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Introduction
In last RAN4 meeting, regarding to HST UE RRM requirement, some remaining issues are listed below. [1]: 
· Whether additional note should be added for cell reselection requirements
a) “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”
· Whether to align the serving cell measurement requirements with the proposal for intra-frequency neighbour cell measurement
a) “for the measurement requirements for serving cell, M1=2 if SMTC periodicity (TSMTC) > 40 ms and DRX cycle ≤ 0.64 second”
· Whether additional note should be added for cell identification delay requirements for DRX case 
a) “Note x: Operation with scaling factor 1.5 may not be sufficient in all high speed deployments considered in this release of the specifications”
· Whether additional note should be added for applied DRX cycle in connected mode 
a) “Note x: 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”
· SS-SINR
a) Q1: Whether to specify SS-SINR requirement
i) Option 1: Specify SS-SINR requirement
ii) Option 2: SINR accuracy requirement is not applicable to HST scenario
b) Q2: If the answer to Q1 is Yes (Option 1), how to specify the SS-SINR requirements
i) Option 1: Specify SS-SINR accuracy requirement for SNR <= [11] dB
ii) Option 2: SINR accuracy requirement is not applicable to HST scenario when SNR > 5 dB
iii) Option 3: Reusing Rel-15 intra-frequency SS-SINR accuracy requirements as a baseline for HST, where the lower bound SNR = [-3dB] and the upper bound of SNR = minimum of the absolute SNR value for SCS = 15 kHz and 30 kHz based on simulation results
· NR- EUTRA Inter-RAT measurement
· Cell re-selection requirements on NR- EUTRA inter-RAT measurement in idle mode
· Option 1: The principle is that NR to EUTRA inter-RAT measurements follows the R16 EUTRA HST enhanced measurement requirements.
· Option 2: Provided by Qualcomm in [1]
· Option 3: Provided by Qualcomm in [1]
· Cell identification with DRX in CONNECTED mode 
· Option 1: Provided by Huawei in [1]
· Option 2: Provided by Mediatek, Qualcomm, CMCC, vivo in [1]
· EUTRA-NR Inter-RAT measurement 
· Cell re-selection requirements on EUTRA-NR inter-RAT measurement in idle mode
· Option 1: the cell re-selection requirements on EUTRA-NR inter-RAT measurement follow R16 HST NR cell re-selection requirements
· Option 2: provided by Qualcomm in [1]
· Option 3: provided by Huawei, Mediatek, CMCC in [1]
· Cell identification without DRX and cell identification with DRX in CONNECTED mode
· Option 1: provided by CMCC in [1].
· Option 2: provided by vivo in [1].

This contribution provides our views on these issues.
Discussion
On alignment of serving and neighbour requirements
In last meeting there was discussion on whether serving cell and neighbour cell requirement need to be aligned on the applicable SMTC periodicity of the tightened scaling factor. Currently the NR HST intra-frequency requirement is as follows in Table I. If the alignment is not done, it means when SMTC = 40ms and DRX cycle = 320ms, serving cell measurement is required to be done once per 2 DRX cycles, but neighbour cell measurement is required to be done once per 1 DRX cycle. In this case, neighbour cell is required to be measured more frequent than serving cell, which seems not reasonable.
Similar issue can be found for SMTC = 40ms and DRX cycle = 640ms, even if option 1 is adopted.
Based on above analysis, we are fine to align requirement. However we have different view in the way to align requirement. Currently the requirements in Table I were basically reused from LTE HST without checking the alignment issue. If alignment is needed, some revision in the value is provided in Table II below.
Table I. Cell re-selection requirements for NR HST based on [1] and [2]
	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
	[2.56 x M2 (8 x M2)]
	[0.32 x M3 (1 x M3)]
	[0.96 x M4 (3 x M4)]

	0.64
	[5.12 (8)]
	[0.64 (1)]
	[1.92 (3)]

	1.28
	[8.96 (7)]
	[1.28 (1)]
	[3.84 (3)]

	2.56
	[58.88 (23)]
	[2.56 (1)]
	[7.68 (3)]

	Note 1:	when SMTC < =40ms, M2=M3=M4=1; when SMTC >40ms, M2 = 1.5, M3 = M4 = 2



On the other hand, for R15 we see relaxation of serving cell requirements when SMTC = 40ms, which means degradation of mobility performance. For HST scenario we do not see strong motivation to configure SMTC = 40ms. Therefore, we still prefer option 1, but can compromise.
Proposal 1 Not to align serving cell and neighbour cell requirement for intra-frequency cell re-selection in NR HST.
Proposal 2 If the alignment needs to be done, Table II is acceptable as a compromise. 
Table II. Compromised proposal for cell re-selection requirements for NR HST
	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
	[2.56 x M2 (8 x M2)]
	[0.64 x M3 (2 x M3)]
	[0.96 x M4 (3 x M4)]

	0.64
	[5.12 (8)]
	[1.28 (2)]
	[1.92 (3)]

	1.28
	[8.96 (7)]
	[1.28 (1)]
	[3.84 (3)]

	2.56
	[58.88 (23)]
	[2.56 (1)]
	[7.68 (3)]

	Note 1:	when SMTC < =40ms, M2=M3=M4=1; when SMTC >40ms, M2 = M3 =1.5, M4 = 2



On additional notes
In our view, we are fine to add note if the necessity of the note can be justified. Regarding to the notes in all above 3 bullets, whether it is sufficient may depend on the realistic deployment, but not the assumption in RAN4 discussion. For example, the requirement here is based on a typical NR HST deployment assumption of RRH-distance=700m, but in realistic deployment the RRH-distance might be 300m. Companies who make such deployment may well understand what is the meaning behind these values. Therefore such note may not be needed. Moreover, regarding to the notes in the applicable DRX cycles, based on companies’ input, it is impossible to specify less than 3 samples for measurement requirement. From UE requirement point of view there is definitely no room to further tighten the requirements for DRX= 0.64s and DRX=1.28s. Therefore, we prefer NO to all three notes.
Proposal 3 No note is added to the HST requirements in TS 38.133.

SS-SINR
For SS-SINR measurement, the issue of SINR accuracy degradation in NR HST was identified [3][4]. Based on SS-SINR definition, inter carrier interference(ICI) caused by high Doppler shift may significantly degrade the SS-SINR performance. On the RRM impact, this issue has two aspects.
· For neighbour cell SS-SINR measurement, due to the opposite Doppler shift between serving cell SSS and neighbour cell SSS, the accuracy of neighbour cell SS-SINR would be significantly degraded by ICI. The higher neighbour cell SNR is, the larger error is observed in [3], if UE tracks Doppler shift of serving cell. In this case, for example, if an event-triggered measurement report config for handover is based on SS-SINR, then UE’s decision on sending MR or not is based on a pessimistic neighbour cell SS-SINR result, which may delay handover and results in further degradation.
· For serving cell SS-SINR measurement, no degradation is observed under one-tap HST model, but significant degradation can be found in 4-tap model in [3]. The result is also reasonable, since if HST-SFN joint transmission is considered, especially if the deployment scenario 1,3 described in [5] is considered, ‘intra-SSB’ ICI may exists. In this case, network may not get accurate SS-SINR measurement results from MR even if the actual SNR is high.
Based on above analysis, we have following observation.
Observation 1 Due to high Doppler shift in HST scenario, ICI exists, and its impact is on both serving cell and neighbour cell SS-SINR accuracy.
In previous meetings, some companies proposed to introduce SS-SINR accuracy requirement for SINR<x dB. In our view this is equivalent to set an upper bound ‘side condition’. In previous RAN4 requirements this is never done and we are not sure whether it is feasible for RAN5 to define test cases. Moreover, in our view HST scenario is considered as high SNR scenario, therefore setting requirement for SINR<x dB will make SS-SINR useless.
On the other hand, the SINR-metric for MR or handover is different from RSRP-metric, since the former reflects the link quality, but the later reflects the coverage. However, in our view, compared to SS-SINR, CSI-SINR is a much better choice for HST, since serving cell CSI-RS and neighbour cell CSI-RS can be different resources, and network configuration has enormous flexibility to eliminate ICI. Additionally, CSI-RS based RRM can cover the whole system BW while SSB cannot, hence can provide more information on link quality. The CSI-RS based RRM requirement will be finished in R16, and we see it more reasonable to discuss SINR-metric for HST scenario in R17.
Proposal 4 For SS-SINR requirement in HST, adopt option 1, i.e. SINR accuracy requirement is not applicable to HST scenario in R16. The issue can be left to R17.

Connected state inter-RAT measurement requirement
For CONNECTED UE in NR, since the gap configuration for inter-RAT E-UTRA measurement in NR is identical to that in LTE inter-frequency measurement, the LTE carrier can be simply regarded as one inter-frequency LTE measurement occurs in NR. In Rel. 15, the requirement of inter-RAT measurement was derived based on that for LTE inter-frequency requirement, with small modifications regarding to different measurement gap sharing notations between these two RATs. For NR HST, similar methodology can be considered.
In last meeting, for cell identification requirement two options were provided and we see the only different is for 640ms < DRX <= 1280ms. We are generally fine to either option. Recalling LTE HST intra-frequency cell identification requirements, for 640ms < DRX <= 1280ms it was already defined as 10 samples. Therefore, option 1 is slightly preferred in our view.
Table III Proposed NR-EUTRAN inter-RAT cell identification requirement in connected mode
	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

	 
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.16<DRx cycle<0.32
	Note1 (15)
	Note1 (15)

	0.32<= DRx cycle <= 1.28
	Note1 (10)
	Note1 (10)

	1.28< DRX-cycle ≤10.24
	Note1 (20)
	Note1 (20)

	NOTE 1:	The time depends on the DRX cycle length.


For NR-EUTRAN inter-RAT cell measurement requirement, since R15 requirement seems sufficient to deal with the high mobility in HST scenario, there is no strong motivation to enhance the requirement. 
Proposal 5 On NR-EUTRAN inter-RAT cell identification requirement in connected mode, slightly prefer option 1, i.e. adopt Table III. 
Proposal 6 On NR-EUTRAN inter-RAT cell measurement requirement in connected mode, R15 NR requirement can be reused for NR HST.

On the other hand, for CONNECTED UE in LTE, NR measurement should also be done in measurement gaps. Therefore, the UE behaviour for NR carrier measurement should be identical to an inter-frequency measurement in NR. As we can see in TS 36.133 Table 8.1.2.4.21.1.1-1 to Table 8.1.2.4.21.1.1-3, the inter-RAT measurement to NR has the same requirement to that in NR inter-frequency measurement. Therefore, the baseline for discussion should be NR inter-frequency RRM requirement.
In last meeting, NR HST intra-frequency cell measurement requirements were discussed and agreed. In previous meeting, it was also agreed not to enhance NR intra-frequency cell identification requirements for HST scenario. Therefore, for EUTRAN-NR inter-RAT requirements, it is also preferred not to enhance the cell identification requirement. For cell measurement requirement, since AGC re-tuning is a significant issue in NR, it is preferred to obtain inter-RAT requirements by counting AGC re-tuning issue based intra-frequency requirement.
Regarding 2 options in last meeting, in both option inter-RAT cell identification requirements for DRX>320ms are enhanced. That means the required minimum samples for inter-RAT cell identification is even less than intra-frequency case. From cell detection point of view we do not think this is feasible if UE is not required to wake-up during DRX-OFF or measure more than 1 sample per DRX cycle, even if AGC retuning is not considered. Therefore, as discussed in our paper in last meeting, we still prefer 8 samples for all DRX cycles in cell identification requirement. 
For cell measurement requirement, 4 samples for DRX >= 320ms is also not acceptable to us, since measurement may take at least 3 samples and AGC re-tuning need to be considered. As discussed in our previous paper, we prefer 6 samples for DRX>320ms and 7 samples for DRX=320ms. For simplification of the spec, we are fine to compromise to 6 samples for all DRX >= 320ms.
The proposed requirement can be found in Table IV.
Table IV. Proposed requirement for EUTRAN-NR inter-RAT requirement in connected mode
	Condition NOTE1,2
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  
	TSSB_time_index_intra

	No DRX
	max[600ms, 8  max(MGRP, SMTC period)]  Nfreq
	Max(200ms, 8  Max(MGRP, SMTC period))  Nfreq
	max[120ms, 3  max(MGRP, SMTC period)]  Nfreq

	DRX cycle < 320ms
	max[600ms, ceil(8  M)  max(MGRP, SMTC period, DRX cycle)]  Nfreq
	Max(200ms, Ceil(8  M)  Max(MGRP, SMTC period, DRX cycle))  Nfreq
	max[120ms, ceil(3  M)  max(MGRP, SMTC period, DRX cycle)]  Nfreq

	DRX cycle ≥ 320ms
	8  M  DRX cycle  Nfreq
	6  M  DRX cycle  Nfreq
	3  DRX cycle  Nfreq

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:   When SMTC < =40ms, M=1; when SMTC >40ms, M = 1.5


Proposal 7 On EUTRAN-NR inter-RAT requirement in connected mode, adopt Table IV.

Idle/inactive state inter-RAT requirements
For NR-EUTRAN cell re-selection, when NR cell quality get worse and there is no NR cell to reselect to, it is reasonable to perform inter-RAT reselection to LTE. Therefore, if the requirement for inter-RAT cell reselection is exactly the same as intra-frequency requirement, that means UE need to measure inter-RAT carriers as frequently as the intra-frequency carrier. However, in our view, inter-RAT reselection may only happen at the coverage edge between LTE and NR, which is much less frequent than intra-frequency reselection. Therefore, in this case, reduce idle UE power consumption is more important. Given above concern, option 1 is not acceptable for us.
Regarding to option 2 and option 3, the only difference is the cell detection requirement when DRX cycle=0.32. In general either option is fine for us. Note that the requirement should only be applied to the EUTRAN HST carrier, i.e. the carrier configured with [HighSpeedCarrierFlag-r16] in NR SIB5.
Proposal 8 On NR-EUTRAN inter-RAT cell reselection requirement, adopt option 2 or 3 in last meeting’s WF.
For EUTRA-NR inter-RAT cell re-selection, since LTE HST is usually deployed in a lower band, the coverage of EUTRAN should be better than NR. Therefore, in our view, UE is not necessary to meet re-selection requirement defined for NR intra-frequency reselection. Again, inter-RAT reselection may only happen at the coverage edge between LTE and NR. Therefore, option 1 is not acceptable to us. Table V summarized our proposal to this issue. Also note that the requirement should only applied to the NR HST carrier, i.e. the carrier configured with [HighSpeedCarrierFlag-r16] in LTE SIB24.
Table V Proposed requirement for EUTRAN-NR inter-RAT cell reselection requirement
	DRX cycle length [s]
	Tdetect,NR [s] (number of DRX cycles)
	Tmeasure,NR [s] (number of DRX cycles)
	Tevaluate,NR [s] (number of DRX cycles)

	
	
	
	

	0.32
	5.12 x M1 (16 x M1)
	0.64 x M1 (2 x M1 )
	0.96 x M2 (3 x M2)

	0.64
	7.68 (12)
	1.28 (2 )
	1.92(3)

	1.28
	12.8 (10)
	1.28 (1 )
	6.4(3)

	2.56
	58.88 
(23)
	2.56 (1)
	7.68(3)

	Note 1:	M1 = 1.5 and M2 = 2 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M1=M2=1.


Proposal 9 On EUTRAN-NR inter-RAT cell re-selection requirements, adopt Table V.

On UE features and early implementation
In LTE R14, HST requirements are defined and release independent to R13. In our view, for features without signalling impact, release independent is feasible. However, based on our understanding, early implementation is not the same as release independent. Recalling the reply LS from RAN2 in R14 [2], the message from RAN2 is “the features of performance enhancement for high speed scenario can be supported by Rel-13 UEs without Rel-13 specification change”. That means there is no RAN2 signaling impact if the early implementation is done. This requires that R13 UE supports such feature and is able to decode SIB information.
[bookmark: _GoBack]For HST-SFN JT in NR, since the feature was introduced in LTE, the feasibility of early implementation now depends on whether UE is able to decode R16 SIB and therefore it is up to RAN2 to decide.
Regarding to the UE features of NR HST RRM, this features is new compared to LTE, and important for potential HST deployments. We are fine to mandatory for this feature. However, the tighten of the RRM requirements impacts both physical layer and higher layer, and we are not sure if it is feasible for implementation in early NR R16. Therefore, we suppose it is better to be ‘mandatory with capability signalling’.
Similarly, we do not see the necessity of early implementation for these feature. One reason for early implementation in R13/R14 in our understanding, is that there is not many LTE R13 UEs in the market. But the situation is different for NR R15. At this very late stage of R15, we suggest to follow the regular procedure this time, i.e. no early implementation for the HST RRM features.
Proposal 10 NR HST RRM features should be ‘mandatory with capability signaling’, and no early implementation for HST RRM features is preferred.
Conclusion
In this paper, we provide our views on the remaining issues in NR HST. We provide the following proposals and observations:
Proposal 1 Not to align serving cell and neighbour cell requirement for intra-frequency cell re-selection in NR HST.
Proposal 2 If the alignment needs to be done, Table II is acceptable as a compromise. 
Table II. Compromised proposal for cell re-selection requirements for NR HST
	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
	[2.56 x M2 (8 x M2)]
	[0.64 x M3 (2 x M3)]
	[0.96 x M4 (3 x M4)]

	0.64
	[5.12 (8)]
	[1.28 (2)]
	[1.92 (3)]

	1.28
	[8.96 (7)]
	[1.28 (1)]
	[3.84 (3)]

	2.56
	[58.88 (23)]
	[2.56 (1)]
	[7.68 (3)]

	Note 1:	when SMTC < =40ms, M2=M3=M4=1; when SMTC >40ms, M2 = M3 =1.5, M4 = 2


Proposal 3 No note is added to the HST requirements in TS 38.133.
Observation 1 Due to high Doppler shift in HST scenario, ICI exists, and its impact is on both serving cell and neighbour cell SS-SINR accuracy.
Proposal 4 For SS-SINR requirement in HST, adopt option 1, i.e. SINR accuracy requirement is not applicable to HST scenario in R16. The issue can be left to R17.
Proposal 5 On NR-EUTRAN inter-RAT cell identification requirement in connected mode, slightly prefer option 1, i.e. adopt Table III. 
Table III Proposed NR-EUTRAN inter-RAT cell identification requirement in connected mode
	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

	 
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.16<DRx cycle<0.32
	Note1 (15)
	Note1 (15)

	0.32<= DRx cycle <= 1.28
	Note1 (10)
	Note1 (10)

	1.28< DRX-cycle ≤10.24
	Note1 (20)
	Note1 (20)

	NOTE 1:	The time depends on the DRX cycle length.


Proposal 6 On NR-EUTRAN inter-RAT cell measurement requirement in connected mode, R15 NR requirement can be reused for NR HST.
Proposal 7 On EUTRAN-NR inter-RAT requirement in connected mode, adopt Table IV.
Table IV. Proposed requirement for EUTRAN-NR inter-RAT requirement in connected mode
	Condition NOTE1,2
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  
	TSSB_time_index_intra

	No DRX
	max[600ms, 8  max(MGRP, SMTC period)]  Nfreq
	Max(200ms, 8  Max(MGRP, SMTC period))  Nfreq
	max[120ms, 3  max(MGRP, SMTC period)]  Nfreq

	DRX cycle < 320ms
	max[600ms, ceil(8  M)  max(MGRP, SMTC period, DRX cycle)]  Nfreq
	Max(200ms, Ceil(8  M)  Max(MGRP, SMTC period, DRX cycle))  Nfreq
	max[120ms, ceil(3  M)  max(MGRP, SMTC period, DRX cycle)]  Nfreq

	DRX cycle ≥ 320ms
	8  M  DRX cycle  Nfreq
	6  M  DRX cycle  Nfreq
	3  DRX cycle  Nfreq

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:   When SMTC < =40ms, M=1; when SMTC >40ms, M = 1.5


Proposal 8 On NR-EUTRAN inter-RAT cell reselection requirement, adopt option 2 or 3 in last meeting’s WF.
Proposal 9 On EUTRAN-NR inter-RAT cell re-selection requirements, adopt Table V.
Table V Proposed requirement for EUTRAN-NR inter-RAT cell reselection requirement
	DRX cycle length [s]
	Tdetect,NR [s] (number of DRX cycles)
	Tmeasure,NR [s] (number of DRX cycles)
	Tevaluate,NR [s] (number of DRX cycles)

	
	
	
	

	0.32
	5.12 x M1 (16 x M1)
	0.64 x M1 (2 x M1 )
	0.96 x M2 (3 x M2)

	0.64
	7.68 (12)
	1.28 (2 )
	1.92(3)

	1.28
	12.8 (10)
	1.28 (1 )
	6.4(3)

	2.56
	58.88 
(23)
	2.56 (1)
	7.68(3)

	Note 1:	M1 = 1.5 and M2 = 2 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M1=M2=1.


Proposal 10 NR HST RRM features should be ‘mandatory with capability signaling’, and no early implementation for HST RRM features is preferred.
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