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1   Introduction
In RAN plenary #85 meeting, work item on performance enhancement for NR in high speed scenario was approved [1]. Enhancement to be discussed in core part is listed in the following:


[image: image1]
In this paper, we present analysis on the key RRM core requirements.
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]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	2.56 x N1 x M2 (8 x N1 x M2)
	0.32 x N1 x M2 (1 x N1 x M2)
	0.96 x N1 x M2 (3 x N1 x M2)

	0.64
	
	5
	5.12 x N1 (8 x N1)
	0.64 x N1 (1 x N1)
	1.92 x N1 (3 x N1)

	1.28
	
	4
	8.96 x N1 (7 x N1)
	1.28 x N1 (1 x N1)
	3.84 x N1 (3 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=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.
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 2: 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. Therefore, to ensure connectivity in HST with train speed 500km/h, gNB is expected to configure cDRX cycle within 320ms.
Proposal 2: In connected mode, gNB is expected to configure cDRX cycle within 320ms.
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 3: 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, but gNB is expected to configure higher layer parameter timeRestrictionForChannelMeasurement to have M=1.
2.4   EN-DC measurement requirement

In connected mode EN-DC PScell measurement should follow SA Pcell measurement enhancement. In idle mode, LTE HST doesn’t have enhancement for inter-RAT measurement, therefore NR HST should follow, no enhancement is needed.
Proposal 4: No enhancement is needed for EN-DC measurement requirement for HST.
3   Conclusion
Observation 1: NR HST measurement requirement in idle mode can reuse the scaling factors from LTE HST enhancement.
Proposal 1: NR HST Pcell measurement requirement in idle mode under 500km/h train speed is given in Table 2‑2.
Observation 2: In LTE cell identification time under train speed 500km/h is upper bounded by 8.96s. 
Proposal 2: In connected mode, gNB is expected to configure cDRX cycle within 320ms.

Observation 3: 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.
Proposal 4: No enhancement is needed for EN-DC measurement requirement for HST.
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Investigate and specify the following scenarios: 


NR SA single carrier scenario.


Study the EN-DC scenario considering the LTE HST performance.


The channel model: 


HST-SFN scenarios, i.e. multiple RRHs connecting to one BBU. The channel model for HST-SFN will be discussed in this WI.


HST single tap channel model 


Other channel models are not precluded


The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.


The carrier frequency is up to 3.6GHz covering both TDD and FDD.


The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity at 3.6GHz will be decided in this WI.


Investigate and specify the UE RRM core requirements for: 


Idle and inactive mode:


Cell reselection including cell identification and measurement requirements


Connected mode


Cell identification requirements


Measurement delay requirements


Study whether to introduce beam management related requirements, e.g. L1-RSRP measurement


Study the impact on RLM and UL timing.


If needed other requirements are not precluded. If needed, signalling impact should be discussed in RAN2.












