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1. Introduction

In the RAN #84 meeting, the WI on NR support for high speed train scenario was approved [1]. This contribution provides further discussion on the RRM part.
2. Discussion 
2.1 Deployment scenario

For NR high speed scenario, the similar deployment as LTE is in use: multiple RRHs are connected to one BBU with fiber. The operating carrier frequency in NR HST is higher compared with LTE HST, which could be up to 3.6 GHz. With the higher carrier frequency, the cell coverage will be smaller. According to the practical deployment, the typical value of distance between RRH is about 700 meters. 

Observation 1: HST-SFN deployment is in use for NR HST. With the higher carrier frequency, the cell coverage is smaller. And the typical value of distance between RRH is about 700 meters.

For the DL beams transmitted per RRH, there are 4 possible scenario.

Scenario 1: only one DL beam is transmitted per RRH, and the SSB index is same. This scenario is similar as that of LTE HST deployment.
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Figure 1 only one DL beam is transmitted per RRH, and the SSB index is same
Scenario 2: compared with scenario 1, the difference is that the SSB index of two adjacent RRH is different. In this case, UE could identify SSB from different RRH.
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Figure 2 only one DL beam is transmitted per RRH, and SSB index of two adjacent RRH is different
Scenario 3: two DL beams are transmitted per RRH, and the SSB index of two adjacent RRH is same. The reason to transmit SSB 2, as shown in Figure 3, it to improve the signal quality in the region near the gNB.

[image: image3.png]



Figure 3 two DL beams are transmitted per RRH, and the SSB index of two adjacent RRH is same
Scenario 4: compared with scenario 3, the difference is that the SSB index of two adjacent RRH is different, as shown in Figure 4.
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Figure 4 two DL beams are transmitted per RRH, and the SSB index of two adjacent RRH is different
According to the possible deployment as above, the number of DL beams is 1 or 2. So the number of DL beams could be up to 2 per RRH.

Observation 2: according to the possible NR HST deployment, the number of DL beams is up to 2 per RRH.
From RRM requirements point of view, the number of DL beams has no impact on the delay requirements (e.g. cell re-selection requirements, cell identification requirements), since these requirements are per-cell level requirements. But for beam management, the number of DL beams may need to be considered. 

Observation 3: since the cell re-selection requirements and cell identification requirements are per-cell level requirements, the number of DL beams have no impact on the cell re-selection requirements and cell identification requirements
2.2 Cell re-selection
It was agreed that the intra-frequency cell reselection requirements need to be enhanced to support high speed scenario, but how to enhance is FFS [1]. In Rel-15, the cell re-selection requirements of intra-frequency NR cells are defined in TS 38.133, which is duplicated in Table1 for convenience. For SMTC periodicity <= 20 ms and SMTC periodicity > 20 ms with DRX cycle > 320 ms , these cases are similar as LTE HST except the distance between RRH (inter-RRH distance is 700 meters for NR HST). Table 2 is the cell reselection requirements specified in Rel-16 LTE HST WI for the target speed of 500km/h. For DRX cycle of 0.32s, Tdetect of 8 DRX cycle is OK for NR high speed scenario. While for DRX cycle larger than 0.32s, since the cell coverage is smaller for NR, further enhancement may be needed. Same situation exists for SMTC periodicity > 20 ms. However, reducing the number of DRX cycles used for measurement will have impact on UE power assumption. Taking above consideration into account, as a compromise, the RRM requirements specified in Rel-16 LTE HST WI can be reused for NR HST scenario.
Table 1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra （specified in TS38.133 4.2.2.3）
	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
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 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: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra （specified in Rel-16 LTE HST WI）
	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)
	1.92 (3)

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

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


For DRX cycle of 2.56 s, we prefer to adopt the same methodology as LTE HST, which reuses the current requirements and the configuration of DRX is up to network.  
Proposal 
1: the intra-frequency cell reselection requirements of NR high speed scenario are proposed as following:
	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 M2 (1 x M2)
	0.96 x M2 (3x M2)

	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: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


2.3 Cell identification delay in connected state
For intra-frequency measurement in connected state, two cases of without measurement gap and with measurement gap are specified. For the high speed scenario, to guarantee the mobility performance, it is likely to configure SSB within the active BWP. Another consideration is that the timeline of RRM part is limited. So it is proposed to only consider the case of without measurement gap in Rel-16 NR HST WI.
Proposal 2: for intra-frequency measurement, it is proposed to only consider the case of without measurement gap in Rel-16 NR HST WI.
PSS/SSS detection delay and measurement delay are related with CSSFintra and Kp. According to WID, single carrier is considered, so CSSFintra equals 1 for intra-frequency measurement without gap. The value of Kp is determined by the time location of SMTC and MGRP. Measurement gap may need to be configured to perform LTE inter-RAT measurement. When intra-frequency SMTC is fully non-overlapping with measurement gaps or intra-frequency SMTC is fully overlapping with MGs, Kp=1. When intra-frequency SMTC is partially overlapping with measurement gaps, Kp = 1/(1- (SMTC period /MGRP)), where SMTC period < MGRP. For the latter case, the maximum value of 1/(1- (SMTC period /MGRP)) is 2 considering the possible combination of SMTC period and MGRP.
With above assumption, the PSS/SSS detection delay requirements, measurement delay requirements and SSB index acquiring delay are simplified as Table 3. 
Table 3:  Time period for PSS/SSS detection and Measurement period for intra-frequency measurements without gaps with CSSFintra = 1 and Kp=2 (Kp =2 is the maximum value of 1/(1- (SMTC period /MGRP)))
	DRX cycle
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  
	TSSB_time_index_intra

	No DRX
	max( 600ms, ceil( 5 x 2) x SMTC period )Note 1
	max(200ms, ceil( 5 x 2) x SMTC period)Note 1 
	max(120ms, ceil( 3 x 2 ) x SMTC period)Note 1 

	DRX cycle≤ 320ms
	max( 600ms, ceil(1.5x 5 x 2) x max(SMTC period, DRX cycle)) 
	max(200ms, ceil(1.5x 5 x 2) x max(SMTC period, DRX cycle)) 
	max(120ms, ceil (1.5 x 3 x 2) x max(SMTC period, DRX cycle)) 

	DRX cycle>320ms
	ceil(5 x 2) x DRX cycle 
	ceil( 5 x 2) x DRX cycle 
	Ceil(3 x 2) x DRX cycle 

	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


It can be seen from Table 3, for no DRX case, the cell identification delay is max (920, 26*SMTC period). The longest delay is 4.16s with SMTC period of 160ms, and UE moves about 578 meters, which is OK for the distance between RRH of 700 meters. So the current requirements of no DRX case are applicable to the high speed scenario.
Observation 4: for no DRX case, all the candidate SMTC periods can be applied to the NR HST scenario.

Proposal 3: for no DRX case, the current PSS/SSS detection delay requirements, measurement delay requirements and SSB index acquiring delay requirements are applicable to the high speed scenario, and all the candidate SMTC periods can be applied.
For the case of DRX cycle <= 320ms, the cell identification delay is max (920, 39*max (SMTC period, DRX cycle)). The longest delay is 12.48s with DRX cycle of 320ms, and UE moves about 1735 meters. There may be mobility performance degradation assuming that the distance between RRH is 700 meters. Same issue exists for the case of DRX cycle > 320ms. Enhancement is necessary.
One possible way is to reduce the number of samples. However, considering that the current PSS/SSS detection delay is 5 samples, measurement delay is 5 samples, there may be little room to have further enhancement. And UE vendors’ input are encouraged. The other way is to reuse the current requirements and identify the feasible DRX cycles. From our point of view, the feasible DRX cycles can be further discussed, but we do not prefer to have such configuration limitation in spec.
Proposal 4: for the case of DRX cycle is configured, following two options of enhancement can be further discussed:

· Option 1: reduce the number of measurement samples
· Option 2: reuse the current cell identification requirements and the feasible DRX cycles can be further discussed, but configuration of DRX cycle is up to network.
2.4 Signaling impact

According to the WF [1], it was agreed to introduce network assistance signaling and UE capability signaling on RRM enhancement on NR high speed scenario. But whether signaling should be differentiated for different mobility scenarios (350km/h, 500km/h) need further discussion. On one hand, the timeline of RRM enhancement is very limited, it may be difficult to specify two sets of requirements within the timeline. On the other hand, the UE supports the requirements of 500km/h can also be applied to the scenario of 350km/h. So from our point of view, it is preferred to specify RRM requirements targeting for 500km/h, and it is not necessary to introduce different signaling for different velocity.
Proposal 5: it is proposed to specify RRM requirements targeting for 500km/h, and network assistance signaling and UE capability signaling are introduced for velocity of 500km/h.

3. Conclusion
This contribution provides general discussion on RRM for NR support of high speed scenario. The observations and proposals are:
Deployment scenario related:

Observation 1: HST-SFN deployment is in use for NR HST. With the higher carrier frequency, the cell coverage is smaller. And the typical value of distance between RRH is about 700 meters.

Observation 2: according to the possible NR HST deployment, the number of DL beams is up to 2 per RRH.
Observation 3: since the cell re-selection requirements and cell identification requirements are per-cell level requirements, the number of DL beams have no impact on the cell re-selection requirements and cell identification requirements
Requirements related:

Proposal 
1: the intra-frequency cell reselection requirements of NR high speed scenario are proposed as following:
	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 M2 (1 x M2)
	0.96 x M2 (3x M2)

	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: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


Proposal 2: for intra-frequency measurement, it is proposed to only consider the case of without measurement gap in Rel-16 NR HST WI.
Observation 4: for no DRX case, all the candidate SMTC periods can be applied to the NR HST scenario.

Proposal 3: for no DRX case, the current PSS/SSS detection delay requirements, measurement delay requirements and SSB index acquiring delay requirements are applicable to the high speed scenario, and all the candidate SMTC periods can be applied.

Proposal 4: for the case of DRX cycle is configured, following two options of enhancement can be further discussed:

· Option 1: reduce the number of measurement samples
· Option 2: reuse the current cell identification requirements and the feasible DRX cycles can be further discussed, but configuration of DRX cycle is up to network.
Signaling related:

Proposal 5: it is proposed to specify RRM requirements targeting for 500km/h, and network assistance signaling and UE capability signaling are introduced for velocity of 500km/h.
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