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1. Introduction

The WI on enhancement for NR high speed train scenario in FR1 was approved in [1]. The objectives of core part are duplicated as below.
	· CA scenario
· Specify the UE RRM core requirements for CA scenario with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST 

· PSS/SSS detection, time index detection, and measurement period for deactivated SCell

· PSS/SSS detection, time index detection, and measurement period for activated SCell

· SCell activation/deactivation delay requirement

· Others are not precluded

· If needed, signalling impact should be discussed in RAN2




This contribution provides the preliminary analysis on RRM core requirements for CA scenario in high speed. 
2. Discussion
2.1. Cell identification for SCell in R15
In R15, the PSS/SSS detection, time index detection and measurement period requirements for intra-frequency without gap are specified as below. These requirements are applied for activated serving cells including PCell and activated SCells.
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)

	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(M2 Note 2x 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 9.2.5.1-3: Time period for time index detection (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(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




Table 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps(FR1)

	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
	max(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


The measurement requirements for deactivated SCell are specified as below,
Table 9.2.5.2-3: Measurement period for intra-frequency measurements without gaps (deactivated SCell) (FR1)

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	5 x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	5 x max(measCycleSCell, DRX cycle) x CSSFintra


There are some observations:

1. For activated cells, Kp is scaled to consider the case SMTC and gap are partially overlapping. In order to save power, even with large DRX cycle Kp is scaled as well.
2. For deactivated SCell measurement requirement, no Kp is scaled. Although UE performs measurements on deactivated SCell without gap, the SMTC occasion may be partial overlapped with gap as well. For the partial overlapping case, it is reasonable to scale Kp. One can argue that as measCycleSCell is larger or equal to 160ms, there is other opportunity for measurement on deactivated SCell during measCycleSCell. However the motivation of introducing measCycleSCell is to slowdown the measurement on deactivated SCC compared with activated cells. The measurement delay on deactivated SCell without scaling Kp may be smaller than that of activated cells, which is contradictory with the motivation. 
Proposal 1: Scaling factor Kp shall be added for deactivated SCell measurement requirements without gap in R15.
Another observation is that in R15 there is no measurement requirements specified for deactivated SCells with gap. Although there is no data reception/transmission on deactivated SCell, when the SMTC on the deactivated SCell is fully overlapping with gap, UE shall compete gap opportunities to perform measurement on the deactivated SCell. So the measurement requirements for deactivated SCell with gap shall be added.
Proposal 2: The measurement requirements for deactivated SCell with gap shall be added in R15.
2.2. Cell identification for SCell in high speed scenario

In R16 high speed WI, no CA scenario is considered. Only measurement requirements for single carrier are enhanced. The sufficient discussion were undertaken on how to reduce the PSS/SSS detection, time index detection and measurement period delay in R16 HST. The measurement requirements without gap including PSS/SSS detection, time index acquisition and measurement period in R16 HST are defined as below,

Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)

	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(M2 Note 2x 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:
When RRM enhancement for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.


Table 9.2.5.1-3: Time period for time index detection (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(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:
When RRM enhancement for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1


Table 9.2.5.2-5: T SSB_measurement_period_intra When RRM enhancement for high speed is configured (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period_intra  

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

	DRX cycle≤ 160ms
	max(200ms, ceil(5 x M2 Note 2 x Kp) x max(SMTC period,DRX cycle)) 

	160ms < DRX cycle≤ 320ms
	ceil(4 x M2 Note 2 x Kp) x max(SMTC period,DRX cycle)

	DRX cycle>320ms
	ceil( Y Note 3 x Kp ) 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
NOTE 2:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1

NOTE 3:
Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms


According to the legacy principle, the measurement requirements for all active serving cells (including PCell and active SCells) are the same. Furthermore, the above requirements are generic for both single carrier and multiple carriers. Thus it is straight forward that the PSS/SSS detection, time index detection and measurement period in R16 HST can be reused to activated SCell.

Proposal 3: It is proposed to reuse PSS/SSS detection, time index detection and measurement period in R16 HST for activated SCell in R17 HST.

When we fixed the issues on deactivated SCell proposed in section 2.1 which exists in R15 non-HST scenario, the enhanced requirements on deactivated SCell in HST scenario can follow the similar rule as activated SCell, e.g., reducing the sample number for measurement and remove factor 1.5 under some DRX cycles.
Proposal 4: When the issues on legacy deactivated SCell is fixed, the enhanced requirements on deactivated SCell in HST scenario can follow the similar rule as activated SCell.
2.3. Inter-frequency measurement in high speed scenario

Whether CA configuration is applied depends on the service load and network deployment. The possible scenario is that UE is configured with single carrier due to light load and afterwards multiple carriers are configured due to increased service load. The typical use case of SCell addition is that measurement reports of the candidate SCells were already obtained, in other words, the to-be-added SCell is known. In addition, the PCell/SCell change may also need the measurement result on inter-frequency carrier. However in R16 HST scenario, no inter-frequency measurement is not considered. To better support transition between CA and single carrier and PCell/SCell change, the inter-frequency measurement under high speed scenario may need to be considered. Although the inter-frequency measurement enhancement is not included in the R17 HST WI, the necessity needs further discussion.
Proposal 5: It is recommended to discuss the necessity of inter-frequency measurement enhancement under high speed scenario.

2.4. SCell activation 
In Release 15, the SCell activation delay in FR1 is summarized in below table. From UE implementation point of view, the UE behaviours of PSS/SSS detection, AGC adjustment and fine time tracking are indispensable. And there is almost no margin room for each step. In high speed scenario, in order to expedite SCell activation, only known SCell is triggered to be activated.
	Scell activation on FR1
	Condition
	Requirements

	SCell is known
	SCell measurement cycle is equal to or smaller than 160ms
	TfirstSSB +5ms

	
	SCell measurement cycle is larger than 160ms
	TFirstssb_MAX +Trs +5ms

	SCell is unknown
	 
	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms；


Proposal6: Legacy SCell activation delay can be reused in high speed scenario.
Although the fast SCell activation based on temporary RS is under discussion in parallel in R17 NR_DC_enh2, to simplify the discussion, in the initial stage the discussion of the two WIs can be decoupled.
3. Conclusion
This contribution provides the preliminary analysis on RRM core requirements for CA scenario in high speed. Below we summarize our proposal:

Proposal 1: Scaling factor Kp shall be added for deactivated SCell measurement requirements without gap in R15.
Proposal 2: The measurement requirements for deactivated SCell with gap shall be added in R15.
Proposal 3: It is proposed to reuse PSS/SSS detection, time index detection and measurement period in R16 HST for activated SCell in R17 HST.

Proposal 4: When the issues on legacy deactivated SCell is fixed, the enhanced requirements on deactivated SCell in HST scenario can follow the similar rule as activated SCell.
Proposal 5: It is recommended to discuss the necessity of inter-frequency measurement enhancement under high speed scenario.

Proposal6: Legacy SCell activation delay can be reused in high speed scenario.
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