRx cycles detection time when DRx cycle length is 320ms in idle mode enhancement.
The measurement and evaluation time follow FR1 HST enhancement, but we keep the N1 factor to account for Rx sweep. Our idle mode measurement requirement proposal is summarized below:
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	0.32
	7.68 x M2 (24 x M2)
	2.56 x M3 (8 x M2)
	7.68 x M4 (24 x M2)

	Note 1:	when SMTC < = 40 ms, M2 = 1; and when SMTC > 40 ms, M2 = 1.5




Conclusion
Proposal 1: The 2Rx beam sweep based requirement applies to the cases in which Dmin and Hdiff are both no greater than 10m.
Proposal 2: Define different UE capabilities for the two sets of requirements. The 2Rx and 6Rx sweep agreements only apply to neighboring cell and L1-RSRP measurement requirement
Proposal 3: Network signals uni-direction or bi-direction deployment to UE. In uni-directional deployment, network signals the beam direction of new RRH, to which UE is switching, w.r.t. UE moving direction when it changes.
Observation 1: Performance degradation right after TCI state switch and handover is expected when 2Rx beam sweep requirements are applied.
Proposal 4: Network assistant signaling in section 2.2 should be introduced to ensure the feasibility of 6Rx beam sweeping.
Proposal 5: Network can indicate different SSBs on adjacent RRHs having the same QCL property: signal the mapping between the repeated sets of beams from the adjacent RRHs. Network only signals this mapping when the QCL property relationship can be established across RRHs. If deployment scenario doesn’t satisfy the QCL property similarity across RRHs, network doesn’t have to signal these flags.
Proposal 6: The following additional beam coverage related information can be signaled to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
In addition, UE can report speed to the network.
Proposal 7: For FR2 HST neighboring cell search enhancement in scenario B, consider 6Rx instead of 8Rx sweeping in the legacy requirement and keep 1.5 relaxation factor and number of samples the same if network can provide assistant information to UE as proposed in section 2.2. The enhancement is applicable only to DRx cycle <= 80ms.
Proposal 8: For FR2 HST neighboring cell search enhancement in scenario A, replace 8Rx sweeping in the legacy requirement by 2Rx sweeping if applicability rule in Proposal 1 is agreed.
Proposal 9: Known TCI state condition can be shorter if network can provide assistant information to UE as proposed in section 2.2.
Proposal 10: Apply agreed Rx sweeping number to enhance L1-RSRP measurement requirement if network can provide assistant information to UE as proposed in section 2.2. Keep the 1.5 factor at least for scenario A.
Proposal 11: Define UE capability for FR2 HST enhancement support.
Observation 2: PSS/SSS detection is robust enough to accommodate the ISI and timing change due to large propagation delay difference between beams from different RRHs.
Proposal 12: Add a MAC-CE command to inform UE that the TCI state switch is across RRH. No requirement after TCI state switch across different RRHs before the first TRS is received by UE, including TA adjustment limitation, Tq. 
Proposal 13: Impose UL scheduling restriction between TCI state switch across different RRHs and the first TRS after the switch.
Proposal 14: Restrict idle mode enhancement to DRx cycle within 320ms.
Proposal 15: Allow 24 DRx cycles detection time when DRx cycle length is 320ms in idle mode enhancement.
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[bookmark: _Hlk78384944]1. Overall Description:
Under the R17 work items on high speed train support for FR2, RAN4 has identified the necessity of reducing the new beam, neighboring cell discovery delay and beam refinement time. RAN4 has concluded that the following network assistant signaling is necessary to be introduced to support high speed train operation in FR2:
· Network indicates different SSBs on adjacent RRHs having the same QCL property. To be more specific, network signals the mapping between the RRH beams of the current RRH and the next RRH, and each beam pair on the mapping has the same QCL property. The initial mapping configuration is in RRC, and MAC-CE indicates an update mapping in each RRH.
· In addition to the mapping between adjacent RRHs, network provides the following information to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
· UE is allowed to report its speed to network
Since UE travels in a fixed direction most of the time on a high speed train, UE can derive the expected direction of the future RRH beam by the QCL information signaled by the mapping. The additional information helps UE and network to infer the expected beam switch timing. 
RAN4 kindly ask RAN2 to design the corresponding signalling to support the operation in high speed train scenario in FR2.

2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN2 to design the corresponding signalling to support the operation in high speed train scenario in FR2.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #102-e               17- 25 Jan 2022    Online 
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