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Introduction
As part of NR mobility enhancements WI in Rel-16, to improve handover robustness, RAN2 agreed to introduce conditional handover (CHO). In previous RAN4 meetings, discussion started to introduce RRM requirements for CHO. In this contribution, we provide our views on RRM requirements for conditional handover.
Discussion
In the RAN4#92-Bis meeting, it was agreed [1] to split CHO handover delay into following phases 
· Phase 0: CHO command RRC processing 
· Phase 1: Measurement 
· Phase 2: HO execution 
The same is illustrated in figure 1. In the following sections, we provide our analysis on delay requirements for each phase. Figure 1: CHO overview




Phase 0: CHO command RRC processing
When UE receive CHO command through RRC message, UE has to process the RRC message and apply it. In unconditional handover, RRC processing delay takes 10ms. However, in CHO, RRC processing delay is split into two parts. First part of the delay is for decoding RRC message and applying CHO command and second part is for stopping timers and disconnecting from source cell.  Since disconnecting from source cell and stopping timers occur after CHO condition is met, second part is not counted in CHO command RRC processing.  
As shown in figure 1, CHO command RRC processing can be represented by TRRC, 1. Since first part of the delay is only for decoding RRC message and applying CHO command, we feel that it can be upto 2ms.  
Proposal 1:  The delay required for CHO command RRC processing (TRRC, 1) is 2ms
Phase 1: Measurements 

UE measurement requirements may vary depending on whether the cell is already known to UE or not. gNB may configure CHO for UE based on the measurement report from UE. In this scenario, gNB configure UE with CHO to a known cell based on the measurement report sent by the UE. In other scenario, for load balancing, gNB may also configure UE to CHO to an unknown cell. In our view, these two cases are more probable scenarios in practice to which RAN4 should define requirements. 

We can consider already existing measurement reporting requirements of clause 9.x.y (barring reporting part of the requirements) of TS 38.133 as reference for defining measurement phase delay of CHO. In the below sections to analyse the requirements, we consider intra-frequency measurement reporting requirements of clause 9.2.5 as reference.  Based on the handover type, respective section of 9.x.y’s measurement reporting requirements shall apply.

Case 1: Unknown cell 
As per the requirements of TS 38.133 of clause 9.2.5, if the cell is unknown, UE requires to detect PSS/SSS and measure the SSB. If we look at the time taken for each of these steps, it takes TPSS/SSS_sync_intra ms for PSS/SSS detection and TSSB_measurement_period_intra ms (for SSB intra-frequency measurements).  On top of this, there may be higher layer processing time involved (as shown in figure 2), which can be represented as Thigher_layer_processing.
To generalise for other measurement scenarios like inter-frequency, total measurement period can be represented as Tmeasure.
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Figure 2: Measurement procedure
 
When UE receives CHO command from UE, target channel condition for CHO may have already be satisfied or it may take one measurement cycle to satisfy or  it may take multiple measurement cycles to get the target cell channel condition to be satisfied for CHO. Since we do not know when the CHO channel condition be met, we can represent the uncertainty of CHO condition to be met as Nuncertainity.  Therefore, from the figure 3 measurement phase delay can be represented as TPSS/SSS_sync_X + Nuncertainity × (TSSB_measurement_period_X + Thigher_layer_processing) + TTTT. Where TPSS/SSS_sync_X and TSSB_measurement_period_X are TPSS/SSS_sync_intra and TSSB_measurement_period_intra for intrafrequency and TPSS/SSS_sync_X and TSSB_measurement_period_X are TPSS/SSS_sync_inter and TSSB_measurement_period_inter for inter-frequency respectively. In our understanding, Thigher_layer_processing can be close to zero. Which can be discussed and finalised in the RAN4#93 meeting.
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Figure 3: Measurement phase illustration for intra-frequency
Proposal 2: Define Tmeasure for unknown cell as TPSS/SSS_sync_X + Nuncertainity × (TSSB_measurement_period_X + Thigher_layer_processing) + TTTT. With Thigher_layer_processing close to zero. Where, TPSS/SSS_sync_X and TSSB_measurement_period_X are TPSS/SSS_sync_intra and TSSB_measurement_period_intra for intrafrequency and TPSS/SSS_sync_X and TSSB_measurement_period_X are TPSS/SSS_sync_inter and TSSB_measurement_period_inter for inter-frequency respectively.

Case 2: Known cell
In this case, CHO command is configured based on the measurement report from UE. That means the cell is already known to UE. Since the cell is already known and UE has been measuring the cell in the past and sent measurement reports, there is no need for PSS/SSS detection. Other components should be same as cell unknown case.  
Proposal 3: Define Tmeasure for known cell as Nuncertainity × (TSSB_measurement_period_X + Thigher_layer_processing) + TTTT. With Thigher_layer_processing close to zero. Where, TSSB_measurement_period_X is TSSB_measurement_period_intra for intrafrequency and TSSB_measurement_period_X is TSSB_measurement_period_inter for inter-frequency respectively.

Phase 2: HO execution
As shown in figure 1, HO execution delay can be represented as TRRC, 2 + Tsearch + TIU + Tprocessing + T∆ ms 
Where,
TRRC, 2: Since RRC reconfiguration delay for unconditional handover is 10ms [2], we can expect the same magnitude of delay for conditional handover also. Since TRRC, 1 is proposed as 2 ms, TRRC, 2 can be 8ms.
Tsearch is zero for both known and unknown cell, as UE already measured the target cell in measurement phase. 
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
Tprocessing is the UE processing time. It can be 20ms or 40 ms depending on same FR or inter FR CHO respectively.  
T∆ is time for fine time tracking and acquiring full timing information of the target cell. Since UE was measuring the cell in measurement phase, we can assume that UE have rough timing already. For fine timing, it may need one SSB, which can be first SSB after UE processing time completion (Tprocessing). Uncertainty in time required for first SSB can be represented as Tfirst_SSB and time required for processing the received SSB can be 2ms. Therefore, T∆ can be 2ms+ Tfirst_SSB
Proposal 4: HO execution delay is given as TRRC, 2 + TIU + Tprocessing + T∆ ms. Where 
· TRRC, 2 is 8ms
· TIU is summation of SSB to PRACH occasion period and 10ms
· Tprocessing  is be 20 ms for intra FR and 40 ms for inter FR HO
· T∆ is 2ms + Tfirst_SSB
  
1. Conclusion
In this contribution, we have discussed CHO delay requirements for NR mobility enhancements and made the following observations and proposals:
Proposal 1:  The delay required for CHO command RRC processing (TRRC, 1) is 2ms.
Proposal 2: Define Tmeasure for unknown cell as TPSS/SSS_sync_X + Nuncertainity × (TSSB_measurement_period_X + Thigher_layer_processing) + TTTT. With Thigher_layer_processing close to zero. Where, TPSS/SSS_sync_X and TSSB_measurement_period_X are TPSS/SSS_sync_intra and TSSB_measurement_period_intra for intrafrequency and TPSS/SSS_sync_X and TSSB_measurement_period_X are TPSS/SSS_sync_inter and TSSB_measurement_period_inter for inter-frequency respectively.

Proposal 3: Define Tmeasure for known cell as Nuncertainity × (TSSB_measurement_period_X + Thigher_layer_processing) + TTTT. With Thigher_layer_processing close to zero. Where, TSSB_measurement_period_X is TSSB_measurement_period_intra for intrafrequency and TSSB_measurement_period_X is TSSB_measurement_period_inter for inter-frequency respectively.

Proposal 4: HO execution delay is given as TRRC, 2 + TIU + Tprocessing + T∆ ms. Where,
· TRRC, 2 is 8ms
· TIU is summation of SSB to PRACH occasion period and 10ms
· Tprocessing  is 20 ms for intra FR and 40 ms for inter FR HO
· T∆  is 2ms + Tfirst_SSB
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