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1 Introduction
In RAN#70, a work item was agreed following on from the completion of high speed train study item. It is expected that RRM delays (latency requirements) in idle mode are addressed in the study, with the justification:
	· For latency requirements under DRX configuration;

· In RRC idle state, the existing latency requirements under DRX configuration are not suitable for high speed scenario;

In RRC connected state, cell identification time and measurement period in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario


2 Discussion

The objective for idle mode RRM requirements is
	· Specify enhanced RRM requirements, under DRX configuration for idle mode in high speed scenarios. The evaluation of the candidate solutions shall be carried out. (RAN4)


Candidate solutions may be found from the study item technical report and there are the following solutions proposed

	· RRM in DRX for idle mode:

The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· Candidate solution 1: tightening UE requirements (Huawei [R4-154763])
· Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements (Ericsson [R4-154562]).

Other solutions are not precluded. 


Essentially, both candidate solutions involve tightened requirements, and indeed the objective itself implies that idle mode RRM requirements are to be enhanced, which can only mean that they are shortened. The main differences between the two candidate solutions appear to be

· Detailed consideration of which DRX cycle lengths are addressed, and exactly what the tightened requirements should be.

· Whether indication is provided to the UE that it is operating in high speed environment and should follow the tightened requirements.

To address these details, we think that a good starting point would be to consider the basic principles of idle mode RRM. The requirements for release 8 idle mode were largely copied from WCDMA specifications. Since the UE does not need to spend much time demodulating data from the serving cell to receive paging in idle mode, in principle there is a large amount of time available for making all kinds of measurements including intrafrequency, inter-frequency and inter-RAT measurements such that quite tight requirements should be met. On the other hand, UE power consumption is a very sensitive issue in idle mode and it is not desirable to search for cells, and measure known cells more frequently than is necessary. In a high speed train environment there is a different emphasis on the trade-off between power consumption and mobility than for a lower velocity UE. Some reasons for this are

· UE idle mode power consumption is anyway necessarily degraded in high speed operation. One reason is that the UE decodes system information on every reselection. Since the rate of reselections is high, the overhead in power consumption for receiving and decoding system information is high. In addition, it could be expected that the UE changes tracking area more frequently and expends more energy with tracking area update procedures.

· In case of failed reselection due to the high speed, the UE will go out of service and will then need to search for a suitable cell. This is will use considerably more energy than a successful reselection. 

· Charging facilities are often available on high speed train. This means that from a user perspective, the impact of increased power consumption is not so noticeable or inconvenient and it may be better to have increased power consumption in return for acceptable UE performance.

In the end, RAN4 needs to make an engineering trade-off regarding the power consumption versus reselection performance. Since we anticipate that it may take considerable discussions to conclude on the suitable trade-off, we think that it would be better in the first instance to discuss basic principles by which the UE performs cell search and measurement in idle mode. There are 3 basic parameters for idle mode
· Tdetect : When WCDMA specifications were used as the starting point for LTE release 8 specifications, WCDMA used a fixed detection time in idle mode of 30s independent of DRX cycle length. In the LTE release 8 work, there was some discussion that the WCDMA idle mode detection performance did not scale with DRX cycle length and it was agreed to fix the Tdetect value for 1.28s DRX cycle in LTE to a similar level as WCDMA (32s was chosen in the end since this corresponds to 20 cycles for basic detection of cells, and the evaluation time is separately agreed as 5DRX cycles, and 32s corresponds to 25*1.28s).  For the other DRX cycle lengths, the basic identification time scales according to DRX cycle length and Tevaluate (which was directly copied from WCDMA) is added. It could be noted that a typical UE does not need to perform cell search on every DRX cycle in order to meet the intrafrequency Tdetect requirements.
· Tmeasure: Tmeasure is a nominal time between measurement samples of known cells. The UE needs to measure known cells at least every Tmeasure, and in addition to use multiple samples to filter the measured value 

The UE shall measure RSRP and RSRQ at least every Tmeasure,EUTRAN_Intra (see table 4.2.2.3-1) for intra-frequency cells that are identified and measured according to the measurement rules.

The UE shall filter RSRP and RSRQ measurements of each measured intra-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,EUTRAN_Intra/2

For all DRX cycles longer than 640ms, Tmeasure,intra is 1 DRX cycle. For 320ms and 640ms, in release 8 the UE is allowed to measure less frequently so that the power consumption is not so impacted by measurements when the shorter paging cycles are used.

· Tevaluate: It is minimally specified that the UE shall filter 2 samples of RSRP or RSRQ for reselection, but Tevaluate allows for additional filtering to be performed as well as any needed UE implementation processing time. The UE is expected to evaluate reselection decisions within Tevaluate of the reselection criteria being met. Values for Tevaluate, intra are the same as WCDMA, and allow more DRX cycles when the shorter DRX cycles are used. This is because a close to fixed floor has been considered on the needed evaluation time in earlier work, i.e. when shorter DRX cycles are used it has not been considered necessary to tighten significantly the performance beyond around 5 to 6 seconds.
Having reviewed the release 8 specifications, we now consider some principles for high speed train enhancement. As we believe that it will take some meeting cycles to agree the final requirements we think that it is better in the beginning of the work item to discuss high level principles. We address some different topics, and for each topic we make a proposal on how to proceed.
1. Which types of requirements to enhance?

In principle, intrafrequency, interfrequency and interRAT requirements could be enhanced. As the UE is expected to measure all of these types of cells, enhancement of all types would result in the greatest increase of power consumption. From our perspective there is a clear priority ordering to the enhancements. Intrafrequency enhancements are the most critical, followed by interfrequency and finally interRAT enhancements are the lowest priority. The reason is that we expect that most dedicated high speed rail networks will have carefully planned coverage on one frequency so that the UEs which are connected to the network do not normally have to perform interfrequency or interRAT handover. As interfrequency and interRAT handover is performed using gaps it is slower than intrafrequency handover and carries more risk of failure. When it comes to also using this network with UEs in idle mode, it means that most of the reselections that are performed are also likely to be intrafrequency reselections, and hence those are the most critical from a performance perspective. Due to the likely cost in in terms of increased power consumption of the enhancements then it seems reasonable that RAN4 only enhances the intra-frequency requirements and we propose
Proposal 1 : Idle mode intrafrequency requirements are enhanced.

By way of explanation, we are not against enhancement of inter-frequency and inter-RAT requirements if there is a consensus to do this work in addition, but we see a clear priority and need for intra-frequency enhancements. 
2. Enhanced measurement of known cells
Our view is that known cells should be measured at least once per DRX cycle for all DRX cycles in high speed train environments. This will naturally result in somewhat increased power consumption but as the UE anyway needs to receive paging once per DRX cycle on the same frequency, the power consumption increases should be manageable. As mentioned previously, the power consumption trade-offs are different for high speed train scenarios and more measurement activity is necessarily implied by the work item objective. Since there can be many different deployment scenarios with respect to cell size etc., it would be difficult to study the needed performance in RAN4, but intrafrequency measurement of known cells at least once per DRX cycle for all DRX cycles seems a pragmatic way to enhance performance.
Proposal 2 : Tmeasure,intra=1 DRX cycle for all DRX cycle lengths under high speed train enhancement
3. Enhanced evaluation of known cells
Allowing for increased evaluation time allows additional UE filtering and potentially more accurate measurements e.g. in AWGN. On the other hand, in a very dynamic environment, increased filtering corresponds directly to increased delay and is not beneficial. Since an evaluation time of 3 DRX cycles is already used for the 2.56s DRX cycle requirement, we understand that UEs can already meet accuracy requirements in idle mode with 3 samples and we propose to extend this requirement to the shorter DRX cycles as well.

Proposal 3 : Tevaluate,intra=3 DRX cycle for all DRX cycle lengths under high speed train enhancement
4. Enhanced cell identification
For now, we think that the basic principle should be that the UE makes a cell identification attempt on every DRX cycle under high speed train enhancement. Current intrafrequency requirements (e.g. 32s requirement for 1.28s DRX cycle) can be met without performing cell search every time the UE is awake. Since the LOS propagation delay can change by approximately 0.83us between DRX cycles, PSS and SSS detection are expected to be attempted on the same DRX cycle wake up. RAN4 would need to perform further link level studies to determine the actual basic cell identification performance when the UE performs a cell identification attempt on every DRX cycle and in addition the evaluation time (e.g. from proposal 3) needs to be added to the basic identification time. As a starting point we propose to agree the basic principle
Proposal 4 : Tdetect,intra is derived under the assumption that the UE performs cell search on every DRX cycle wake up for all DRX cycle lengths
5. High speed train indication
It seems unavoidable that the proposals for measurement enhancement in high speed train environments increase UE power consumption. Thus, we think that it is essential that UEs are not expected to meet these requirements in non-high speed environments. 

Proposal 5 : Signalling indication is provided to UE that high speed train requirements should be applied.
3 Conclusions
In this contribution we start the preliminary discussion on measurement enhancement for idle mode in high speed train environments. We begin by reviewing the candidate solutions and discussing how some of the existing idle mode requirements were derived for LTE in release 8. Given that the power consumption versus performance trade-off is different for high speed trains, our view is that RAN4 should start by considering high level principles for the requirements. We address some different topics, and for each topic we make a proposal on how to proceed.

1. Which types of requirements to enhance?

Proposal 1 : Idle mode intrafrequency requirements are enhanced.

2. Enhanced measurement of known cells
Proposal 2 : Tmeasure,intra=1 DRX cycle for all DRX cycle lengths under high speed train enhancement

3. Enhanced evaluation of known cells
Proposal 3 : Tevaluate,intra=3 DRX cycle for all DRX cycle lengths under high speed train enhancement

4. Enhanced cell identification
Proposal 4 : Tdetect,intra is derived under the assumption that the UE performs cell search on every DRX cycle wake up for all DRX cycle lengths

5. High speed train indication
Proposal 5 : Signalling indication is provided to UE that high speed train requirements should be applied.
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