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1   Background
During RAN4#90bis meeting, several enhanced RRM requirements were discussed and a WF was agreed [1]. In this contribution, we discuss the required enhancement for carrier aggregation and increased train speed based on theoretical analysis and our preliminary simulation results.
2   Discussion
2.1   Scell Identification/Measurement Enhancement
Scell identification

Since we extend requirement from single cell to carrier aggregation under the same train speed as Rel-14, Pcell identification enhancement for HST in Rel-14 can be applied to derive Scell identification enhancement. For no common DRX cycle case, candidate values of measCycleSCell are {160, 256, 320, 512, 640, 1024, 1280}ms. With HST enhancement, Pcell with 0.08<DRX-cycle≤1.28, Tidentify_intra is 10 DRX cycles. Hence, we propose 10 measCycleSCell for Scell identification, the same as [2] as discussed in last meeting. Similarly, for common DRX cycle, Tidentify_scc = max(10 measCycleSCell, Tidentify_scc1) and Tidentify_scc1 is the same as Pcell identification requirement with HST enhancement. 
Observation 1: Pcell identification enhancement for HST in Rel-14 can be applied to derive Scell identification enhancement.

Scell measurement

To ensure accuracy of measurement and tracking signal strength from serving cell, we need enough number of measurement and report frequency, especially when UE moves in high speed. For number of measurement samples, Scell should have the same requirement as Pcell. Therefore, we propose to follow Pcell requirement to set Scell requirement, same as the proposal in [2]. In terms of measurement accuracy, we believe that averaging across 3 samples should be enough for both Pcell and Scell. For report frequency, we provide the analysis based on demod HST-SFN model in 36.101. For no common DRX cycle, if we use smallest meascycleScell = 160sf, for 3 meascycle, Scell UE can travel 46.67m. In the below figure, we plot the power difference after UE travels 46.67m. For measurement purpose, we focus on the segment where UE to RRH distance is large, since measurement is more important at cell edge than near cell. When UE to RRH distance is larger than 400m, power difference is below 1dB. Therefore, 480ms report period should be enough to track the signal strength variation when UE is away from RRH under HST-SFN model. For common DRX cycle, we also use Tmeasure_scc = max(3 measCycleSCell, Tmeasure_scc1), with Tmeasure_scc1 the same as Pcell measurement requirement with HST enhancement. In this case Tmeasure_scc is still larger than 480ms, hence the above analysis applies.
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Figure 2‑1 Power difference after travel 46.67m as function of distance to RRH
Observation 2: When UE to RRH distance is larger than 400m, power difference is below 1dB within 480ms reporting period, which corresponding to 46.67m travel distance in 350km/h speed.
Proposal 1: For the measurement of SCC with deactivated SCell when no common DRX is used, the enhanced measurement requirements are proposed to be: Tidentify_intra = 10 measCycleSCell; Tmeasure_intra = 3 measCycleSCell.
Proposal 2: When common DRX is used, for the measurement of SCC with deactivated SCell, the Tidentify_intra is max (10measCycleSCell, Tidentify_scc1_enhancement), Tmeasure_intra is max (3measCycleSCell, Tmeasure_scc1_enhancement). Tidentify_scc1_enhancement and Tmeasure_scc1_enhancement are specified in the following table:

Table 1: Requirement for Tidentify_scc1_enhancement and Tmeasure_scc1_enhancement 
	DRX cycle length (s)
	Tidentify_scc1_enhancement (s) 
(DRX cycles)
	Tmeasure_scc1_enhancement (s) 
(DRX cycles)

	≤0.04
	0.8 (Note1)
	0.2 (Note1)

	0.04<DRX-cycle≤0.08
	Note2(15)
	Note2 (4)

	0.08<DRX-cycle≤1.28
	Note2(10)
	Note2 (3)

	1.28<DRX-cycle≤2.56
	Note2(20)
	Note2 (5)

	Note1:
Number of DRX cycle depends upon the DRX cycle in use

Note2:
Time depends upon the DRX cycle in use


2.2   Scell Activation Delay Requirement
Scell activation delay includes MAC CE decoding, interruption due to possible RF switching, DL loops warm up, UE processing delay and CSI computation. Most of the delay is not related to availability of DL subframe, UE processing delay and CSI computation are the major contributors for the legacy delay requirement.
However, in legacy delay requirement, the interruption length during the Scell activation is given by 5ms for intra-band CA. Among the 5ms interruption for intra-band CA, 3ms is for the additional margin to allow more time for AGC warm up in case of a sparser DL subframe availability, e.g., 60% MBSFN subframe allocation. Without MBSFN, we can reduce interruption length to 2ms for FDD. However, for TDD, since MBSFN can not be allocated to SF 0/1/2/5/6, worst case is ULDL configuration 0 regardless of MBSFN presence. Therefore, even if we don’t have MBSFN, the interruption length stays the same for TDD. 

To sum up, given that the reduction in Scell activation delay is small by assuming no MBSFN even in FDD, and there is no reduction we can get in TDD. To keep a unified Scell activation delay requirement for FDD and TDD, the same as non-HST case, we propose not to reduce Scell activation delay requirement to accommodate worst case TDD configuration.
Observation 3: Without MBSFN, Scell activation delay is still the same when we consider TDD ULDL configuration 0.

Proposal 3: Scell activation delay requirement stays the same as non-HST case.

2.3   UL Timing

There are several factors affecting UL timing estimation that are discussed in last meeting [3,4], including UE location change, Doppler shift, digital RF impairment and frequency error. Frequency error is ± 0.1 ppm in LTE, and RF impairment margin is 1.5Ts. Let (Ttotal be the total timing drift, we then have (Ttotal =1.5Ts+0.1ppm*200ms+ (TL +(Tdp. We analyse the drift due to UE location change, (TL, and Doppler shift, (Tdp, below.  
Let UE location on track be x, RRH (triangle sign) is at 0, and v is UE speed (m/s), as illustrated in Figure 2‑2. After 200ms, UE location becomes x’. The timing drift (in 200ms) due to UE location change is the difference between propagation delay of the two locations, x and x’:
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for x in [-Ds/2, Ds/2], c is speed of light, where dx and dx’ are the distance between UE and RRH at location x and x’.
Note that UE clock is scaled by Doppler shift due to UE frequency adjustment, therefore Doppler shift can affect timing. The timing drift (in 200ms) due to Doppler shift is (assuming Doppler shift doesn’t change in 200ms and it is approximated by the Doppler shift observed in the midpoint of x and x’)
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where [image: image5.png]At



 is the time period we consider, which is 200ms, fc is the center frequency and fd is the Doppler shift observed by UE.
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Figure 2‑2 HST timing error analysis

We plot (Ttotal as a function of x in the following figures, with speed = 350km/h and 500km/h. Even in 500km/h speed, max (Ttotal is 69.8ns, within original Tq = 3.5Ts. However, this analysis assumes perfect frequency estimation and ignore the Doppler shift change during the 200ms when calculating (Tdp, therefore we suggest adding more margin to account for frequency estimation error in high speed scenario. Tq,HST = 4Ts=130ns should give us enough margin.
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Figure 2‑3 Total time drift under different train speeds
Observation 4: Under ideal conditions, total time drift is smaller than 69.8ns for UE speed up to 500km/h.

Proposal 4: Set Tq,HST = 4Ts when HST enhancement is configured from Network.
2.4   Network Configuration and UE capability Signaling
Network configuration
Although PCC and SCC should be consistent for whether they are in high speed train use case, we suggest introducing an additional flag for configuring SCC HST enhancement, highSpeedEnhancedMeasFlagSCC. Note that for intraband CA, PCC and SCC center frequencies are very close, therefore their coverages are likely to be overlapped. In this case, introducing a new flag for SCC maintains the flexibility for base station to only configure enhanced measurement on PCC, by knowing that PCC and SCC are overlapped in coverage, additional PCC measurements can help infer status of SCC which has less frequent measurements since its HST enhancement is not configured. 

Observation 5: Introducing new flag for SCC provides base station more flexibility to save UE power via HST enhancement configuration.
For PCC in Rel-16 we consider higher speed, up to 500km/h, new requirement may be introduced. Therefore, a new IE, highSpeedEnhancedMeasFlag-r16 need to be introduced to configure the tighter requirement for 500km/h, and this should be a release independent from Rel-15.
UE capability signaling
Given that UE is required to make more frequent measurements on SCC to satisfy the new RRM requirement for CA in Rel-16, a new UE capability for SCC measurement enhancement shall be introduced. Similarly, with 500km/h speed considered for PCC in Rel-16, more frequent measurements are required on PCC, a new UE capability for PCC measurement enhancement corresponding to 500km/h speed shall be introduced.

Proposal 5: The following new network configuration flag and UE capability should be introduced for Rel-16 HST.

	
	PCC
	SCC

	Network configuration flag
	highSpeedEnhancedMeasFlag-r16
	highSpeedEnhancedMeasFlagSCC

	UE capability
	Support PCC measurement enhancement introduced in Rel-16
	Support SCC measurement enhancement introduced in Rel-16




3   Conclusion
Observation 1: Pcell identification enhancement for HST in Rel-14 can be applied to derive Scell identification enhancement.

Observation 2: When UE to RRH distance is larger than 400m, power difference is below 1dB within 480ms reporting period, which corresponding to 46.67m travel distance in 350km/h speed.
Proposal 1: For the measurement of SCC with deactivated SCell when no common DRX is used, the enhanced measurement requirements are proposed to be: Tidentify_intra = 10 measCycleSCell ; Tmeasure_intra = 3 measCycleSCell.
Proposal 2: When common DRX is used, for the measurement of SCC with deactivated SCell, the Tidentify_intra is max (10measCycleSCell, Tidentify_scc1_enhancement) , Tmeasure_intra is max (3measCycleSCell, Tmeasure_scc1_enhancement). Tidentify_scc1_enhancement and Tmeasure_scc1_enhancement are specified in the following table:

Table 1: Requirement for Tidentify_scc1_enhancement and Tmeasure_scc1_enhancement 
	DRX cycle length (s)
	Tidentify_scc1_enhancement (s) 
(DRX cycles)
	Tmeasure_scc1_enhancement (s) 
(DRX cycles)

	≤0.04
	0.8 (Note1)
	0.2 (Note1)

	0.04<DRX-cycle≤0.08
	Note2(15)
	Note2 (4)

	0.08<DRX-cycle≤1.28
	Note2(10)
	Note2 (3)

	1.28<DRX-cycle≤2.56
	Note2(20)
	Note2 (5)

	Note1:
Number of DRX cycle depends upon the DRX cycle in use

Note2:
Time depends upon the DRX cycle in use


Observation 3: Without MBSFN, Scell activation delay is still the same when we take TDD ULDL configuration 0 into consideration.

Proposal 3: Scell activation delay requirement stays the same as non-HST case.

Observation 4: Under ideal condition, total time drift is smaller than 69.8ns.

Proposal 4: Set Tq,HST = 4Ts when HST enhancement is configured from Network.
Observation 5: Introduce new flag for SCC provides base station more flexibility to save UE power via HST enhancement configuration.

Proposal 5: The following new network configuration flag and UE capability should be introduced for Rel-16 HST.

	
	PCC
	SCC

	Network configuration flag
	highSpeedEnhancedMeasFlag-r16
	highSpeedEnhancedMeasFlagSCC

	UE capability
	Support PCC measurement enhancement introduced in Rel-16
	Support SCC measurement enhancement introduced in Rel-16
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