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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [2, RP-210800]).  Based on last RAN4 meeting (RAN4#98-e) discussion, agreements are achieved in the approved WF [4, R4-2105794] on RRM requirement. 
We would like to further provide our viewpoints on RRM requirements for FR2 HST in this contribution. 
2 Discussion on RRM Requirements
2.1 Handover
For the handover delay requirement defined in Rel-15/16, the major difference between FR1 and FR2 is the scaling factor 8 used for RX beam sweeping for Tsearch of an unknown target cell. So one of the discussion point in last meeting is whether or not unknown target cell should be considered for FR2 HST, as captured in WFs as below [4]:
	· Handover:
· Existing FR2 requirement should be applicable to the HST FR2 deployments when the target cell is known.
· FFS: Handover requirements when the target cell is unknown
· FFS: a need to address the potential change in the scaling factor 8.



Firstly, the scaling factor defined here needs to be aligned if RX beam number is concluded. Secondly, because ”Only DPS transmission mode considered for FR2 HST”, it is possible that the neighboring cell allocate different SSB indexes, which can avoid co-channel intereference which will alleviate SNR sudden RX signal increase for the target cell: 
Table 2.1-1 Example of SSB index allocation to avoid inter-cell interference
	Cell ID
	SSB Allocation 
(Note: 4 SSB index needed per cell for 4 RRHs)

	Cell-0
	SSB-0, 1, 2, 3 (rate matching to blank SSB-4, 5, 6, 7)

	Cell-1
	SSB-4, 5, 6, 7 (rate matching to blank SSB-0, 1, 2, 3)

	Cell-2
	SSB-0, 1, 2, 3 (rate matching to blank SSB-4, 5, 6, 7)

	Cell-3
	SSB-4, 5, 6, 7 (rate matching to blank SSB-0, 1, 2, 3)

	...
	...


Observation-1: The scaling factor for handover to unknown cell needs to be aligned with the conclusion from RX beam number discussion. 
Observation 2: SSB index among neighboring cells needs to be carefully allocated to avoid the inter-cell interference. 
2.2 Autonomous Timing Adjustment
For timing related aspect, the following WFs are achieved in last RAN4 meeting [4]: 
	· Timing:
· Autonomous time adjustment:
· Option 1: Autonomous timing adjust step Tq for FR2 in high speed scenario is 4.5Ts.
· Option 2: Other options are not precluded
· TA mechanism enhancement:
· Option 1: One-time large TA adjustment can be enabled when switching between RRH for uni-directional deployment
· Option 2: Other options are not precluded
· Requirements for MRTD/MTTD:
· Not applicable to FR2 HST


 
For UE autonomous time adjustment, it is identified by several companies that larger Tq is required to support HST operation in FR2, while the required 2.5 Ts for Tq in FR2 is not enough to cover timing drift (contributed by frequency error and UE’s mobility). We agree with the analysis for the necessity of Tq = 4.5 Ts.  
Observation-3: To support higher mobility for FR2 HST, the autonomous timing adjust step Tq needs to be increased, as analyzed by companies in last meeting. 
On the other hand, although some company claim the different values of required Tq should be adjustable if FR2 HST deployment flag is indicated, we found it is not needed: For FR2 HST UE, it will be dedicated UE type and if UE type can support FR2 HST operation, larger Tq needs to be supported. 
Observation-4: The requirement of the enlarged autonomous timing adjust step Tq is applicable to FR2 HST UE, which is not related to network signaling flag (if introduced). 

2.3 Propagation Delay Problem
For TA mechanism enhancement, it is proposed that “one-time large TA adjustment can be enabled when switching between RRH for uni-directional deployment”, because the large difference between propagation delays from two neighboring RRHs.  Furthermore, for bi-directional deployment with scheme-2 (which is agreed to be used as starting point for further analysis) illustrated as below, the similar large propagation delay difference problem can be observed. 
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Figure 2.3-1. Illustration of Scheme-1 and Scheme-2 for bi-directional deployment [4]: 
Scheme-1: Connecting to 2nd-Nearest RRH; Scheme-2: Connecting to Nearest RRH except Coverage Hole.
Observation-5: The problem of the large propagation delay difference from two neighboring RRHs can be observed for both (1) uni-directional RRH deployment and (2) bi-directional RRH deployment. 
In last RAN4 meeting, the revision of TA adjustment is requested: For the assumed separation distance Ds = 700m, the TA adjustment should be larger than 2us to cover the large propagation delay difference. However, for L1-RSRP measurement of the beam formed by neighboring RRH, if the timing difference exist, we see the additional difficulty introduced by this intra-cell timing difference. Because of this, we propose RAN4 also consider network-based pre-compensation mechanism for different propagation delays. 
Observation-6: The problem of the large propagation delay difference from two neighboring RRHs can impair the intra-cell measurement of non-serving beam measurement/report. 
To solve the problem of large propagation delay difference from two neighboring RRHs, we can see the following possible solutions with pros and cons listed: 
Observation-7: Possible solutions to the problem of large propagation delay difference from two neighboring RRHs are identified as below Table with pros and cons listed: 
Table 1. Possible solutions to the problem of large propagation delay difference from two neighboring RRHs
	Solution Description
	Pros
	Cons

	Solution-1: One-time large TA adjustment
	(1) Still follow existing framework of TA adjustment
(2) Partially solve propagation delay difference problem. 
	(1) RAN1 impact to define one-time large TA; 
(2) Time difference between different beams from RRHs still exist, and problem exists for Intra-cell measurement on non-serving beam 

	Solution-2: NW-based pre-compensation of different propagation delays
	(1) NW implementation scheme totally transparent to UE. 
	(1) It is hard to support multiple UEs because different compensation may be needed for different UEs at varied locations. 
(2) New TA adjustment mechanism for NW implementation. 

	Solution-3(a): Avoid deployment scenarios with large propagation delay difference: 
- Only use bi-directional with Scheme-1 
(i.e., Don’t use uni-directional; and don’t use bi-directional with Scheme-2/3)
	(1) Bi-directional scheme-1 can avoid propagation delay problem. 

	(1) Link performance may not be optimized because the 2nd nearest RRH (rather the nearest RRH) used; 
(2) For cell boundary, additional one handover is needed due to the interleaved cell indexes. 

	Solution-3(b): Avoid deployment scenarios with large propagation delay difference:
- Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH
	(1) No propagation delay difference problem
(2) Cell coverage hole can be alleviated by adding one more RRH panel. 
	(1) Cell coverage hole for the region around RRH site, and service interruption may be experienced. 

	Solution-4: Uni-directional deployment with interruption allowed
	(1) UE autonomous timing adjustment to the target RRH
	(1) No L1-RSRP measurement performance on the target RRH’s beam, so TCI switching to unknown TCI state.
(2) RAN4 needs to allow interruption to accommodate UE autonomous timing adjustment and TCI state switching.



[bookmark: _GoBack]Proposal-1: RAN4 to discuss and down-select one solution from below solutions for large propagation delay difference problem: 
· Solution-1: One-time large TA adjustment
· Solution-2: NW-based pre-compensation of different propagation delays
· Solution-3: Avoid deployment scenarios with large propagation delay difference: 
· Solution-3(a): Only use bi-directional with Scheme-1, i.e., don’t use uni-directional; and don’t use bi-directional with Scheme-2/3. 
· Solution-3(b): Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH. 
· Solution-4: Uni-directional deployment with interruption allowed. 
3.4 Active TCI State Switching Delay
In last RAN4 meeting, the following WFs are achieved for active TCI state switching delay requirement [4]: 
	· Active TCI state switching delay:
· Option 1: Consider only known TCI state.
· Option 2: Known or unknown TCI state switching is applied in FR2 HST depends on the deployment. 
· If the overlapping area between serving beam and target beam is appropriate, the L1-RSRP measurement can be reported in time. The existing TCI switching delay can be reused in FR2 HST. 
· If UE is not able to report L1-RSRP of the approaching beam before network indicates a TCI state switching, L1-RSRP measurement procedure will be additional added. The performance shall be carefully studied
· Other options are not precluded



By following the condition of known/unknown TCI state, the TCI state is known only if “TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement”. By assuming 350kmph maximum UE speed, the distance travelled over 1280ms can be as much as 124.4 meters. By referring to our analysis results from deployment scenario analysis, e.g., for Scenario-A (bi-directional RRH deployment), 124.4meters could be larger the beam region for the coverage hole around RRH site (denoted by the beam coverage region by SSB-4). 


Figure 3.3-1 RX power with UE RX beamforming, Scenario-A, Bi-directional (2+3 beam per RRH site), cited from accompanying discussion paper on Scenario-A
In other words, to satisfying known TCI state condition, the beam measurement on SSB-5 needs to be reported in the region of SSB-3, however, the SSB-5 beam coverage is very poor at the SSB-3 region, which incur the difficulty of having TCI state known condition here. 
Observation-8: Given the current known TCI state condition specified in TS38.133, the known TCI state condition may not be applied when UE is passing the cell coverage hole around RRH site, for bi-directional RRH deployment. 
Based on the above analysis, we found that the existing TCI state known condition could be problematic for HST scenario, and straightforwardly, the solution can be either (1) revising the TCI known condition for HST scenario, or (2) defining delay requirement for TCI unknown condition. 
Proposal-2: Because of short-range beam coverage of HST bi-directional scenario, it is required to
Option-1: Revising the TCI known condition for HST scenario, or
Option-2: Defining delay requirement for unknown TCI state condition, or 
Option-3: Deferring the decision until RAN4 decide the solution for propagation delay problem. 
Next, we would like to further discuss the feasibility and pros/cons for the above two methods. The argument of applying option-1 can be very short beam dwelling time required by FR2 HST scenario, and the 1.28s known condition is not applicable in this scenario. With shorted time required for TCI known condition, UE is able to report SSB-5 during beam dwelling time of SSB-4, which makes the TCI state switching to a known TCI state possible. 
On the other hand, if option-2 is used, the unknown TCI state is unavoidable, so the duration of one L1-RSRP measurement procedure will be additionally added for TCI state switching delay. Considering the smaller value of scaling factor N can be reduced due to smaller number of RX beams required for FR2 HST scenarios, the L1-RSRP measurement period can be reduced. But the detailed impact of this added L1-RSRP measurement period needs further evaluation, especially by considering (1) Signal strength level concluded from deployment scenarios, (2)	L1-RSRP measurement period for FR2 HST UE, and (3) UE mobility speed.  
Proposal-3: If option-2 (defining the delay requirement for unknown TCI state condition) is followed, RAN4 needs to further evaluate the impact of one additional L1-RSRP measurement period due to unknown TCI state condition, by considering: 
(1) Signal strength level concluded from deployment scenarios;
(2) L1-RSRP measurement period for FR2 HST UE; 
(3) UE mobility speed. 

4. Conclusion
In this contribution, we further provided our discussion and viewpoint on RRM core requirement for FR2 HST. The following observations are provided accordingly: 
Observation-1: The scaling factor for handover to unknown cell needs to be aligned with the conclusion from RX beam number discussion. 
Observation 2: SSB index among neighboring cells needs to be carefully allocated to avoid the inter-cell interference. 
Observation-3: To support higher mobility for FR2 HST, the autonomous timing adjust step Tq needs to be increased, as analyzed by companies in last meeting. 
Observation-4: The requirement of the enlarged autonomous timing adjust step Tq is applicable to FR2 HST UE, which is not related to network signaling flag (if introduced). 
Observation-5: The problem of the large propagation delay difference from two neighboring RRHs can be observed for both (1) uni-directional RRH deployment and (2) bi-directional RRH deployment. 
Observation-6: The problem of the large propagation delay difference from two neighboring RRHs can impair the intra-cell measurement of non-serving beam measurement/report. 
Observation-7: Possible solutions to the problem of large propagation delay difference from two neighboring RRHs are identified as below Table with pros and cons listed: 
Table 1. Possible solutions to the problem of large propagation delay difference from two neighboring RRHs
	Solution Description
	Pros
	Cons

	Solution-1: One-time large TA adjustment
	(1) Still follow existing framework of TA adjustment
(2) Partially solve propagation delay difference problem. 
	(1) RAN1 impact to define one-time large TA; 
(2) Time difference between different beams from RRHs still exist, and problem exists for Intra-cell measurement on non-serving beam 

	Solution-2: NW-based pre-compensation of different propagation delays
	(1) NW implementation scheme totally transparent to UE. 
	(1) It is hard to support multiple UEs because different compensation may be needed for different UEs at varied locations. 
(2) New TA adjustment mechanism for NW implementation. 

	Solution-3(a): Avoid deployment scenarios with large propagation delay difference: 
- Only use bi-directional with Scheme-1 
(i.e., Don’t use uni-directional; and don’t use bi-directional with Scheme-2/3)
	(1) Bi-directional scheme-1 can avoid propagation delay problem. 

	(1) Link performance may not be optimized because the 2nd nearest RRH (rather the nearest RRH) used; 
(2) For cell boundary, additional one handover is needed due to the interleaved cell indexes. 

	Solution-3(b): Avoid deployment scenarios with large propagation delay difference:
- Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH
	(1) No propagation delay difference problem
(2) Cell coverage hole can be alleviated by adding one more RRH panel. 
	(1) Cell coverage hole for the region around RRH site, and service interruption may be experienced. 

	Solution-4: Uni-directional deployment with interruption allowed
	(1) UE autonomous timing adjustment to the target RRH
	(1) No L1-RSRP measurement performance on the target RRH’s beam, so TCI switching to unknown TCI state.
(2) RAN4 needs to allow interruption to accommodate UE autonomous timing adjustment and TCI state switching.



Proposal-1: RAN4 to discuss and down-select one solution from below solutions for large propagation delay difference problem: 
· Solution-1: One-time large TA adjustment
· Solution-2: NW-based pre-compensation of different propagation delays
· Solution-3: Avoid deployment scenarios with large propagation delay difference: 
· Solution-3(a): Only use bi-directional with Scheme-1, i.e., don’t use uni-directional; and don’t use bi-directional with Scheme-2/3. 
· Solution-3(b): Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH. 
· Solution-4: Uni-directional deployment with interruption allowed. 
Observation-8: Given the current known TCI state condition specified in TS38.133, the known TCI state condition may not be applied when UE is passing the cell coverage hole around RRH site, for bi-directional RRH deployment. 
Proposal-2: Because of short-range beam coverage of HST bi-directional scenario, it is required to
Option-1: Revising the TCI known condition for HST scenario, or
Option-2: Defining delay requirement for unknown TCI state condition, or 
Option-3: Deferring the decision until RAN4 decide the solution for propagation delay problem. 
Proposal-3: If option-2 (defining the delay requirement for unknown TCI state condition) is followed, RAN4 needs to further evaluate the impact of one additional L1-RSRP measurement period due to unknown TCI state condition, by considering: 
(1) Signal strength level concluded from deployment scenarios;
(2) L1-RSRP measurement period for FR2 HST UE; 
(3) UE mobility speed. 
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