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Introduction
In RAN4 #101bis-e 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#101bis-e meeting, we have the following open issue [1]:
· FFS, whether it should be clarified in the TR that 2Rx beam sweep based requirement (set 1) applies to the deployment scenario with Dmin > [10] m or Hdiff (height difference between train rooftop mounted CPE and RRH) > [10] m, performance degradation is expected.
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. Some companies suggested to have a larger threshold than 10m, e.g., 50m. We analyze the throughput based on framework in [2], and found that when Dmin is 50m, the optimal switching point when following scenario A setting is at Ds_offset = 125m. When we follow scenario B setting and allow 6 beams, the optimal Ds_offset becomes 50m and the throughput is 20% higher than following scenario A setting (applying set 1 requirement). If we consider even larger distance up to Dmin = 150m, the optimal switching point is even farther away from RRH, as we observed in [2], UE then experiences up to 60% performance loss. 
Therefore, we propose to capture the following applicability description in TR.
Proposal 1: Capture the following description of set 1 requirements applicability in TR:
When 2Rx beam sweep based requirement (set 1) applies to the deployment scenario with Dmin > 10m or Hdiff (height difference between train rooftop mounted CPE and RRH) > 10m, performance degradation is expected.
[bookmark: _Hlk78385107]Propagation delay difference in Uni-directional Model
The following agreements are achieved in RAN4#101bis-e:
· With network signaling to enable one shot large timing adjustment UE shall apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than a timing difference threshold.
· Option 1: 9*64*Tc = CP/2
· Option 2: Tq = 4.5*64*TC = CP/4
· Option 3: Select a threshold from above options or new options, and the performance degradation due to timing error on both DL and UL to UE and network after TCI state switch is expected if network assistant signaling to inform UE on cross RRH TCI state switch is not introduced
· Other options are not precluded
· FFS, RRM requirement, and acceptable value of residual error in UE large one-shot UL timing adjustment.
As we proposed in the previous meeting, network assistant signaling can avoid the performance degradation from false alarm and misdetection due to inaccurate SSB timing estimation as explained in our previous contribution [3], quoted the observation below:
Observation: The RSRP measurement accuracy is off by 0.6dB with 2CP timing offset. Detection large timing change by SSB timing for measurement purpose is not reliable.
Therefore, we propose the following network assistant signaling:
Proposal 2: Add a MAC-CE command to inform UE of the TCI state switch is across RRH and send an LS to RAN2.
If RAN4 ends up deciding to have UE autonomous detection without network signaling, option 3 was proposed to address the performance degradation. In addition, the following issues were raised during CR discussion on the detection and timing adjustment procedure:
· When UE is expected to perform the large timing jump detection?
· When performing the detection, what is the reference timing and when is the timing acquired of the target SSB? Which SSBs should UE perform detection on?
· When can UE acquire and apply the new timing on DL and UE? On which reference signal?
To mitigate the performance degradation and address the above issues in UE autonomous detection, we propose the following procedure for UE autonomous detection. The following scheme is applicable only when network enables large one shot timing adjustment.  
· Step 1: UE detect the timing difference before TCI state switch
· Network schedules an aperiodic L1-RSRP report before cross-RRH TCI state switch
· After receives the aperiodic L1-RSRP report, UE refines timing based on PSS/SSS and performs the detection on the next SSB measurement occasion for a set of candidate SSBs. Options for candidate SSBs
· Option 1: Network configures one set in csi-SSB-ResourceSetList with the first x SSBs in each RRH that UE can switch to when switching to the RRH. Alternatively, network configures one set for each RRH in csi-SSB-ResourceSetList with the first x SSBs in the RRH that UE can switch to when switching to the RRH. csi-SSB-ResourceSet in CSI-AssociatedReportConfigInfo point to this set, and UE use it as candidate SSBs.
· Option 2: x SSBs with the largest RSRPs reported previously
· Detection rule: any of the candidate SSBs satisfy |SSB timing – current DL timing|>threshold
· If any of the candidate SSBs satisfies the condition, the next TCI state switch to that SSB is cross-RRH
· Step 2: UE adjust DL and UL timing after cross-RRH TCI state switch
· Apply DL/UL scheduling restriction after cross-RRH TCI state switch until the first TRS is received after the TCI state switch.
· No DL and UL reception/transmission is scheduled before first TRS is received to prevent UE from receiving/transmitting signals based on the coarse timing from the SSB measurement.
· UE adjust DL timing by using coarse timing from the SSB measurement after the aperiodic L1-RSRP report, and refine the DL timing by the TRS received after TCI state switch
· UE applies TA adjustment magnitude of 2*|TRS timing – previous DL timing| on the first UL after TRS reception (UL TA adjustment is twice of DL timing change)
Note that in this proposal, we re-interpret the aperiodic L1-RSRP request only when network enables large one shot timing adjustment without introduce explicit indicator. With the aperiodic L1-RSRP request, UE can apply updated SSB timing acquired from the SSB occasion after the aperiodic L1-RSRP request instead of the stale SSB timing acquired in the SSB detection to detect the large DL timing change. The updated SSB timing is much more accurate than the stale SSB timing, and UE can prevent false alarm and miss detection when performing the detection based on the updated SSB timing.
Observation 1: The proposed aperiodic L1-RSRP request can prevent false alarm and miss detection in large DL timing detection by enabling UE to use the updated SSB timing from the latest SSB occasion instead of stale SSB timing from SSB detection.
The additional processing from UE is acquiring timing for a small set of SSBs in one SSB measurement occasion and threshold comparison for detection, and these procedures are not too expensive for UE to perform it whenever an aperiodic L1-RSRP is scheduled even without cross-RRH TCI state switch. Comparing to the alternative RACH procedure after cross-RRH TCI state switch, this is a relatively efficient proposal in terms of throughput loss and network/UE implementation complexity.
Observation 2: The aperiodic L1-RSRP report approach for enabling large timing adjustment is more efficient than RACH procedure from throughput impact and network/UE implementation perspective.
Proposal 3: Apply the following procedure to cross-RRH TCI state switch:
· Network schedules an aperiodic L1-RSRP report to trigger DL timing difference detection before cross-RRH TCI state switch.
· RAN4 imposes UL and DL scheduling restriction after cross-RRH TCI state switch before first TRS reception. UE performs the large UL timing adjustment on the first UL transmission after the first TRS reception, and this timing adjustment is allowed to exceed the Tq requirement in 38.133 clause 7.1.2.1.
The text proposal for capturing the above procedure in RAN4 spec is in draft CR[4].
We found another issue due to the propagation delay difference. When two UEs are close to each other and to an RRH, and they happened to be in two TCI states from different RRHs, UL slots of one UE can overlap to DL slots of the other UE and cause large interference. 
Observation 3: Propagation delay difference between two RRHs can cause large UL to DL interference when two UEs are close two each other and an RRH.
Network can pre-compensate the propagation delay difference during calibration procedure for RRH DL timings by BBU. Instead of aligning DL frame boundary, network can apply different offset to different RRHs, and ensure the DL frame boundaries across different RRHs are aligned in the region TCI state switches are likely to happen. When the DL frame boundaries are aligned, we can eliminate UL to DL interference. Note that when DL frame boundaries are aligned, network needs to inform UE the TA change needed via network assistance signaling.
Proposal 4: Network applies different offsets to DL frame boundaries of different RRHs to pre-compensate the propagation delay difference across different RRHs to eliminate UL to DL interference across UEs. Network then inform UE the TA change needed after TCI state change across RRHs.
Neighboring Cell Search Requirement
One of the open issue for intra-frequency measurement from RAN4#101bis-e is:
· Discuss the following options to define the scaling factors:
· Option 1: Scaling factors (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps) equal 6 for Set 1 and 18 for Set 2
· Option 2: Scaling factors (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps) equal 10 for Set 1 and 24 for Set 2
· Companies are encouraged to check, whether 600ms lower bound is makes sense when 80ms< DRX cycle≤ 320ms
We provide the following analysis to show that option 2 is feasible from mobility perspective and enables UE to use finer beams during search to improve detection probability. 
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 LTE and NR FR1 HST scenario [5,6]. 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 consider the worst case DRx, 80ms as the upper bound in connected mode, and set 2 as an upper bound for scaling factor, in the following analysis.
The neighboring cell identification requirement with Mpss/sss_synch_w/o_gaps = Mmeas_period_w/o_gaps = 24 in DRx cycle = 80ms is 1.92s for detection and 1.92s for measurement, assuming no sharing factors. In 350km/h, UE travels 373m 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 [7]. 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. We can observe that the additional pathloss is <5dB as long as the detection and estimation time is within 4000ms. Therefore, by selecting option 2, we can still keep the additional pathloss within 5dB. According to our analysis in [8] and the peak EIRP requirement agreed in RAN4#99e, with 5dB additional pathloss, the lowest SINR is still above 10dB, which is enough to keep connection. 
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Observation 4: The additional pathloss for option 2 (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps =24) is within 5dB and SINR is kept above 10dB during the cell identification time, which is more than sufficient to maintain connection. 
Proposal 5: For FR2 HST neighboring cell search enhancement, set scaling factors (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps) equal 10 for Set 1 and 24 for Set 2.
FR2 HST UE Features
Given that network has options to enable and disable the one shot large UL timing adjustment, we propose to introduce a UE capability on the support of one time large timing adjustment. There are additional functions to be supported, including SSB timing refinement, large timing difference detection and using SSB timing from measurement as reference timing after TCI state switch, to implement this one shot UL timing adjustment, and we believe a UE capability is beneficial for UE implementation flexibility.
Proposal 6: Introduce a UE capability for one shot large UL timing adjustment.
Conclusion
Proposal 1: Capture the following description of set 1 requirements applicability in TR:
When 2Rx beam sweep based requirement (set 1) applies to the deployment scenario with Dmin > 10m or Hdiff (height difference between train rooftop mounted CPE and RRH) > 10m, performance degradation is expected.
Proposal 2: Add a MAC-CE command to inform UE of the TCI state switch is across RRH and send an LS to RAN2.
Observation 1: The proposed aperiodic L1-RSRP request can prevent false alarm and miss detection in large DL timing detection by enabling UE to use the updated SSB timing from the latest SSB occasion instead of stale SSB timing from SSB detection.
Observation 2: The aperiodic L1-RSRP report approach for enabling large timing adjustment is more efficient than RACH procedure from throughput impact and network/UE implementation perspective.
Proposal 3: Apply the following procedure to cross-RRH TCI state switch:
· Network schedules an aperiodic L1-RSRP report to trigger DL timing difference detection before cross-RRH TCI state switch.
· RAN4 imposes UL and DL scheduling restriction after cross-RRH TCI state switch before first TRS reception. UE performs the large UL timing adjustment on the first UL transmission after the first TRS reception, and this timing adjustment is allowed to exceed the Tq requirement in 38.133 clause 7.1.2.1.
The text proposal for capturing the above procedure in RAN4 spec is in draft CR[4].
Observation 3: Propagation delay difference between two RRHs can cause large UL to DL interference when two UEs are close two each other and an RRH.
Proposal 4: Network applies different offsets to DL frame boundaries of different RRHs to pre-compensate the propagation delay difference across different RRHs to eliminate UL to DL interference across UEs. Network then inform UE the TA change needed after TCI state change across RRHs.
Observation 4: The additional pathloss for option 2 (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps =24) is within 5dB and SINR is kept above 10dB during the cell identification time, which is more than sufficient to maintain connection. 
Proposal 5: For FR2 HST neighboring cell search enhancement, set scaling factors (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps) equal 10 for Set 1 and 24 for Set 2.
Proposal 6: Introduce a UE capability for one shot large UL timing adjustment.
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1. Overall Description:
Under the R17 work items on high speed train support for FR2, RAN4 has identified the necessity of informing UE the inter-RRH TCI state switch due to the large propagation delay difference across signals from different RRHs in uni-directional model. 
RAN4 has agreed to introduce the network assistant signaling informing UE that a TCI state switch is across RRH. The signaling methods include but not limited to either RRC based signaling which indicates the set of SSB index and order along the track belongs to each RRH, or through dynamic signaling via MAC-CE comes with TCI state switch.
RAN4 kindly asks RAN2 to design the corresponding signalling for cross RRH TCI state switch indication to support the operation in high speed train scenario in FR2.

2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN2 to design the corresponding signalling for cross RRH TCI state switch indication to support the operation in high speed train scenario in FR2.

3. Date of Next TSG-RAN WG4 Meetings:
TBD
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