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1. Introduction
A new R17 work item regarding NR HST enhancement in FR1 was approved in 2020. The latest WID can be found in [1]. The objectives in the latest WID are duplicated here for information.

· Carrier Aggregation (CA) scenario
· [bookmark: _Hlk50386231]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
In this contribution, we will provide initial discussion on objectives.
2. Discussion
UE measurement requirements on PCell in high speed scenario were enhanced in release 16 HST work item. The enhancement includes reduced PSS/SSS detection, time index detection and measurement period in connected mode. Besides, high speed cell detection and measurement requirements in idle mode were enhanced as well. In R17, high speed with CA is to be supported. According to the WID, mobility performance is to be enhanced on activated and deactivated SCell. A straightforward solution is to apply the same enhancement to deactivated and active.
In R16 HST enhancement, a scaling factor M2 is added in intra-frequency measurement requirement. Such as requirements for intra-frequency SSB measurement period without gap. The enhancement is highlighted in yellow as below. 
Table 9.2.5.2-5: T SSB_measurement_period_intra When highSpeedMeasFlag-r16 is configured (Frequency range 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≤ 160ms
	max(200ms, ceil(5 x M2 Note 2 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	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 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:	M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1
NOTE 3:	Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms



[bookmark: _Ref61266935]Proposal 1: similar enhancement on PCell measurement in R16 HST can be used as baseline on enhancement on active/deactivated SCell in R17 HST enhancement in FR1.
Similarly, for PSS/SSS detection, time index detection and measurement period for deactivated SCell, a scaling factor M3 can be introduced to replace the existing scaling factor “1.5”. Such as highlighted in red below:
Table 9.2.5.1-4: Time period for PSS/SSS detection, deactivated SCell (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 Y1 x max(measCycleSCell, M3xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	Y2 x max(measCycleSCell, DRX cycle) x CSSFintra

	NOTE 1:	M3, Y1 and Y2 are FFS.


M3, Y1 and Y2 are FFS. They can depend on SMTC periodicity, or measCycleSCell, which can be further discussed.
Regarding measurement on SCell, unlike LTE, there is no dedicated section in TS38.133 to capture RRM measurement requirement. The measurement requirements on SCell are calculated based on intra-frequency measurement requirement specified in section 9.2 and CSSF factor specified in section 9.1.5. Since the R16 factor M2 is outside of CSSF, the enhancement can mistakenly apply to active SCell as well. Note that the SCell measurement is not expected to be enhanced in R16. We have a companion contribution to address this issue in [2].
Even though in R17 measurement on active SCell is to be enhanced and M2 may apply to active SCell, it is still has to be updated since most likely in R17 people will introduce a new capability to control the measurement on active SCell other than “highSpeedMeasFlag-r16”, which is designed for enhanced PCC measurement only.
[bookmark: _Ref61266939]Proposal 2: even though in existing TS38.133 R16 HST enhancement applies to both PCell and active SCell, existing requirements have to be updated in R17 since “highSpeedMeasFlag-r16” shall only be used to enhance the measurement on PCC and another new IE is expected to be introduced to enhance the measurement on all the SCCs.

Another objective in this work item is to enhance the SCell activation/deactivation procedure. There are several options to facilitate the SCell activation/deactivation procedure, such as:
1) Use UE specific RS for fine time tracking and AGC adjustment
According to R15/R16 RRM requirements, fine time tracking and AGC adjustement are performed based on SSB (TFineTiming and Trs as defined in TS38.133 section 8.3). Since the periodicity of SSB can be up to 160ms, the whole activation delay can be longer that 160ms, which is much longer then SCell activation delay in LTE. Typically, mobility on SCC is considered as lower priority compared with PCC. Thus network may configure longer SMTC on SCC compared with that on PCC to avoid high RS overhead. This would result in long activation delay.
To address this issue, one solution is to rely on UE specific RS, such as TRS, for fine time tracking and ACG adjustment. Actually, this is being discussed in RAN1 in R17 MR-DC work item. An LS was sent from RAN1 to RAN4 in the last November e-meeting, which is mainly about efficient SCell activation. The outcome can be borrowed here to facilitate SCell activation in HST.
[bookmark: _Ref61266944]Proposal 3: RAN4 can consider defining requirements for SCell activation with UE specific RS (such as TRS) for fine time tracking and AGC adjustment.

2) Enhance inter-frequency measurement requirements
In typical CA operation procedure, network would firstly configure inter-frequency measurement several neighbour carriers. After inter-frequency measurement UE would report which carrier(s) there is/are good candidate cell(s) for SCell operation. Then network would add target cell(s) as deactivated SCell(s) for the UE. Once there is huge data incoming, network would activate the SCell(s) for data transmission. According to the existing scope, RAN4 is expected to enhance the measurement on active/deactivated SCell. Actually if the inter-frequency measurement before adding SCell is enhanced, the SCell activation procedure can also be facilitated.
Proposal 4: RAN4 can consider some enhancement on inter-frequency measurement requirements in HST.

3) Apply direct SCell activation in HST
In R16 MR-DC work item, direct SCell activation at SCell addition, handover and RRC resume is supported to facilitate SCell activation procedure. Network can consider these enhancements in HST. For instance, once UE handovers from one gNB to another in HST, network can add direct SCell activation in the handover command.
[bookmark: _Ref61266949]Observation 1: direct SCell activation can be used in HST to facilitate SCell activation procedure. However, no standard effort is needed.

3. Conclusion
In this contribution, we provide initial discussion on R17 HST enhancement in FR1. After discussion the following conclusions are made:
Proposal 1: similar enhancement on PCell measurement in R16 HST can be used as baseline on enhancement on active/deactivated SCell in R17 HST enhancement in FR1.
Proposal 2: even though in existing TS38.133 R16 HST enhancement applies to both PCell and active SCell, existing requirements have to be updated in R17 since “highSpeedMeasFlag-r16” shall only be used to enhance the measurement on PCC and another new IE is expected to be introduced to enhance the measurement on all the SCCs.
Proposal 3: RAN4 can consider defining requirements for SCell activation with UE specific RS (such as TRS) for fine time tracking and AGC adjustment.
Observation 1: direct SCell activation can be used in HST to facilitate SCell activation procedure. However, no standard effort is needed.
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