[bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #92	R4-1909886
Ljubljana, Slovenia, 26 – 30 August 2019 

[bookmark: _GoBack]
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on RRM open issues for Rel-16 LTE HST   
Agenda item:	8.14.1.2
Document for:	Approval
Introduction
During the RAN4#91 meeting, the way forward on RRM enhancement for HST [1] was approved. A number of agreements were reached providing some baseline understanding for further discussion. Additionally, a few topics were left open for further discussion. In this paper we address those open items and provide our views.

Discussion
Following open topics for LTE HST are discussed in this paper:
· [bookmark: _Hlk16083377]SCell activation Delay
· Idle mode requirements for PCell reselection 
· Measurement requirements for PCell when in Connected mode with DRX
· RLM

SCell activation Delay
In Reno meeting two options were discussed related to SCell activation delay [1]:
· Option 1: No MBSFN subframe is applicable for SCell activation delay in LTE high speed scenario
· Option 2: No enhancement is needed
Current requirements differ between known and unknown SCell being activated. In case the SCell is known the UE has already measured and reported the SCell very recently and would therefore have timing information available for the SCell. If the SCell is not known the activation delay is already conditioned that the UE can detect the SCell being activated in can be successfully detected on the first attempt.
For both known and unknown SCell activation delay there is additionally the condition that if there is no reference signal received for the CSI measurement over the delay corresponding to the minimum requirements specified, the UE shall report corresponding valid CSI for the activated SCell on the next available uplink reporting resource after receiving the reference signal. I.e. if the reference signal is not present due to MBSFN, the activation delay may increase.
Based on this our view is that the current requirements SCell activation delay requirements for HST CA would not need to be changed. Additionally, we see no reason to limit use of MBSFN subframes in this scenario.
[bookmark: _Hlk16166235]No changes are needed to SCell Activation Delay for HST CA.

Idle mode requirements for PCell reselection
From the WF [1], 3 options were listed:

· Option 1 
	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
	2.24 (7)
	0.32(1)
	0.64(2)

	0.64
	4.48 (7)
	0.64 (1)
	1.28 (2)

	1.28
	8.96(7)
	1.28 (1)
	2.56 (2)

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



· Option 2
	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
	3.2 (10)
	0.32(1)
	0.96(3)

	0.64
	6.4 (10)
	0.64 (1)
	1.92 (3)

	1.28
	7.68(6 or other values)
	1.28 (1)
	3.84 (3)

	2.56note1
	58.88 (23)
	2.56 (1)
	7.68 (3)

	Note1: The DRX configuration is not applicable for high speed scenario.



· Other options are not precluded
The first two options listing stricter requirements for PCell idle mode measurements were discussed in RAN4 meeting in Reno. Both proposals aim at reducing the delays which also seems reasonable, considering that the PCell idle mode mobility now would need to work for velocities up to 500km/h.
In the Reno meeting simulation results (for connected mode mobility) were provided in [2]. These results were based on the UE 350km/h HST requirements for cell detection and measurements, with the UE velocity increased to 500km/h. 
For idle mode one may look at the connected mode results with load 0 case. Knowing that the measurement averaging in idle mode shall use at least 2 samples while in connected same requirement is 3 samples, the measurement averaging time in connected mode is one sample longer than what can be expected in idle mode. Assuming that the UE also averages the idle mode samples according to minimum requirements (spaced by at least Tmeasure,EUTRAN_Intra/2) with Tmeasure,EUTRAN_Intra =1 when highSpeedEnhancedMeasFlag is set, the averaging measurement delay in Idle mode is 2*DRX. For connected one may assume such delay is 3*DRX. I.e. with DRX of 640ms one can expect a measurement delay in Idle mode of 1280ms while in connected it could be expected to be 1920ms.
The event triggered measurement reporting delay in connected mode, when measured without L3 filtering, shall be less than T identify_intra. I.e. for DRX periods between 0,08ms and 1280ms with cell detection requirement equal to 10 DRX cycles, one can expect that for HST connected mode the highest impact cell change latency is the cell detection latency.
In idle a similar requirement is defined and the UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS36.304 within Tdetect,EUTRAN_Intra. I.e. for Idle mode the cell detection time includes a round of measurements and an evaluation. With the current HST requirements for Tdetect,EUTRAN_Intra equal to 10 DRX cycles for DRX cycles of 320, 640 and 1280ms the Idle mode latency will be about the same as for connected mode (with same DRX cycles).
The simulations (although for connected mode) shows that when there is no load in the system, with 500kmh, there are no mobility problems at least for DRX cycles of 640ms. Based on this the current requirements for Idle mode cell detection could be kept unchanged – at least for DRX cycles of 320, 640 and 1280ms
Current HST idle mode cell detection delays for 320, 640 and 1280ms can apply also for 500km/h.

Based on this discussion and proposal we would find it logical to change the cell detection requirement for DRX cycle 2560ms to be aligned with Connected mode requirements.
Change the HST cell detection delay for 2560ms DRX cycle to 20 DRX cycles.

As mentioned, latencies are important for the HST case with UE velocity of up to 500km/h. Based on this we support a reduction in the Tevaluate,E-UTRAN_intra. However, we think that the evaluation should be performed for each DRX cycle. 
Tevaluate,E-UTRAN_intra for 500km/h HST shall be 1.

Based on the discussion and proposals we propose following requirements for Idle mode Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra for 500kmh HST case:
Use following values for Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra for 500km/h HST case.
	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
	3.2 (10)
	0.32(1)
	0.320.96(13)

	0.64
	6.4 (10)
	0.64 (1)
	0.641.92 (13)

	1.28
	12.8(10)
	1.28 (1)
	1.283.84 (13)

	2.56
	51.258.88 (203)
	2.56 (1)
	2.567.68 (13)



One reasoning behind the reduced Tevaluate, E-UTRAN_intra is to ensure that the UE does not move too far into target cell prior to reselection. 

Measurement requirements for PCell when in Connected mode with DRX
From the WF [1], 2 options were listed:
· Option 1: no enhancement is needed
· Option 2: 

	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤ 0.04
	0.8 (Note1)

	0.04 < DRX-cycle ≤ 0.08
	Note2 (15)

	0.08 < DRX-cycle < 1.28
	Note2 (10)

	DRX = 1.28
	Note2 (6 or larger values)

	1.28 < DRX-cycle note3 ≤ 2.56
	Note2 (20)

	Note1:        Number of DRX cycle depends upon the DRX cycle in use.
Note2:        Time depends upon the DRX cycle in use.
Note3:        The DRX configuration is not applicable for high speed scenario.



In [2], extensive simulations were carried to investigate the impact of different DRX cycle lengths on HO performance when UE speed was increased from 350km/h to 500 km/h. The conclusion from the studies are as follows:
· in general, using DRX cycles of 160 ms or less will ensure robust mobility without noticeable performance degradation
· One exception is for the full traffic load case
· when DRX cycle = 640 ms is used, it is not possible to ensure robust mobility even at 50% traffic load
· at 75% load, robust mobility suffers even further even at DRX cycles of 320 ms
· at full load, only non-DRX (or up to the assumed measure interval of 40 ms) can guarantee robust mobility (even 80 ms leads to about 5% HO failure rates)
· to avoid excessive ping-pong effects (even for short DRX cycles), HO threshold should be used (e.g., at least 2 dB)
Based on the above conclusions, our proposal is that no enhancement is needed.
No changes are needed for measurement requirements for PCell in Connected mode with DRX.

RLM
Final open aspect from last meeting was whether there would be a need for modifications of the RLM procedure and/or conditions. From the WF [1], 4 options were listed:
· Option 1: For RLM in high speed scenario, define a new event according to some threshold Qout,E1 which is less than 10%. A new signalling will be introduced for UE to indicate network that it is going to be out-of-sync if PDCCH block error rate is above Qout,E1 
· Option 2: For RLM in high speed scenario, define the threshold Qout_HST as the level at which the downlink radio link cannot be reliably received and shall correspond to [10]% block error rate of a hypothetical PDCCH transmission with transmission parameters specified.
· Option 3: RAN4 specify RLM requirements only for the condition PDCCH is transmitted with transmission diversity when the new very high speed signalling is indicated.
· Option 4: no enhancement needed
In general, we see no need to introduce any new threshold for Qout. A new lower Qout threshold of 10% should be considered carefully before being introduced although used as indication to network about the link conditions. From system point of view this new signalling would happen at cell edge conditions where the load conditions have big impact on the single UE. Additionally, it is unclear what would be the purpose of early RLM signalling.
It was also proposed to condition the RLM requirements based on that the PDCCH transmission would be transmitted transmission diversity in 500km/h HST case. However, RAN4 has already defined RLM requirements for when different number of transmission ports are used. Network should then use appropriate setting according to the deployment scenario.
No changes are needed to RLM.

3	Conclusions
During the RAN4#91 meeting, a way forward on RRM enhancement for HST [1] was approved. A few topics were left for further discussion and in this paper, we address those open items and based on the discussion we propose the following:

1. No changes are needed to SCell Activation Delay for HST CA.
1. Current HST idle mode cell detection delays for 320, 640 and 1280ms can apply also for 500km/h.
1. Change the HST cell detection delay for 2560ms DRX cycle to 20 DRX cycles.
1. Tevaluate,E-UTRAN_intra for 500km/h HST shall be 1.
1. Use the following values for Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra for 500km/h HST case.
	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
	3.2 (10)
	0.32(1)
	0.320.96(13)

	0.64
	6.4 (10)
	0.64 (1)
	0.641.92 (13)

	1.28
	12.8(10)
	1.28 (1)
	1.283.84 (13)

	2.56
	51.258.88 (203)
	2.56 (1)
	2.567.68 (13)


No changes are needed for mmeasurement requirements for PCell in Connected mode with DRX.
No changes are needed to RLM.
   
References
[1] R4-1907739, Way forward on RRM enhancement for LTE HST, NTT DoCoMo
[2] R4-1906904, Further system simulation results for Rel-16 HST, Nokia, Nokia Shanghai Bell 

