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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) under DRX 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 connected mode RRM requirements is
	· Specify enhanced RRM requirements in long DRX (no less than 160ms) for connected mode. 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 connected mode:

The following latency requirements in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario:

· Cell identification time 
· Measurement period 
Note: There is no consensus on short DRX configuration. Some companies provide the analysis showing in short DRX the existing latency requirements would result in performance degradation under high speed scenario [R4-155792].
The following candidate solutions are provided,

· Candidate solution 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle;
· Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);
· Candidate solution 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold(Qualcomm [R4-156050]);
· Candidate solution 4: Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Intel);
· Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).

· Candidate solution 6: Enhance RRM requirements based on the estimated UE relative distance changes by the use of previous UE measurements at previous DRX ON durations (Alcatel-Lucent [R4-158183.zip]).
· Candidate solution 7: Reduce RLM (out of sync monitoring) window and RLF timers to enable quick RRC re-establishments in the target cell (Qualcomm [R4-157272])


Many of these candidate solutions address different aspects or are complimentary, so the WI does not simply need to make one selection of a candidate solution but may consider multiple candidate solutions as a package. We evaluate candidate solutions one by one

Candidate solution 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle

It is clear that the additional cell search and measurement would imply worse power consumption than an implementation that measures once per DRX. Since the NW can already configure different DRX cycles, it is already possible to configure more frequent measurements, with the additional benefit that the scheduling opportunities to the UE are increased, and all UE from release 8 onwards can be configured in this way to give better RRM minimum performance. The question which needs to be asked is whether the baseband PDCCH decoding is a highly significant part of the overall power consumption when the UE wakes up from sleep to receive (and measure), such that there would be benefit in assuming some wake ups from sleep do not involve PDCCH decoding. In our understanding, the impact of PDCCH decoding is relatively small when the RF needs to be started, and the baseband needs to be clocked and operating searcher, so we do not see a significant benefit of candidate solution 1.

Proposal 1  (Candidate solution 1): Candidate solution 1 is not evaluated further

Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);
The origin of the DRX requirement for cell identification is that LTE idle mode requirements (Tdetect) were roughly copied to give connected state requirements since the needed time for identifying cells is approximately the same regardless of whether the UE is performing autonomous mobility, or the network controls mobility procedures. In turn, the LTE idle mode requirements were based on WCDMA requirements; WCDMA uses a fixed 30s Tdetect so the performance was set to be approximately the same as WCDMA at 1.28s DRX cycle length (which was known at the time to give acceptable performance in WCDMA operations) with the enhancement that in LTE idle mode Tdetect scales for other DRX cycles which gives the possibility for better (or worse) performance than the fixed 30s used in UTRA. 

In a companion contribution for idle mode, we propose that “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”. Essentially, the same approach (and indeed the same/similar simulation results) would also be applicable for RRC connected state, and it could be highly beneficial to have better minimum requirements for cell identification in a high speed train environment
Proposal 2 (Candidate solution 2) : DRX basic cell identification time is derived under the assumption that the UE performs cell search on every DRX cycle wake up for all DRX cycle lengths
Regarding measurement period for DRX, this was set at 5 DRX cycles in release 8 under the assumption that 5 samples would be sufficient for UE to meet accuracy requirements. A somewhat shorter measurement period may be technically feasible, however it is important that UEs meet some specified accuracy requirement for NW controlled mobility. Hence, an evaluation could be performed where accuracy is checked for different sampling regimes under the assumption that there is one measurement sample every DRX cycle.

Proposal 3 (Candidate solution 2) : DRX measurement accuracy is evaluated for different numbers of samples (effective length of measurement period) under the assumption that the UE performs a measurement sample on every DRX cycle wake up for all DRX cycle lengths
Candidate solution 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold(Qualcomm [R4-156050]);

One drawback of this solution is that it takes a 2 stage process to trigger faster measurements. We assume that under this proposal, if serving RSRP is good, all cells are measured once per DRX cycle and if serving cell is poor all cells are measured more frequently. This does address the power consumption concern of candidate solution 1; on the other hand the difficulty is that if there is a sudden degradation in serving cell, this is not noticed by the UE for approximately one measurement period, at which point the faster measurements are triggered. The proposal assumes that measurements change in a relatively gradual manner such that it is possible to configure a threshold to trigger the faster measurements before they are needed and still have time to do this. While the proposal could work in certain scenarios, it does not seem particularly robust to have the UE switching measurement rate and it is questionable how well it would work in practical high speed train deployments. Of course, even if the faster measurements are not triggered the measurement rate should be the same as that implied by current requirements, so in that sense the performance will not be harmed under this proposal but on the other hand, if the switching does not work robustly, then the options from a NW perspective are either to configure a higher switching threshold (which makes the proposal work more like candidate solution 1) or to configure a shorter DRX cycle to get faster measurements (which is already possible without this enhancement).  For this reason, we prefer to concentrate on other candidate solutions.

Proposal 4 (Candidate solution 3) : Candidate solution 3 is not evaluated further

Candidate solution 4: Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Intel);

Our assumption with this candidate solution is that the assistant information means that the enhanced DRX requirements are explicitly enabled by signalling. Since it is likely that high speed requirements will be more demanding and are not necessary in other scenarios, our view is that this would be beneficial. Since this seems to be fully complimentary to other candidate solutions we think it could be adopted, although perhaps a final check should be made once the other solutions for the work item have been selected. For instance, if the power consumption impact of the other solutions is very small and they have no other drawbacks in non-high speed operation, the higher layer signalling would not be needed. We think however that this outcome is not very likely, and candidate solution 4 could be taken as a working assumption.
Proposal 5 (Candidate solution 4) : Candidate solution 4 is taken as a working assumption

Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).
Reference [2] provides system simulation results which indicate a large number of handover failures and RLF at longer DRX cycles. The proposal is then “RRM performance requirements and corresponding tests are defined as applicable only for short DRX. UE with long DRX could be allowed by the network to not support the current HO/RLM driven mobility”. Actually, we think that the results do not demonstrate that existing requirements cannot be met with long DRX, more that the existing requirements do not provide good support for high speed train operation with a long DRX cycle. So we do not think that the UE needs to be allowed not to support the current requirements in 36.133 – these are beneficial and important for other scenarios e.g. with less high velocity. We do agree with the conclusion that it might not be easy or even relevant to work extensively on enhancements of the longest DRX cycles, however it is also difficult to define a hard cut off in terms of DRX cycle length where enhancements are no longer important. In release 13, 3GPP is working on additional long DRX cycles up to 10.24s and it is rather clear that these are not suitable for high speed train. Potentially then, the candidate solution can be addressed by saying that the additional release 13 DRX cycles are not addressed in the release 13 work item on RAN enhancements for extended DRX in LTE. Especially as the WI is not completed, it would be difficult for a release 14 work item on high speed train to account for extended DRX. Although not all of the release 8 DRX cycles may be particularly applicable for high speed train even with enhancement, nevertheless it may be difficult to agree any other upper bound since the same enhancement techniques are likely applicable for 2.56s DRX cycle as are relevant for e.g. 320ms DRX cycle and practically speaking could potentially bring benefit in some cases.
Proposal 6 (candidate solution 5) : The upper bound for candidate solution 5 is to include all DRX cycles introduced in release 8 and not to include DRX cycles being introduced in release 13.

Candidate solution 6: Enhance RRM requirements based on the estimated UE relative distance changes by the use of previous UE measurements at previous DRX ON durations (Alcatel-Lucent [R4-158183.zip])
This candidate solution appears to be based on applying an estimate of UE relative distance that will be moved using a pathloss model. For example, if the UE estimates that it is moving at relative speed of 350km/h away from a cell then it knows that it will travel approximately 125 meters further from the cell during a 1.28s DRX off duration. Hence, the additional pathloss could be considered and if this pathloss would trigger a handover then the event could (for example) be reported early. Relative distance is considered for all cell measurements, not just the serving cell, and the relative distance may be estimated using e.g. pathloss modelling, RXTX time difference (for serving cell), RSTD or Doppler frequency estimation.

Introducing distance change compensation to measurements complicates the measurements considerably, so we think some caution is needed before introducing a scheme were measurements are not just based values directly measured from the downlink signals. Especially testing of the candidate solution appears difficult and it would need to be verified how well it improves the situation, given that the distance estimation will, itself,  be subject to uncertainties. Modelling of distance change using a pathloss model also corresponds to making assumptions regarding the propagation which are not always valid.  In addition it does not address cell identification which we think is one of the most limiting aspects for high speed train mobility. Hence we propose
Proposal 7 (candidate solution 6) : Candidate solution 6 is not studied further.
Candidate solution 7: Reduce RLM (out of sync monitoring) window and RLF timers to enable quick RRC re-establishments in the target cell (Qualcomm [R4-157272])
This candidate solution is somewhat different from others, in that it does not seek to reduce the incidence of radio link failure, but attempts to enable faster recovery once RLF occurs. Certainly, if the UE detects that conditions are below Qout (out of sync) it is less likely that conditions will improve if the UE is moving with high speed compared with the non-high speed case, and so there does seem to be some justification for reducing the out of sync monitoring window. On the other hand, a shorter window will imply a less accurate decision that the UE is out of sync. The idea therefore needs further evaluation do determine how much shortening should be considered. 
In addition, changed RLM/RLF behaviour may cause difficulties in non-high speed scenarios, so we think that it may be important that if considered, this candidate solution is combined with candidate solution 4 (assistant signalling) so that the shortened out of sync monitoring window and quicker RRC reestablishment is introduced under NW control. 

Proposal 8 (candidate solution 7) : Candidate solution 7 is studied further, under the assumption that it would be network controlled.
3 Conclusions
In this contribution, we discuss all of the candidate solutions for RRC connected state DRX in the technical report for the high speed train study item. Based on the analysis we propose
Proposal 1  (Candidate solution 1): Candidate solution 1 is not evaluated further

Proposal 2 (Candidate solution 2) : DRX basic cell identification time is derived under the assumption that the UE performs cell search on every DRX cycle wake up for all DRX cycle lengths

Proposal 3 (Candidate solution 2) : DRX measurement accuracy is evaluated for different numbers of samples (effective length of measurement period) under the assumption that the UE performs a measurement sample on every DRX cycle wake up for all DRX cycle lengths
Proposal 4 (Candidate solution 3) : Candidate solution 3 is not evaluated further

Proposal 5 (Candidate solution 4) : Candidate solution 4 is taken as a working assumption

Proposal 6 (candidate solution 5) : The upper bound for candidate solution 5 is to include all DRX cycles introduced in release 8 and not to include DRX cycles being introduced in release 13.

Proposal 7 (candidate solution 6) : Candidate solution 6 is not studied further.

Proposal 8 (candidate solution 7) : Candidate solution 7 is studied further, under the assumption that it would be network controlled.
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