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Introduction
In RAN4#94e, interRAT mobility for high speed was discussed with the conclusion in [1]. In this contribution we provide further views on the options in the way forward related to RRC connected mode.
Discussion
From the way forward, there are no remaining open issues for RRC connected mode non DRX operation. For DRX operation,  the key issues which can be identified from the WF are
· Whether to keep M2, M3, M4 for cell re-selection with DRX cycle =0.32s, and how to capture in specifications
· [bookmark: _Hlk36024989]Cell identification delay requirements for DRX case in connected mode
· Measurement delay for DRX cycle < 0.32s
· Measurement delay for DRX cycle ≥ 0.32s
· Applied DRX cycle in cell identification requirements for HST
Whether to keep M2, M3, M4 for cell re-selection with DRX cycle =0.32s
4 different options were considered
Option 1 (NOKIA): remove the factor without restriction on SMTC period
Option 2 (QC): when SMTC < 40, remove 1.5x scaling factor; when SMTC > =40, keep the scaling factor
Option 3 (CMCC, DCM, Apple, Samsung, Intel, QC, HW, CATT, MTK): when SMTC < =40, remove 1.5x scaling factor; when SMTC > 40, keep the scaling factor
Option 4 (Ericsson, QC): When SMTC < =40, remove M2, M3, M4; when SMTC >40, M2 = 1.5, M3 = M4 = 2. Adding notes in the requirements, e.g. “Note x : Operation with scaling factor M=1.5, M=2 may not be sufficient in all high speed deployments considered in this release of the specifications”.
Option 2 is somewhat similar from a scaling perspective to release 15; the SMTC threshold used is still 20ms and below for no scaling. Option 3 is similar to option 2, but uses a threshold of 40ms and below where no scaling is used. Option 4 is identical to option 3 but with the addition of a note that the requirements may be unsuitable.
Considering the similarities between the options, there are 3 fundamental issues to discuss
1. Should 1.5x scaling be removed for all SMTC periods?
2. If the answer to 1. is no, should the threshold be 20ms or 40ms for no M2,M3,M4 scaling
3. Is a note important for the cases where a scaling factor is used

1. Should 1.5x be removed for all SMTC periods?
The original reason for introduction of the 1.5x scaling factor in release 15 specifications was due to concerns on UE power consumption if the SMTC is misaligned with the UE DRX reception cycle. For example, with 320ms DRX cycle and 160ms SMTC period shifted by 80ms relative to the DRX on period, the UE may have to perform measurements 80ms after (or before) receiving PDCCH. This will cause increased power consumption compared with the case where PDCCH reception and intrafrequency measurement opportunity are close together.
The opinion related to option 1 was basically that the UE will not perform sufficiently with 320ms DRX cycle 1.5x scaling is applied. We agree with this viewpoint, but the reason we do not fully support option 1 is that our view is that the network and UE should be jointly responsible to ensure high speed operation. It is clear that some enhancement of requirements is needed to facilitate high speed operation, but at the same time it does not seem reasonable for the network to expect that the UE can provide the same performance with 160ms SMTC period as with 5ms SMTC period. Although we think it would be technically feasible to implement a UE which did not need 1.5x scaling factor for any SMTC periodicity and met enhanced rel16 requirements for high speed (i.e. option 1 is technically implementable), it does not seem that the network takes its part in providing sufficient reference symbols for the UE to be implemented in a reasonably power efficient way. Hence we propose
Proposal 1 : 1.5x scaling factor is retained for some SMTC periods
2. Should the threshold be 20ms or 40ms for no M2,M3,M4 scaling
20ms SMTC periodicity is the period assumed by UEs for initial sync, so we think that this will be a commonly used setting in NR. On the other hand, it is reasonable to expect a different trade-off between power versus performance for high speed operation, given that the use of 1.5 scaling factor probably results in insufficient UE performance, at least in demanding release 16 scenarios. Hence, we propose that the threshold should be increased for high speed operation from 20ms to 40ms. This can be viewed as a compromise between option 1 and option 2
Proposal 2 : When SMTC < 40, remove 1.5x scaling factor; when SMTC >= 40, retain 1.5x scaling factor
3. Is a note important for the cases where a scaling factor is used?
Basically, we expect that with 1.5x scaling factor and 320ms DRX cycle the resulting performance will be insufficient at least for 500km/h operation with 700m ISD. The situation is somewhat similar to requirements for 2.56s DRX cycle in LTE which were deemed to be insufficient even for 350km/h operation and were therefore not enhanced. In our view, there is a significant potential for misunderstanding in the NR specification that since the requirements appear within a table of enhanced requirements for high speed train, that it would be expected that the requirements are sufficient for all deployments. This is not quite the same situation as for the aforementioned LTE 2.56s DRX cycle, because in that case the requirement can be compared with the non-enhanced requirement and it can be seen that the requirement is not enhanced. In the case of NR, the requirement may be enhanced but still contain the 1.5x scaling factor which do not make it fully suitable in all cases. Hence, we think the note is important. Exact wording of the note may be discussed further.
Proposal 3 A note such as Note x : Operation with scaling factor 1.5 may not be sufficient in all high speed deployments considered in this release of the specifications should be added in NR high speed specifications.
Cell identification delay requirements for DRX case in connected mode
[bookmark: _Ref36025539]Measurement delay for DRX cycle < 0.32s
Although in the cell identification section of the WF, this discussion relates to measurement period which is relevant both for cell identification and measurement of already identified cells. In an earlier contribution, we have presented simulation results for measurement accuracy in HST; the observations are
Observation 1 : Compared with 5 measurement samples, 3 measurement samples gives only a minor degradation in both SS-RSRP and SS-RSRQ measurement accuracy in HST conditions (degradation of less than (-0.4,+0.25)dB in all cases
Observation 2 : In synchronous cases, a bias of approximately 0.75dB is observed
From our perspective, based on the results 3 samples is sufficient to provide necessary accuracy for DRX based measurements, and it would complicate both network and UE implementation to take a more dynamic approach. For example, on the network implementation side, other measurement parameters such as L3 filtering, time to trigger or thresholds might need to be retuned for different DRX cycle durations if the number of samples used in the UE is a function of DRX cycle duration. Hence, we support option 2 from the WF and propose
Proposal 4: 3 samples is used for measurement period for all DRX cycles <0.32s

Measurement delay for DRX cycle ≥ 0.32s
This discussion is very similar to that in section 2.2.1. Firstly, it is necessary to use the shortest possible measurement period at the longest supported DRX cycle, which we think based on our earlier results is 3 samples. Then as per section 2.2.1, the use of other sample numbers for shorter DRX cycles still ≥ 0.32s would simply complicate UE and network implementation even if it gave sufficient performance. Hence we propose
Proposal 4: 3 samples is used for measurement period for all DRX cycles ≥0.32s
Applied DRX cycle in cell identification requirements for HST
From the way forward, there is only one detailed proposal which was discussed in RAN4#94e
Option 1: for NR HST, enhanced requirements are considered for DRX cycle <= 1.28s, and no enhanced requirements are considered for DRX cycle = 2.56s Other options are not precluded
Other options are not precluded
The mobility requirements for NR HST are very demanding, since 700m ISD and 500km/h operation should be supported. In our analysis for interRAT mobility, we analyse that the time when an intrafrequency neighbor cell is better than -6dB Es/Iot may be 2.88s. Even neglecting cell detection, a 3 sample measurement period at 1.28s DRX cycle is already 3.84s. For this most demanding deployment case, due to the measurement period it will definitely not be possible to configure >1.28s DRX in RRC connected state, regardless of what UE enhancements are specified. Hence, at least option 1 is fully justified. The remaining question is whether enhanced requirements should be excluded for certain other DRX cycle periodicities like 1.28s or 0.64s.
The PSS/SSS sync time is 5 samples, and measurement period is proposed to be 3 samples under enhanced requirements. Applying  this with a 0.64s or 1.28s gives a reporting delay of at least 8 DRX cycles, which is significantly greater than 2.88s.  Considering that the requirement for measurement reporting does not give the complete picture on the delays in handover (time is needed for target cell preparation etc.) we think there is a strong likelihood of radio link failures with 0.64s or 1.28s DRX cycle. This is also in line with simulation results from other companies provided in [3] where it was seen that   “•	For longest DRX cycle failure rates are high even with low load.”. The simulations used 1000m ISD.
Since not all high speed deployments will operate with 500km/h speed, or shortest possible ISD, there is still value in enhancing the requirements for 0.64s and 1.28s DRX cycles, even though they cannot fully meet the worst case in release 16 high speed work. Hence we propose

Proposal 5 : for NR HST, enhanced requirements are considered for DRX cycle <= 1.28s, and no enhanced requirements are considered for DRX cycle = 2.56s
Proposal 6 : For requirements for NR HST with DRX cycles 0.64s and 1.28s, a note is added such as “Requirements with 0.64s and 1.28s DRX cycle may not be sufficient in all high speed deployments considered in this release of the specifications” should be added in NR high speed specifications”
Conclusions
In this contribution we analyse the way forward from RAN4#94e from an idle mode RRM perspective and identify main remaining open issues in high speed DRX based RRM requirements for RRC connected state. For these issues we propose:
Proposal 1 : 1.5x scaling factor is retained for some SMTC periods
Proposal 2 : When SMTC < 40, remove 1.5x scaling factor; when SMTC >= 40, retain 1.5x scaling factor
Proposal 3 A note such as Note x : Operation with scaling factor 1.5 may not be sufficient in all high speed deployments considered in this release of the specifications should be added in NR high speed specifications.
Proposal 4: 3 samples is used for measurement period for all DRX cycles <0.32s
Proposal 5 : for NR HST, enhanced requirements are considered for DRX cycle <= 1.28s, and no enhanced requirements are considered for DRX cycle = 2.56s
Proposal 6 : For requirements for NR HST with DRX cycles 0.64s and 1.28s, a note is added such as “Requirements with 0.64s and 1.28s DRX cycle may not be sufficient in all high speed deployments considered in this release of the specifications” should be added in NR high speed specifications
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