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1 Introduction

The following-up WI of performance enhancement of high speed scenarios was approved in RAN#70 plenary [1]. One of the objectives 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)
Some candidate solutions were captured in HST technology report TR36.878 [2]. According to the WID, the evaluation work shall not exceed the identified candidate solutions in SI phase. The candidate solutions are duplicated as below.

	· 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 behavior 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]).

· 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])


Last meeting several interest companies provided the viewpoint on the above candidate solutions, however no consensus was reached. In this contribution, further analysis is provided on the candidate solutions.
2 Discussion
2.1 Candidate solution 1
Candidate solution 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle;

Taking measurements as an example, the common understanding of the measurement requirements in DRX mode is that UE perform measurements once per DRX cycle, i.e., in DRX ON state. Regarding solution 1, the potential cost of performing more frequent measurement is power consumption. 
In most practical implementation, the power consumption generally divided into 2 parts: RF power consumption and demodulation power consumption. When UE performs measurement, the RF chain shall be open and the demodulation modems are working. When UE sleeps in DRX OFF state, for commercial chipset the power consumption could be reduced more than 100 times, so the power consumption during the “sleep” state could be negligible. 
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Figure 1 gives an example, in order to achieve the same measurement samples, UE perform frequent measurement and two measurement samples are spaced by DRX cycle/2. It is obvious that the power consumption considerably increased. Considering the outstanding drawback of solution 1, we suggest that solution 1 is not studied further.
Proposal 1: Candidate solution 1 is not studied further.
2.2 Candidate solution 2
· Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);

Solution 2 was first proposed in [R4-155792], the main idea is to reduce the cell identification delay and measurement period requirements without additional wake up activity in DRX. In order to constraint all UE’s behavior, the enhanced minimum requirements could be specified under high speed scenarios. In other words, under high speed scenarios, UE shall satisfy the enhanced cell identification and measurement period requirements. 
For example, the cell identification is reduced to 5*DRX cycle and measurement period is reduced to 3*DRX cycle. It doesn’t mean that UE need to additionally wake up in DRX OFF in order to achieve fast cell identification and measurements. It means that UE has the capability to complete the cell identification and measurement without additional power consumption within the decreased duration. So the power consumption of solution 2 is reduced significantly compared with solution 1. 
[3] gives the link level evaluation of cell identification delay in IDLE state. In our understanding, the same cell identification performance in idle state could be applied to connected state. 
Regarding measurement accuracy, in Rel-8 the baseline assumption is that 5 samples would be sufficient to meet the measurement accuracy requirements. Back to high speed scenario, the raising concern is that whether the enhanced measurement period could satisfy the measurement accuracy. To address the question, the link level evaluation for measurement is given in [4]. The simulation results show that the 3 measurement samples could satisfy the measurement accuracy requirements.
Furthermore the system level evaluation are given in [5], the mobility performance is good with enhanced cell identification and measurement requirements.
Proposal 2: Solution 2 performs well from the link level and system level evaluation perspective.
2.3 Candidate solution3
· 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]);
Solution 3 was first proposed in [R4-156050]. The detailed description is as below,

“In order to achieve good mobility performance the UE should increase the measurement activity around the hand over region. The agreed scenarios are quite predictable so there may be some ways to trigger the measurements appropriately. For example, the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold. This RSRP threshold could be configured by the network for the specific deployment scenario.”
The essential idea of the solution is increasing the UE measurement activity and at the same time reducing the power consumption to some extent. This solution could be regarded as solution 1 plus a trigger condition. 
From power consumption perspective, compared with solution 2, the power consumption of this solution could not be negligible since if the trigger condition is triggered, the frequent measurement would be performed, and the power consumption would increase accordingly.

From mobility performance perspective, the solution faces the challenge of robustness. On one hand, although the UE is moving along the rail track, it is hard to draw the conclusion that the received power (e.g., RSRP) is absolutely predictable for example, due to shadow fading etc. The potential risk is the fast measurement activity could not be triggered in time. That would finally result in mobility performance degradation. So the robustness of this solution is questionable. On the other hand, it is difficult to configure a suitable RSRP threshold. If the threshold is set lower, the benefit of power consumption is not outstanding; if the RSRP threshold is set higher, the fast measurement activity may be triggered later, and then the benefit of the fast measurement may be not distinct. Based on these reasons, we suggest that solution 3 is not studied further.
Proposal 3: Candidate solution 3 is not studied further.
2.4 Candidate solution4
· Candidate solution 4: Network provides the assistant information to UE such that UE have different behavior compared to the legacy UE (Intel);
No related contribution provided for this solution, and the solution is proposed online. It is ambiguous what is the assistant information and what is the different UE behavior after UE receive the signaling indicator. However we think if the solutions coming from the SI phase are mutually complementary, it is good to consider the combination manner. So this solution could be combined with solution2.
Proposal 4: Solution4 could be combined with solution2.

2.5 Candidate solution5
· Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).
This method could be regarded as candidate solution 2 with the upper bound restriction. So far as the WI goes, it is hard to guarantee that with the enhanced requirements all DRX cycles (exception of eDRX) could be applicable for high speed scenario. Further evaluations are needed. In fundamentally, whether the enhanced RRM requirements are defined for a part of DRX cycles (not including the very long DRX) or the enhanced RRM requirements are defined for all DRX cycles is how to define the enhanced requirements in high speed scenarios. This work could be discussed in the later phase of the WI till sufficient analysis and evaluation has been done. 
Proposal 5: Solution 5 could be regarded as candidate solution 2 with the upper bound restriction and could be discussed in the stage when defining the enhanced requirements.
2.6 Candidate solution6
· 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])
Three methods are presented in [R4-158183]: based on UE Rx-Tx time difference measurements, based on RSTD measurements and based on estimated UE speed (or Doppler frequency). The maim thinking of these methods is:
“If the change of the distance between the BS and the UE is known or can be derived, the changes of DL power and the RRM measurements associated with the received DL power may also be derived or improved by the use of a path-loss model without the necessary to increase the UE measurement activity.”
In principle, we agree with the viewpoint in [R4-160533] that introducing a scheme which is not based on the real value UE measured shall be careful. It would need to be verified the benefits and how well it could improve the performance. 

In addition, some error factors are introduced in this solution:

(1)Difference between the real RSRP and estimated RSRP derived by path-loss model
(2)Error introduced in SFN scenario
· Difference between the real RSRP and estimated RSRP derived by path-loss model
Some simple and empirical models are Okumura-Hata, Hata, Walfisch-Ikegami, etc which depend on the terrain, physiognomy, antenna height etc. These models are just characteristic model and they are hard to perfect describe the real propagation condition. 
· Error introduced in SFN scenario

The next issue is how to predict RSRP in SFN scenario by using UE Rx-Tx time difference or RSTD. 
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Figure 2. Error introduced in SFN scenario

Taking UE Rx-Tx time difference based method as an example, for SFN scenario, RRHs are deployed with the identical PCI. UE receives CRS signals from different nodes sharing the same PCI and it is unclear to UE where the corresponding CRS signal comes from actually. In Figure 2, when UE is in position A, the first detect path may come from RRH1. However when UE moves to position B, the first detect path may come from RRH2.The estimated RTT is based on the measurement of timing of the strongest anchor point, but UE doesn’t know the changes of anchor point. In this case, the estimated RSRP will be wrong. In this case, large error would be introduced.
 Based on the above analysis, we suggest that solution 6 is not studied further.

Proposal 6: Candidate solution 6 is not studied further.
2.7 Candidate solution7
· 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])

The Qout and Qin evaluation periods when DRX is configured are defined as multiple times of DRX cycles shown as below. 
Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in clause 7.6.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	   Note 1 (20)

	0.04 < DRX cycle ≤ 0. 64
	   Note 1  (10)

	0.64 < DRX cycle ≤ 2.56
	Note 1  (5)

	Note 1:
Evaluation period length in time depends on the length of the DRX cycle in use 

Note 2: 
MCG’s DRX configuration is applied for PCell RLM evaluation and SCG’s DRX configuration is applied for PSCell RLM evaluation


In DRX mode operation, the physical layer in the UE shall once every DRX period assess the radio link quality, evaluated over the previous time period defined in above table, against thresholds (Qout and Qin). Take 320ms DRX cycle as an example, the radio link quality evaluation result is averaged over previous time period of 3200ms. Assume that the speed of UE on board is 350km/h, then UE may travel about 311m during this period. It means that the radio link quality was evaluated every 311m. Considering fast variety of channel quality under high speed scenarios, averaging measurement samples over such a long distance might not reflect radio link quality correctly. Thus UE may not be able to trigger RLF in time when travelling away the serving cell and the radio link quality becoming worse.
Upon detecting physical layer problems for the PCell, i.e. upon receiving N310 consecutive out-of-sync indications from lower layers, UE will start timer T310. When the T310 is running, upon receiving N311 consecutive in-sync indications from lower layers for the PCell, or upon triggering the handover procedure and upon initiating the connection re-establishment procedure, UE will stop the timer T310 and deem to recover from out-of-sync. Otherwise if T310 expiries, UE will go to RRC_IDLE and initiate the connection re-establishment procedure.
However, reducing the Qout and Qin evaluation periods or T310 timer is harmful to the robustness of radio link monitoring. UE may declare RLF more frequently. For instance, when a train enters a coverage hole, e.g. go through a very short tunnel, radio link quality will decrease severely in a very short period and then recover immediately as the train leaves the coverage hole. In this case, short Qout and Qin evaluation periods or T310 will cause RLF, which could be avoided by longer Qout and Qin evaluation periods or appropriated T310 configuration.
In addition, the RRC connection re-establishment procedure is initiated upon detecting radio link failure. Upon initiation of RRC connection re-establishment procedure, UE performs cell selection procedure. Cell selection procedure includes cell identification, measurement and cell evaluation etc. Based on the field data and practical testing data, the RRC re-establishment delay is more than 1s. So high RRC connection re-establishment rate is not expected and it would degrade the system performance.
Based on the above analysis, Reducing RLM window and RLF timer can enable quick RRC re-establishment, and decrease the robustness of RLM and results in high HO failure rate.  
Proposal 7: Reducing RLM window and RLF timer can enable quick RRC re-establishment, and decrease the robustness of RLM and results in high HO failure rate. The benefit of solution 7 needs further study.
3 Conclusion

This contribution provides further analysis on the candidate solutions in DRX in connected mode under high speed scenarios. The following proposals are provided:

Proposal 1: Candidate solution 1 is not studied further.
Proposal 2: Solution 2 performs well from the link level and system level evaluation perspective.
Proposal 3: Candidate solution 3 is not studied further.
Proposal 4: Solution4 could be combined with solution2.
Proposal 5: Solution 5 could be regarded as candidate solution 2 with the upper bound restriction and could be discussed in the stage when defining the enhanced requirements.

Proposal 6: Candidate solution 6 is not studied further.
Proposal 7: Reducing RLM window and RLF timer can enable quick RRC re-establishment, and decrease the robustness of RLM and results in high HO failure rate. The benefit of solution 7 needs further study.
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