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1   Introduction
In RAN4 #94e meeting, the scope and requirement for HST RRM was discussed and a WF was approved [1]. In this contribution, we propose the enhancement needed following the agreed WF.
2   Discussion
We study and propose different RRM requirements in this section. Following LTE HST enhancement, for measurement requirement, we consider intra-band without gap cases, and focus on FR1. 
2.1   SA Pcell Idle mode measurement requirement enhancement
For FR1, we expect the RRH and ISD deployment to be similar to LTE. Given that the FR1 idle mode UE measurement requirement follows LTE idle mode UE measurement requirement, we can apply the same scaling factors from LTE HST enhancement to NR. The following table is the LTE requirement for train speed 500km/h, from 36.133.
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra [s] (number of DRX cycles)

	0.32
	2.56 (8)
	0.32(1)
	0.96(3)

	0.64
	5.12 (8)
	0.64 (1)
	1.96(3)

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

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


Table 2‑1 LTE HST Pcell idle mode measurement requirement under 500km/h train speed
Applying the LTE scaling factors to NR idle mode measurement requirement, we can derive the following table:
	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 M3 (3 x M3)

	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:
M2 = 1.5 and M3 = 2 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M2=M3=1.


Table 2‑2 Pcell idle mode measurement enhancement for NR HST under 500km/h train speed
Note that in LTE we did not enhance measurement requirement for DRX cycle > 1.28s, since we do not expect eNodeB to configure such long DRX cycle under high speed train scenario. The same expectation should apply to NR, gNB is not expected to configure DRX cycle >= 2.56s in high speed train scenario. 

Since the scaling factors for Tmeasurement and Tevaluate are odd numbers, to avoid UE waking up in the middle of DRx cycle for measurement, M2 is replaced by M3 in DRx cycle length = 0.32s for Tmeasurement and Tevaluate. M2 and M3 factors are necessary in HST with DRx cycle = 0.32s, since UE may stay on for a long time to measure SSB when SMTC period is long and reduce measurement frequency is needed in this case. Note that even with M2 and M3, cell detection time is still significantly shorter than longer DRx cycle cases. SMTC period threshold is set to 40ms: when SMTC <= 40ms, the relaxation factor is not needed. The release 15 threshold 20ms is better for UE, since on duration plus inactivity timer is usually close or larger than 20ms. However, given that in high speed, M2=M3=1 is preferred, SMTC <= 20ms is too restrictive according to feedback we got from the previous meeting. Therefore, we propose threshold of 40ms to reach a better tradeoff between performance and UE power consumption. 
Observation 1: DRx cycle = 0.32s still has much shorter cell detection time with M2 and M3 than longer DRx cycle cases.
Proposal 1: NR HST Pcell measurement requirement in idle mode under 500km/h train speed is given in Table 2‑2.
2.2   SA Pcell connected mode measurement
NR connected mode measurement requirement is slightly different than LTE counterpart. In FR1, the cell identification time without SSB time index is
Tidentify_intra_without_index = TPSS/SSS_sync_intra + T SSB_measurement_period_intra  ms
TPSS/SSS_sync_intra and T SSB_measurement_period_intra for FR1 are listed in the following tables.
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Table 2‑3 Time period for PSS/SSS detection
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	ma(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Table 2‑4 Measurement period for intrafrequency measurements without gaps
In [2], an analysis framework for how to support HST measurement under different ISDs are provided. However, the analysis provided is too pessimistic due to the following assumptions:
(1) Ideal handover happens at the midpoint of two cells
(2) All the 5 samples collected/accumulated in PSS/SSS detection have SNR >=-6dB
We propose the following assumptions, which is more common in practice, to replace the above two assumptions:
(1) If hysteresis is considered, handover happens after passing midpoint of two cells
(2) UE collects/accumulates 5 samples to detect PSS/SSS. Theoretically if the average SNR of these 5 samples exceed -6dB, UE can detect the neighbour cell. 
We perform the analysis based on the two new assumptions. Let the hysteresis to source cell in A3 handover event to be 5dB, that is, handover is performed when if RSRPtarget> RSRPsource+5dB. In handover scenario, single tap HST model should be considered, in which the PDSCH decoding performance is close to AWGN, hence UE can decode low MCS messages under -5dB SNR with a few Tx attempts with high probability. Let the distance between source cell and train be d1 when the handover condition is first satisfied. We have

-20log(d1)+20log(ISD-d1) = -5
Then we have 

d1 = ISD/(1+10^(-3/20))

UE needs to detect the target cell and collect measurement in one measurement period before handover. Let the location where UE detect target cell be d0, and assume measurement period is x DRx cycles, we have

d0 = d1- (x*M-1)*DRx cycle*speed,
where speed = 500/3.6 m/s, M is the relaxation factor replacing 1.5 in the original requirement, and assume the last measurement is taken at d1. Then the locations where the y samples of PSS/SSS collected to perform the detection are

d-i = d0- i*DRx cycle*speed*M, where i = 1 to y
Then we can calculate the average SNR of the y samples of PSS/SSS by 

SNR_i = -20*(-log(d-i)+log(ISD- d-i)) (dB)

Averge_power(dB) = 10*log(sum_{i}(10^(SNR_i/10)))-10*log(y)
By the above analysis, we derive the following feasible set of parameters:
(1) With DRx cycle <= 160ms, ISD = 700ms, x = y = 5, M = 1, the average SNR for PSS/SSS detection >= -1.5dB
(2) With DRx cycle = 256ms, ISD = 700ms, x = 5, y = 4, M =1, the average SNR for PSS/SSS detection = -5.3dB
(3) With DRx cycle = 320ms, ISD = 800ms, x = 5, y = 4, M = 1, the average SNR for PSS/SSS detection = -6.2dB
These parameter sets are feasible since PSS/SSS detection samples have SNR >= -6dB
Observation 3: The following parameter combinations are feasible for cell identification in connected mode:
(1) With DRx cycle <= 160ms, ISD = 700ms, x = y = 5, M = 1
(2) With DRx cycle = 256ms, ISD = 700ms, x = 5, y = 4, M =1,
(3) With DRx cycle <= 320ms, ISD = 810ms, x = 5, y = 4, M = 1
With DRx cycle > 320ms, e.g. DRx cycle = 640ms, even both x and y are reduced to 4 DRx cycles and M = 1, we need ISD>1400m to achieve average SNR >= -6dB. Therefore, original measurement time of 5 DRx cycle > 320ms is not feasible in HST scenarios. If SMTC is reduced to <= 40ms, by slightly extending on duration, UE can measure more samples per DRx cycle and achieve the same performance with shorter measurement time (in terms of DRx cycle). For HST scenario, it is reasonable to compromise to slightly higher power consumption to ensure system performance.
Observation 4: DRx cycle > 320ms is not feasible in HST scenarios under connected mode. If SMTC is small enough for UE to take multiple measurement in one DRx cycle, measurement time can be reduced to 3 DRx cycle when DRx cycle > 320ms.
According to analysis above, with relaxation factor of M=1.5 (when SMTC>40ms), the measurement might not be fast enough to ensure the connectivity in the worst-case scenario, with speed 500km/h and ISD = 700m. In such scenario, SMTC <= 40ms is preferred configuration, to ensure connectivity. However, the enhancement for SMTC>40ms cases is still useful for high speed train scenarios other than the extreme case of 500km/h speed and ISD = 700m. In other words, if ISD is larger than 700m or speed is slower than 500km/h, SMTC>40ms is a valid configuration to maintain the connectivity, and having such HST requirement provides the flexibility for operators and infrastructure vendors to configure the appropriate settings for different deployment scenarios.

Observation 5: Connectivity might be affected in the worst-case scenario with 500km/h and ISD = 700m when M = 1.5. However, if ISD is larger than 700m or speed is slower than 500km/h, M=1.5 is a feasible configuration to maintain the connectivity.
According to observation 3-5, we propose the following enhancement for connected mode:
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:  M=1.5 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M=1.


Table 2‑5 PSS/SSS detection time requirement for HST
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle <= 160ms
	ma(200ms, ceil(Mx 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	160ms < DRX cycle <= 320ms
	ma(200ms, ceil(Mx 4 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( M x 3 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:  M=1.5 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M=1.


Table 2‑6 Measurement period requirement for HST
Proposal 2: In connected mode, intra-frequency measurement requirement is specified in Table 2‑5 and Table 2‑6. 
2.3   L1-RSRP measurement requirement
In connected mode, L1-RSRP measurement should follow cell identification time applicability rule discussed in the previous section: gNB is expected to configure cDRX cycle within 320ms. Since Doppler spread can be very large in HST scenario, fast channel variation in time domain is expected, and frequent reporting is needed. Therefore, gNB is expected to configure higher layer parameter timeRestrictionForChannelMeasurement to have M=1 in the reporting requirement for SSB and CSI-RS.
Observation 6: In HST fast channel variation is expected, hence higher layer parameter timeRestrictionForChannelMeasurement is needed to enable frequency L1-RSRP reporting.

	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


Table 2‑7 Measurement period TL1-RSRP_Measurement_Period_SSB for FR1
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:
TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.

Note 2:
the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.


Table 2‑8 Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1
Both SSB and CSI-RS based L1 RSRP measurement period has relaxation factor of 1.5 when DRx cycle <= 320ms. As explained in previous section, this relaxation factor is needed for UE power saving when reference/synchronization signal period is large and DRx cycle is short. To enable faster measurement in high speed scenario, it is recommended for network to configure shorter reference/synchronization signal period, then this relaxation factor can be removed. Therefore, we propose to replace relaxation factor of 1.5 by M1, where M1 = 1.5 if SMTC > 40ms, otherwise M1 = 1.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(M1*M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note1:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note2:       M1 = 1.5 if SMTC >40ms, otherwise M1 = 1


Table 2‑9 Measurement period TL1-RSRP_Measurement_Period_SSB for FR1 when HST is configured
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(M1*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:
TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.

Note 2:
the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:      M1 = 1.5 if SMTC >40ms, otherwise M1 = 1


Table 2‑10 Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1 when HST is configured
Proposal 3: Follow L1-RSRP measurement period in non-HST NR requirement in Table 2‑9 and Table 2‑10, the requirement only applies in HST scenario when higher layer parameter timeRestrictionForChannelMeasurement is configured, i.e., M=1.
2.4   RLM and BFD
The purpose of RLM and BFD/CBD measurement requirements is to maintain the connectivity by periodically measuring and reporting the link quality and detect the link/beam failure events to help recovering the link. From this perspective, there is a significant difference between high speed train scenario and ordinary mobile communication scenarios. On high speed train, the UEs location change is dominated by train movement. Train travels along the track in one direction and can’t make arbitrary turns. The base station deployment is based on the track routes. Hence this is a well-planned deployment scenario with known UE movement. In this special case, aggressive enhancement of radio link/beam monitoring doesn’t help too much, and such enhancement may harm the system when UE often reports RLM or BFD due to temporary signal blocking by tunnel or hill. Therefore, no enhancement is needed for RLM and BFD/CBD measurement requirements.
Proposal 4: RLM, BFD and CBD measurement follows Rel-15 requirements.
2.5   Measurement accuracy with center frequency offset
In HST scenario, UE is likely operating in the scenario in which it is moving away from serving cell and approaching neighboring cell when measurement is performed. Since UE is tracking Doppler shift from serving cell, when it measures neighboring cell, there is a frequency offset of twice Doppler shift due to train speed. The effect of frequency offset on measurement accuracy of SINR is discussed in this section.
· SINR measurement accuracy with frequency offset
Unlike RSRP measurement accuracy, frequency offset can have significant impact on SINR measurement accuracy. We present the theoretical analysis below.

Assume reference symbol is extracted by a perfect sampling function in time domain, as shown in Figure 2‑1. In frequency domain, it becomes a sinc function (Figure 2‑2). With frequency offset = 0, we have
Sinc(k) = 0 for integer k, except sinc(0) = 1

Therefore, the measurement is free of ICI when frequency offset = 0 and subcarriers are falling on the zeros of sinc function except the subcarrier of interest (green lines in Figure 2‑2).
However, when large frequency offset is presented in the system, the interring subcarriers are falling on the non-zero points of sinc function, as red lines in Figure 2‑2. ICI is then introduced, and SINR measurement is degraded significantly by the frequency offset.
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Figure 2‑1 Time domain sampling function
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Figure 2‑2 Sinc function in frequency domain and subcarriers


By taking the ICI introduced by frequency offset into consideration, we plot the lower limit of SINR error metric UE can achieved with CFO for SCS = 15,30kHz in Figure 2‑3. We can observe from the figures that for SNR > 5dB, SINR error metric lower bound increases rapidly as SNR increases. In this SNR region, SINR is no longer a reliable indicator of signal quality or UE performance, since it’s accuracy can change a lot with a small change in SNR. Therefore, SINR accuracy requirement shall not apply to HST scenario.

Observation 7: Frequency offset considered in HST has significant impact on SINR measurement, especially in high SNR region.

Proposal 5: SINR accuracy requirement is not applicable to HST scenario when SNR > 5dB.


	[image: image3.emf]-10 -5 0 5 10 15 20 25

SNR

0

2

4

6

8

10

12

14

L

o

w

e

r

 

l

i

m

i

t

 

o

f

 

S

I

N

R

 

e

r

r

o

r

 

m

e

t

r

i

c

15kHz SCS, CFO = 2.5kHz


Figure 2‑3 SINR error metric lower limit
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2.6   Inter-RAT measurement requirement
· UE in NR SA mode, measure LTE
In SA scenario, during early stage NR deployment, we also expect switch to LTE quite often, therefore inter-RAT measurement to measure LTE in NR SA needs to be revisited, as agreed in [1]. 
Idle mode

NR SA mode requires complete core network support, therefore we expect dense NR deployment in the region where NR SA mode is used. However, high speed train is a long-distance transportation system, when train goes across different regions, inter-RAT measurement enhancement is still required. Since inter-RAT handover most likely happens when train enters different regions, we also expect this event to happen much less frequent than intra-frequency neighboring cell handover. Another factor we need to consider is power consumption, inter-RAT measurement consumes more power than intra-frequency measurement. Therefore, we understand that the enhancement is needed, however, UE doesn’t have to run measurement as faster as intra-frequency HST measurement, since inter-RAT consumes more power but has less impact on system performance. We use the following methodology to derive inter-RAT measurement requirement:
In the RAN4#94e meeting, our proposal was derived by 

(1) Comparing LTE to WCDMA Inter-RAT non-HST requirement and LTE non-HST intra-frequency requirement to derive the necessary factors to scale Inter-RAT measurement from intra-frequency measurement

(2) Applying the scaling factor to derive the NR to LTE Inter-RAT measurement requirement from LTE HST intra-frequency measurement requirement, at the same time ensure the following principles are satisfied:
1. T_detect in Inter-RAT is 3/2/1 times of T_detect in intra-frequency for DRx cycle 320/640/1280ms
2. T_measurement in inter-RAT is 4 times of T_measurement in intra-frequency 

3. T_evaluate in inter-RAT is 3 times of T_evaluate in intra-frequency

Following the above procedure, the Inter-RAT E-UTRAN measurement requirement is derived based on intra-frequency measurement enhancement for HST, at the same time guarantee that inter-RAT E-UTRAN measurement in HST is much faster than inter-RAT E-UTRAN measurement in non-HST.

	DRX cycle length [s]
	TdetectEUTRA_FDD [s] (number of DRX cycles)
	TmeasureEUTRA_FDD [s] (number of DRX cycles)
	TevaluateEUTRA_FDD

[s] (number of DRX cycles)

	0.32
	7.68 (24)
	1.28 (4)
	1.6(5)

	0.64
	12.8 (16)
	1.28 (2)
	1.92 (3)

	1.28
	12.8(10)
	1.28 (1)
	3.84 (3)

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 2‑11 Inter-RAT cell identification for LTE in NR SA requirement
In previous meeting, many companies still want to maintain the mobility performance in Inter-RAT scenario for idle mode as intra-frequency scenario. As we explained, this is not a reasonable approach from balancing power consumption and network performance perspective. However, to reach an agreement on this, we propose the following compromised version:
The bottleneck for system performance is when longest DRx cycle is used. Hence, we can compromise to use intra-frequency requirement in 1.28s DRx cycle for inter-RAT, and scaling the rest of DRx cycle options accordingly
	DRX cycle length [s]
	TdetectEUTRA_FDD [s] (number of DRX cycles)
	TmeasureEUTRA_FDD [s] (number of DRX cycles)
	TevaluateEUTRA_FDD

[s] (number of DRX cycles)

	0.32
	 5.76(18)
	0.64 (2)
	0.96(3)

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

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

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 2‑12 New proposal for Inter-RAT cell identification for LTE in NR SA requirement
Proposal 6: Inter-RAT cell identification for LTE in NR SA requirement is specified by Table 2‑12. 
Connected mode

LTE inter-RAT measurement requirements in SA mode are specified in TS 38.133 9.4. In previous meeting, non-DRx case is agreed to follow Rel-15 requirement.
When DRx cycle is configured, non-HST requirement from 38.133 is listed below

	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

	0.256
	5.12*K (20*CSSFinterRAT)
	7.68*K (30*CSSFinterRAT)

	0.32
	6.4*K (20*CSSFinterRAT)
	7.68*K (24*CSSFinterRAT)

	0.32< DRX-cycle ≤10.24
	Note1 (20*CSSFinterRAT)
	Note1 (20*CSSFinterRAT)

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

NOTE 2:
 CSSFinterRAT is as defined in clause 9.4.3.2.


Table 2‑13 Requirement to identify a newly detectable E-UTRAN cell
Following our proposal for connected mode measurement procedure, the requirement is applied to HST scenario only when DRx cycle <= 0.32s. For DRx cycle = 0.256s and 0.32s cases, we analyze in the following:

· DRx cycle = 0.256s: under 500km/h, train travels 138m per second. In 15 DRx cycles, distance traveld is about 530m, which is smaller than typical ISD = 700ms
· DRx cycle = 0.32s: under 500km/h, train travels 138m per second. In 15 DRx cycles, distance traveld is about 660m, which is smaller than typical ISD = 700ms

From the above analysis, we found that identification time of 15 DRx cycles is suitable for HST with train speed up to 500km/h and DRx cycle up to 0.32s. For DRx cycle >0.32s, there are proposals supported by corrected analysis in RAN4#94e meeting, we integrate these proposals in the following table:
	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 <= 0.64
	Note1 (10)
	Note1 (10)

	0.64 < DRx cycle <= 1.28
	Note1 (8)
	Note1 (8)

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

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

NOTE 2:
The requirement only applicable to CSSFinterRAT = 1 case


Table 2‑14 Requirement to identify a newly detectable E-UTRAN cell in HST
Proposal 7: Inter-RAT cell identification for LTE in NR SA requirement is specified by Table 2‑14.
· UE in LTE before EN-DC

During early stage NR deployment, EN-DC is expected in most of application scenarios, including HST. In the following, we discuss the Inter-RAT measurement on NR requirement before EN-DC.
Idle mode
In idle mode, UE is not transmitting, discover NR cell faster before EN-DC doesn’t provide significant performance improvement. Connection is still maintained by LTE. Although in RAN#94e, many companies proposed to follow NR intra-frequency HST requirement discussed in this WI, technical argument is not provided against our concern that following intra-frequency HST requirement in idle mode may burn much power in measurement with very little performance gain, due to the fact that UE is not transmitting data on NR before EN-DC and connection is still maintained by LTE. We suggest to start a discussion on (1) how much network performance gain can be achieved by enhancing inter-RAT measurement on NR before EN-DC, when compared to intra-frequency enhancement (2) how much power saving can be achieved by using slower measurement than intra-frequency for inter-RAT measurement on NR before EN-DC.

From our analysis, the network performance gain is much smaller than enhancing intra-frequency measurement while the power consumption is much larger due to the nature of inter-RAT search. However, in previous meeting, many companies are supporting simply follow idle mode requirement. To reach agreement, we propose the following compromised proposal:

	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
	6.4 x 1.5 (20 x 1.5)
	1.28 x 1.5 (4 x 1.5 )
	0.96 x 1.5 (3 x 1.5)
	 

	0.64
	10.24 (16)
	1.28 (2 )
	1.92(3)
	 

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

	2.56
	58.88 x N1

(23 x N1)
	2.56 (1)
	7.68(3)
	 


Table 2‑15 Cell re-selection requirements on EUTRA-NR inter-RAT in idle mode
We are open to the discussion of enhancement, but we believe the above discussion is needed to determine the requirement enhancement, instead of simply following intra-frequency requirement.
Proposal 8: Cell re-selection requirements on EUTRA-NR inter-RAT in idle mode follows Table 2‑15.
Connected mode
As explained in previous sections, inter-RAT measurement has much smaller system performance impact, hence we believe that to achieve better power-performance trade-off, in connected mode, EUTRA-NR inter-RAT measurement before EN-DC should be slower than intra-frequency measurement. Compared to idle mode, adding PSCell faster may provide slightly more performance gain, hence we can consider faster measurement for long DRx cycle cases, which is the bottleneck of system performance. The enhancement methodology we proposed for NR intra-frequency connected mode measurement can be applied here, with the same relaxation factor conditioned on SMTC length. We propose the following measurement requirement
	Condition NOTE1,2
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  
	TSSB_time_index_intra

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

	DRX cycle ≤ 320ms
	max[600ms, ceil([8]xM) x max(MGRP, SMTC period, DRX cycle)]
	Max(200ms, Ceil(8 ( M) ( Max(MGRP, SMTC period, DRX cycle)) ( CSSFinter
	max[120ms, ceil([3] x M) x max(MGRP, SMTC period, DRX cycle)] 

	DRX cycle > 320ms
	4xM x DRX cycle 
	4xM ( DRX cycle ( CSSFinter
	[3] x DRX cycle 

	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


Table 2‑16 Cell re-selection requirements on EUTRA-NR inter-RAT in connected mode
Proposal 9: Cell re-selection requirements on EUTRA-NR inter-RAT in connected mode follows Table 2‑16.
2.7   Inter-frequency measurement

Since inter-frequency handover is more preferred than inter-RAT handover, inter-frequency measurement should run faster than inter-RAT frequency. However, from the proposals discussed in the previous meeting, with HST enhancement, inter-RAT measurement runs faster than inter-frequency measurement. To avoid UE hopping between RATs, we propose to align NR inter-frequency measurement requirement to inter-RAT measurement requirement in NR SA mode. 
Proposal 10: Align NR inter-frequency measurement requirement to inter-RAT measurement requirement in NR SA mode.

3   Conclusion
Proposal 1: NR HST Pcell measurement requirement in idle mode under 500km/h train speed is given in the table below.
	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 M3 (3 x M3)

	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:
M2 = 1.5 and M3 = 2 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M2=M3=1.


Table 3‑1 Pcell idle mode measurement enhancement for NR HST under 500km/h train speed

Observation 5: Connectivity might be affected in the worst-case scenario with 500km/h and ISD = 700m when M = 1.5. However, if ISD is larger than 700m or speed is slower than 500km/h, M=1.5 is a feasible configuration to maintain the connectivity.
Proposal 2: In connected mode, intra-frequency measurement requirement is specified in tables below. 

	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:  M=1.5 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M=1.


Table 3‑2 PSS/SSS detection time requirement for HST
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle < 320ms
	ma(200ms, ceil(Mx 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle= 320ms
	ma(200ms, ceil(Mx 4 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:  M=1.5 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M=1.


Table 3‑3 Measurement period requirement for HST
Proposal 3: Follow L1-RSRP measurement period in non-HST NR requirement in tables below, the requirement only applies in HST scenario when higher layer parameter timeRestrictionForChannelMeasurement is configured, i.e., M=1.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(M1*M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note1:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note2:       M1 = 1.5 if SMTC > 40ms, otherwise M1 = 1


Table 3‑4 Measurement period TL1-RSRP_Measurement_Period_SSB for FR1 when HST is configured
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(M1*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:
TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.

Note 2:
the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:      M1 = 1.5 if SMTC > 40ms, otherwise M1 = 1


Table 3‑5 Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1 when HST is configured
Proposal 4: RLM, BFD and CBD measurement follows Rel-15 requirements.
Proposal 5: SINR accuracy requirement is not applicable to HST scenario when SNR > 5dB.
Proposal 6: Inter-RAT cell identification for LTE in NR SA requirement is specified by the table below. 
	DRX cycle length [s]
	TdetectEUTRA_FDD [s] (number of DRX cycles)
	TmeasureEUTRA_FDD [s] (number of DRX cycles)
	TevaluateEUTRA_FDD

[s] (number of DRX cycles)

	0.32
	 5.76(18)
	0.64 (2)
	0.96(3)

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

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

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 3‑6 Inter-RAT cell identification for LTE in NR SA requirement
Proposal 7: Inter-RAT cell identification for LTE in NR SA requirement is specified by the table below.
	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 <= 0.64
	Note1 (10)
	Note1 (10)

	0.64 < DRx cycle <= 1.28
	Note1 (8)
	Note1 (8)

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

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

NOTE 2:
The requirement only applicable to CSSFinterRAT = 1 case


Table 3‑7 Requirement to identify a newly detectable E-UTRAN cell in HST

Proposal 8: Cell re-selection requirements on EUTRA-NR inter-RAT in idle mode follows the table below.
	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
	6.4 x 1.5 (20 x 1.5)
	1.28 x 1.5 (4 x 1.5 )
	0.96 x 1.5 (3 x 1.5)
	 

	0.64
	10.24 (16)
	1.28 (2 )
	1.92(3)
	 

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

	2.56
	58.88 x N1

(23 x N1)
	2.56 (1)
	7.68(3)
	 


Table 3‑8 Cell re-selection requirements on EUTRA-NR inter-RAT in idle mode
Proposal 9: Cell re-selection requirements on EUTRA-NR inter-RAT in connected mode follows the table below.
	Condition NOTE1,2
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  
	TSSB_time_index_intra

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

	DRX cycle ≤ 320ms
	max[600ms, ceil([8]xM) x max(MGRP, SMTC period, DRX cycle)]
	Max(200ms, Ceil(8 ( M) ( Max(MGRP, SMTC period, DRX cycle)) ( CSSFinter
	max[120ms, ceil([3] x M) x max(MGRP, SMTC period, DRX cycle)] 

	DRX cycle > 320ms
	4xM x DRX cycle 
	4xM ( DRX cycle ( CSSFinter
	[3] x DRX cycle 

	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


Table 3‑9 Cell re-selection requirements on EUTRA-NR inter-RAT in connected mode
Proposal 10: Align NR inter-frequency measurement requirement to inter-RAT measurement requirement in NR SA mode.
4   Reference
[1] R4-2002253 WF HST RRM
[2] R4-1914638

