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1 Introduction

In this contribution we provide simulation results according to the assumptions in [2]. We also discuss implementation aspects of enhanced idle mode RRM requirements for high speed scenarios.
2 Discussion
In this contribution we provide simulation results for high speed scenarios according to the assumptions in [2] and discuss the possible enhancements. 
2.1 Simulation assumptions and results
Passengers are placed in a train, and UEs are moving along the railroad track. Cells are distributed along the tracks.
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Figure 1: cell deployment for high speed scenarios

Neighbour cell are assumed be detected and evaluated within Tdetect when SINR of the cell is equal to and larger than -6dB. For a cell that has been already detected, but that has not yet been reselected to, the evaluation filter is explicitly modelled as an N sample running average with time duration Tevaluate. Detected cells are measured every Tmeasure.
Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	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
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

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


The cell detection time in 2nd column is the sum of the cell evaluation time in 4th column and the cell identification time which is 20*DRX cycle length in existing specifications. 
· Cell identification time

A cell is considered detected after the cell identification time has passed. The modelling is such that SINR of the cell needs to be above -6dB during the entire time of cell identification, i.e. if the SINR drops below -6dB before the cell identification period has elapsed, the time until the cell is identified is reset and cell identification begins from scratch (this may not be realistic, but is used as a simulation model). In this simulation, two sets of cell identification time (existing and enhanced) are configured and in both cases the performance with an additional requirement at high SNR is also checked: 
1) Existing case: 20*DRX cycle length (follows the existing requirement as Table 4.2.2.3-1 in TS 36.133); 
2) Modified existing case :  20*DRX cycle length when 
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[image: image3.wmf]0d

SINRB

³

.
3)  Enhanced case from simulation assumptions in [2]: 
· 5*DRX cycle length when 
[image: image4.wmf]6d0d

BSINRB

-£<

. 

· 1*DRX cycle when
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4) Modified Enhanced case: Cell detection as per enhanced case, evaluation period extended to 3 DRX cycles (all cases) to allow improved measurement accuracy.
 Cell evaluation period

In TS 36.304, the cell ranking criterion is defined as follows,
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In this simulation, the evaluation criterion only considers RSRP quantity, 
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is set to 0dB, and
[image: image8.wmf]offset

Q

is set to 0dB. Since Tevaluate is typically used to filter the measurements, the simulation filters both Rs and Rn using an N sample running average filter with time duration Tevaluate. As soon as Rn>Rs, reselection is triggered due to the Qhyst and Qoffset setting. We would like to highlight that this is slightly different than the modelling described in [2], where it seems that Tevaluate is modelled as a timer (i.e. Rn>Rs for the entire Tevaluate duration to trigger reselection). In practice we think that UE implementations are likely to filter or average measurements over  (not more than) the Tevaluate duration to mitigate the effects of fast fading rather than use it as a timer for unfiltered measurements. Along with cell detection, four cases are considered
1) Existing case: follows the existing requirement as Table 4.2.2.3-1 in TS 36.133; 
2) Existing case with improved cell detection : No changes to evaluation period, only cell detection above 0dB SINR is modelled differently. Evaluation follows the existing requirement as Table 4.2.2.3-1 in TS 36.133; 

3) Enhanced case: Measurement and evaluation of known cells is according to the following table
	DRX cycle length [s]
	Tmeasure,EUTRAN [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra

[s] (number of DRX cycles)

	0.32
	0.32 (1)
	0.64 (2)

	0.64
	0.64 (1)
	1.28 (2)

	1.28
	1.28 (1)
	2.56(2)

	2.56
	2.56 1)
	5.12(2)


4)Modified Enhanced case for improved accuracy : Measurement and evaluation of known cells is according to the following table
	DRX cycle length [s]
	Tmeasure,EUTRAN [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra

[s] (number of DRX cycles)

	0.32
	0.32 (1)
	0.960 (3)

	0.64
	0.64 (1)
	1.92 (3)

	1.28
	1.28 (1)
	3.84 (3)

	2.56
	2.56 (1)
	7.68 (3)


Table 1 shows the main parameters for the high speed scenario with DRX.

Table 1 Assumptions for system level evaluation

	Parameter
	Values used for evaluation

	ISD (Ds)
	1000 m

	Minimum distance from eNB to railroad track (Dmin)
	100m

	Antenna height
	35m

	Antenna
	2(2

	Propagation model
	ITU RMa LOS refer to TR36.814

	UE dropping
	UEs randomly and uniformly dropped within a train (200m length)

	UE speed
	350km/h

	System BW
	10 MHz

	DRX configuration
	320ms;640ms;1280ms;2560ms

	Cell identification delay
	20*DRX cycles (for all DRX cycles)
	· 5DRX cycles (for all DRX cycles)when 
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· 1DRX (for all DRX cycles)when 
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	Measurement period
	4,2,1,1*DRX cycles (for all DRX cycles)
	1DRX cycles (for all DRX cycles)

	Evaluation period
	16,8,5,3 DRX cycles (for 320ms, 640ms, 1280ms, 2560ms respectively)
	2,2,2,2 DRX cycles (for 320ms, 640ms, 1280ms, 2560ms respectively)
3,3,3,3 DRX cycles (for 320ms, 640ms, 1280ms, 2560ms respectively)

	Reselection quantity
	RSRP
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· Performance Metrics

In RRC idle state, the serving cell is regarded to be in outage when the SINR is below -8dB. Outage is defined as the ratio of the amount of time below -8dB to the overall simulation time.
2.2 Simulation results
Simulation results for outage are shown in Table 2.
Table2. Outage rate in idle state

	DRX cycle
	Outage rate based on existing requirements (1)
	Outage rate based on existing requirements and fast detection above 0dB SINR(2)
	Outage rate based on enhanced requirements (3)
	Outage rate based on enhanced requirements, 3 DRX evaluation period (4)

	320ms
	78.06%
	6.02%
	0.00%
	0.00%

	640ms
	91.26%
	4.49%
	0.00%
	0.00%

	1280ms
	99.48%
	7.31%
	0.00%
	0.00%

	2560ms
	99.41%
	7.10%
	0.00%
	7.10%


We have not processed the results to determine missed paging rate for different numbers of paging retransmissions. One reason is that outages are not likely to be independent, i.e. if the UE fails to reselect in time and ends up in idle mode outage on one DRX cycle, this influences (increases) the probability that it will still be in outage on the next DRX cycle. Thus, the missed paging rate appears to be quite sensitive to the exact simulation details performed. Moreover, one reason for retransmitting paging would be due to outages on DRX due to SI reading, which is not modelled in the simulations.
Based on the simulation results, the following observations are made
Observation 1 : At all DRX cycles, based on RAN4 current minimum requirements (column 2)  the UE is in outage almost all the time. This is also to be expected theoretically for this scenario; for example at 320ms DRX cycle, it takes 11.52s to detect and evaluate a new cell. Since the UE velocity is approximately 97ms-1, the UE travels 1117.44m during this time duration. The ISD is 1000m, so according to RAN4 requirements the UE may completely cross the coverage of the cell before it manages to detect, measure and reselect to the cell. In practice, since RAN4 specifies the minimum performance requirement rather than typical performance (in other than worst case conditions) we can expect that the situation is not as pessimistic as implied by simulation based on RAN4 minimum requirements.
Observation 2 : System information reading on reselection is not modelled in the simulations, but will further contribute to missed paging. 
Observation 3 : Practical cell detection can be expected to be significantly faster at higher SINR. In the third column it is assumed that UEs are able to detect cells on the first attempt at PSS/SSS detection at Es/Iot≥0dB. One good aspect of the high speed scenario is that the UE is moving rapidly towards the target cell, so it means that the Es/Iot of the target cell will be rapidly improving (while the Es/Iot of the current serving cell may be rapidly dropping). Hence there is a very good chance that in practice existing UEs are able to perform reasonably in high speed scenarios (egg outage 0%-10%) provided that they attempt cell search on every DRX cycle. This is not guaranteed by RAN4 requirements, and hence consideration could be given to ensuring via core requirements and test cases that cell search is performed on every DRX cycle, and a requirement for single shot detection (excluding evaluation period) when there is sufficient SINR (exact Es/Iot FFS) would be very beneficial to ensure performance in high speed environments.
Proposal 1 : A requirement for single shot detection (excluding evaluation period) when there is sufficient SINR (exact Es/Iot FFS) would be specified
Observation 4 : The results from columns 4 and 5 indicate that there is also potential for further benefit from enhancements such as shorter detection and evaluation

Observation 5 : A 3 sample evaluation filter could be used to allow UE implementations to measure more accurately. The results are shown in column 5
2.3 Implementation aspects

Next we consider the UE implementation aspects of enhanced performance, since the previous simulations look at system level at the relationship between outage level and outage rate without considering what is practically achievable with acceptable accuracy and power consumption.

Cell detection
Cell detection probability naturally improves at higher SINR since it is relatively straightforward to detect PSS and SSS in a low noise environment. Thus is should not require any significant changes to UE implementation or algorithms to meet requirements enhanced cell detection requirements in idle mode at higher SINR (at high enough SINR any implementation should be able to detect PSS and SSS on a single shot). Since current idle mode cell identification requirements are specified as minimum requirements, it is possible that some implementations do not perform cell detection on every DRX cycle, prioritizing idle mode power consumption ahead of mobility performance. This would be a reasonable design choice for lower speeds, but is not suitable for 350km/h operation. The introduction of a requirement according to proposal 1 mostly verifies that UEs are performing cell identification on every DRX cycle.
Here we are discussing the basic cell detection process, excluding evaluation (measurement) period. Since UEs should be able to filter measurement samples in idle mode, we do not think that it would be beneficial to use a single shot evaluation period.

The enhanced requirements also consider improved cell detection at 
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, and we should examine the feasibility at link level. In the past, RAN4 has done various studies on cell identification performance in connected state without DRX. One relevant study was performed in release 12 for MTC; the results compare 1RX and 2RX cell detection performance and could also be relevant for idle mode where power consumption considerations may lead to 1RX operation. At -6dB, the worst case cell detection performance observed was 240ms which corresponded to 6 attempts, with one attempt every 40ms. In idle mode this would correspond to detection requirement of 6 DRX cycles. Faster identification of cells is possible if the UE uses 2RX; the results indicate that detection in 4DRX cycles may then be feasible.
Proposal 1 : A requirement for single shot detection (excluding evaluation period) when there is sufficient SINR (exact Es/Iot FFS) would be specified

Proposal 2 : RAN4 should discuss the assumptions to be used, however enhanced performance with a basic identification time in idle mode of around 5DRX cycles is feasible for 
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Measurement interval and evaluation period
We believe it is feasible to specify Tmeasure = 1DRX cycle for all DRX cycles, as this is already the requirement for 1.28 and 2.56s. Our understanding is that longer Tmeasure was copied from WCDMA specifications for the shorter DRX cycles (320ms and 640ms) to avoid the impact to power consumption that would result if Tmeasure scales directly with DRX cycle. However, for high speed train scenarios, the trade-off between power consumption and performance needs to be addressed.
Proposal 3 : Tmeasure = 1DRX cycle is specified for all DRX cycles for high speed scenarios
Regarding Tevaluate, this should be a multiple of Tmeasure to allow the UE to filter or average measurement samples. Filtering serves two main purposes

1. It mitigates the effects of fast fading over a longer time duration to reduce ping pong in idle mode

2. It improves measurement accuracy by reducing the variance of measurements (filtering cannot address a fixed bias in the mean value)

In RAN4#78 it was discussed that there are no explicit accuracy requirements in idle mode. While this is true, there are implicit requirements which the UE still has to meet, for example:

For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined [1] within Tevaluate,E-UTRAN_intra when Treselection = 0 as specified in table 4.2.2.3-1 provided that the cell is at least 3dB better ranked. When evaluating cells for reselection, the side conditions for RSRP and SCH apply to both serving and non-serving intra-frequency cells
The main reason for stating the requirement in this manner is that the UE measurements are not reported to the network in idle mode, so the requirement is stated using a behaviour which is externally observable and testable (reselection to a cell which is 3dB better ranked). To be able to meet such a requirement, as well as to mitigate fading, we think it is important that the UE is able to filter sufficient measurement samples.
In [2], it was proposed that the enhanced requirements to be studied would use Tevaluate=2 DRX cycles. Our preference would be to specify Tevaluate=3 DRX cycles for all DRX cycle lengths, since this parameter was already used, and UEs have a better chance to make accurate measurements, especially in fading, if more filtering is used.  Although this results in one additional DRX cycle of reselection delay compared with Tevaluate=2 DRX cycles, our results above indicate good outage rates (0.00% for all DRX cycles except 2.56s) and we think it is also important that measurements are sufficiently filtered and accurate. The impact of inaccurate measurements is not checked in the evaluations performed at system level, but will in practice lead to more outages due to increased number of reselections and reselecting to cells which are not meeting the reselection criteria.
Proposal 4 : Tevaluate = 3DRX cycle is specified for all DRX cycles for high speed scenarios

As proposals 1-4 may imply somewhat increased UE power consumption (which we have previously discussed is unavoidable to improve performance in high speed scenarios and may be better than the power consumption caused by repeated reselection failures) it is important that the enhanced high speed requirements are only used when necessary. To assist the UE, we propose that network signalling is used to indicate that a high speed deployment is in use. There was some discussion about the signalling in RAN4#78 and whether the network is expected to identify that a particular UE is moving with high speed. Our assumption, especially for idle UEs is that it may be difficult to detect high speed condition and enable high speed enhancements on a per UE basis so we propose that the high speed indication is broadcast in system information and used by all release 14 UEs as assistance information in their determination of the relevant idle mode requirements. While there may be some stationary or low speed UE in the coverage of a high speed network (egg at a station or on a local train) our assumption is that typically dedicated coverage is provided for high speed trains, so such cases should not be common, and moreover, the power consumption impact caused by the improved performance will not be so bad as to be a showstopper for any low speed UE which is served by the high speed eNB.

Proposal 5  Broadcast signalling is used to enable the enhanced performance requirements.

Finally, as discussed in [4], we think that the most important reselections in high speed scenarios are intra-frequency. One reason is that inter-frequency (or interRAT) RRC connected mobility is more difficult due to the need for measurement gaps and the associated additional delays, so we think that most high speed networks would need to provide continuous coverage on at least one single frequency layer. This is not to say that we are against enhancement of inter-frequency or inter-RAT requirements if other companies see a need or a scenario for which it would be beneficial.
Proposal 6 : Intrafrequency requirements are the top priority for enhancement
3 Conclusion

In this contribution we provide simulation results according to the assumptions in [2]. We also discuss implementation aspects of enhanced idle mode RRM requirements for high speed scenarios and propose :

Proposal 1 : A requirement for single shot detection (excluding evaluation period) when there is sufficient SINR (exact Es/Iot FFS) would be specified

Proposal 2 : RAN4 should discuss the assumptions to be used, however enhanced performance with a basic identification time in idle mode of around 5DRX cycles is feasible for  
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Proposal 3 : Tmeasure = 1DRX cycle is specified for all DRX cycles for high speed scenarios

Proposal 4 : Tevaluate = 3DRX cycle is specified for all DRX cycles for high speed scenarios

Proposal 5  Broadcast signalling is used to enable the enhanced performance requirements.

Proposal 6 : Intrafrequency requirements are the top priority for enhancement
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