
3GPP TSG-RAN WG4 Meeting #93
R4-1913824
Reno, USA, 18th November – 22nd November, 2019
Agenda item:
9.17.1
Source: 
Qualcomm Incorporated

Title: 
On NR HST RRM Requirements
Document for:
Discussion

1   Introduction
In RAN4 #92bis 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
Observation 1: NR HST measurement requirement in idle mode can reuse the scaling factors from LTE HST enhancement.

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 > 20 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. 
Observation 2: 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 LTE, with the longest cDRX cycle of interest, 1.28s, the cell identification time under 350km/h speed is 10 cDRX cycle, or 12.8s, agreed in Rel-14 enhancement. For 500km/h speed with similar ISD, the cell identification time requirement is reduced to 8.96s, agreed in Rel-16. In NR, if 500km/h train speed is considered, we need cell identification time requirement to be in the same scale with LTE, to ensure connectivity in HST connected mode. 
Observation 3: In LTE cell identification time under train speed 500km/h is upper bounded by 8.96s. 
Since we consider single carrier only in NR Rel-16, CSSF = 1 for FR1 intra frequency without gap. Assume the SSB gap sharing factor Kp = 2, and consider cDRX cycle > SMTC and cDRX>20ms. We can derive cell identification time as a function of cDRX cycle:

For cDRX cycle <= 320ms

T_identify = 30* cDRX cycle
For cDRX cycle > 320ms

T_identify = 20* cDRX cycle

When cDRX cycle = 640ms, 20*640ms = 12.8s > 8.96s, the identification time is too long if train speed = 500km/h is considered. To ensure connectivity in HST with train speed 500km/h, gNB is expected to configure cDRX cycle within 320ms. Therefore, we propose that the measurement requirement in connected mode only applies when cDRX<=320ms. 
Note that the 1.5 factor in DRX cycle <= 320ms is important for UE to save power. When DRX cycle is short, without the 1.5 factor UE may have to stay on to wait for SSB measurement in large portion of the DRx off time, which defeat the purpose of configuring DRX. This concern is still valid for HST.
Observation 4: The 1.5 factor in DRX cycle <= 320ms is needed under HST scenario.
Proposal 2: In connected mode, intra-frequency measurement requirement only applies when cDRX cycle is within 320ms.
2.3   Beam management 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 5: 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 2‑5 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 2‑6 Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1
Proposal 3: Follow L1-RSRP measurement period in non-HST NR requirement in Table 2‑5 and Table 2‑6, the requirement only applies in HST scenario when higher layer parameter timeRestrictionForChannelMeasurement is configured, i.e., M=1.
2.4   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, as agreed in the simulation assumption [2]. The affect of frequency offset on measurement accuracy of RSRP and SINR is discussed in this section.
· RSRP measurement accuracy with frequency offset
We provide the simulation results of RSRP accuracy under propagation channel conditions agreed in last meeting, AWGN 2408Hz for 15kHz SCS and AWGN 3300Hz for 30kHz SCS. As comparison, we also list AWGN with no frequency offset results. We can observe that RSRP measurement accuracy under HST channels is very close to AWGN channel. Since the frequency offset is about 10-15% SCS in 15kHz and 30kHz SCS scenarios, if we consider filter as sinc function on frequency domain, the signal power loss UE experienced from such frequency offset is quite small, less than 0.5dB. 
	15kHz SCS
SNR(dB)\Channel
	AWGN
	AWGN 
2048Hz

	-6
	1.79
	1.58

	-7
	2.00
	1.80

	-8
	2.27
	2.08


Table 2‑7 RSRP error metric for 15kHz SCS
	30kHz SCS
SNR(dB)\Channel
	AWGN
	AWGN 
3300Hz

	-6
	1.77
	1.70

	-7
	1.97
	1.91

	-8
	2.24
	2.18


Table 2‑8  RSRP error metric for 30kHz SCS
Observation 6: Frequency offset considered in HST scenario has small impact on RSRP accuracy
Proposal 4: HST can reuse the RSRP accuracy requirement in non-HST case.
· 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.
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Figure 2‑3 SINR error metric lower limit
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2.5   RLM

The major difference between RLM in NR and LTE is the reference signal to use. In NR, the maximum SSB period is 160ms. However, in 160ms UE only travels 22m, and the signal power difference after 160ms is very small, especially when UE is away from RRH. When HST channel model is considered, the power difference after traveling for 160ms when distance to RRH is larger 400ms is smaller than 0.5dB. Therefore, in HST scenario, NR can follow LTE, no change is needed for RLM.
Proposal 6: No enhancement is needed for RLM.
2.6   Inter-RAT measurement requirement
During early stage NR deployment, EN-DC is expected in most of application scenarios, including HST. Inter-RAT measurement requirement before EN-DC needs to be enhanced to support better connectivity to NR in HST. We can observe that in 36.133 Table 4.2.2.5.6-1, inter-RAT measurement on NR follows the requirement of NR intra-frequency measurement with M2=1.5. Therefore, same enhancement from NR intra-frequency measurement can be applied to inter-RAT measurement on NR, as the table in the following
	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 x 1.5 (8 x 1.5)
	0.32 x 2 (1 x 2)
	0.96 x 2 (3 x 2)

	0.64
	5.12 (8)
	0.64 (1)
	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 2‑9 Inter-RAT measurement on NR before EN-DC
Proposal 7: Inter-RAT measurement on NR before EN-DC requirement is specified by Table 2‑9.

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. 
LTE inter-RAT measurement requirements in SA mode are specified in TS 38.133 9.4. For E-UTRAN FDD, the requirements when no DRX is used is
 TIdentify,E-UTRAN FDD=TBasicIdentify*480/TInter1 *CSSFinterRAT ms,
TBasicIdentify = 480 ms. CSSFinterRAT = 1 assuming that LTE HST is intra-frequency deployed. The candidate value of Tinter1 is {30, 60} according to the note 1 of Table 9.4.1-1 in TS 38.133. With Tinter1 of 60ms and train velocity of 500km/h, UE moves 534 meters in one measurement period of 3840ms, this distance is still within inter-cell distance. With Tinter1 of 30ms, however, UE moves 1068 meters in one measurement period, which may exceed the inter-cell distance of 700m. 
For TDD no DRX case, cell identification time is
-
When configuration 0 or configuration 1 in Table is applied,
TIdentify,E-UTRAN FDD=TBasicIdentify*480/TInter1 *CSSFinterRAT ms,
-
When configuration 2 or configuration 3 in Table is applied,

TIdentify,E-UTRAN FDD=TBasicIdentify*480/TInter1 *CSSFinterRAT +240* CSSFinterRAT ms,
	Configuration
	Measurement bandwidth [RB]
	Number of UL/DL sub-frames per half frame (5 ms)
	DwPTS


	TMeasure, E-UTRAN TDD [ms] 

	
	
	DL
	UL
	Normal CP
	Extended CP
	

	0
	6
	2
	2
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T

×
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20480

T

×


	480 x CSSFinterRAT

	1 (Note 1)
	50
	2
	2
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T
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	240 x CSSFinterRAT

	2
	6
	1
	3
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	720 x CSSFinterRAT

	3 (Note 1)
	50
	1
	3
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	480 x CSSFinterRAT

	NOTE 1:
This configuration is optional.

NOTE 2:
Void


Table 2‑10 TMeasure, E-UTRAN TDD for different configurations
Similar to FDD, when Tinter1=60ms, the travel distance in one measurement period is within inter-cell distance, however, when Tinter1=30ms, the travel distance in one measurement period is longer than inter-cell distance. 
Observation 8: In no DRx case, only with Tinter1=60ms (gap pattern 0), cell identification time can satisfy common ISD deployed in HST scenario.
Proposal 8: Inter-RAT measurement on LTE in NR SA mode only applicable to HST when Tinter1=60ms (gap pattern 0) is used.
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 2‑11 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. Therefore, we propose the following enhancement for identification time

	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 2‑12 Requirement to identify a newly detectable E-UTRAN cell in HST
Proposal 9: Inter-RAT cell identification for LTE in NR SA requirement is specified by Table 2‑12.
3   Conclusion
Observation 1: NR HST measurement requirement in idle mode can reuse the scaling factors from LTE HST enhancement.
Observation 2: 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.
Observation 3: In LTE cell identification time under train speed 500km/h is upper bounded by 8.96s. 
Observation 4: The 1.5 factor in DRX cycle <= 320ms is needed under HST scenario.

Proposal 2: In connected mode, intra-frequency measurement requirement only applies when cDRX cycle is within 320ms.

Observation 5: In HST fast channel variation is expected, hence higher layer parameter timeRestrictionForChannelMeasurement is needed to enable frequency L1-RSRP reporting.

Proposal 3: Follow L1-RSRP measurement period in non-HST NR requirement in Table 2‑5 and Table 2‑6, but gNB is expected to configure higher layer parameter timeRestrictionForChannelMeasurement to have M=1.
Observation 6: Frequency offset considered in HST scenario has small impact on RSRP accuracy

Proposal 4: HST can reuse the RSRP accuracy requirement in non-HST case.
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.
Proposal 6: No enhancement is needed for RLM.

Proposal 7: Inter-RAT measurement on NR before EN-DC requirement is specified by Table 2‑9.

Proposal 8: Inter-RAT measurement on LTE in NR SA mode only applicable to HST when Tinter1=60ms (gap pattern 0) is used.
Proposal 9: Inter-RAT cell identification for LTE in NR SA requirement is specified by Table 2‑12.
4   Reference
[1] R4-1912781 WF HST RRM
[2] R4-1912842 Link level simulation assumption on measurement accuracy in NR HST

