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1 Introduction
Rel-14 WI [1] on performance enhancements for high speed was approved at RAN#70, and has been discussed in RAN4#78. During the meeting, the focus was the RRM requirements (mainly cell detection delay and measurement period) for high speed with DRX, as the mobility performance is seen as problematic with current requirements. The candidate solutions from the SI phase were analyzed, and it is expected that some down-selection and combination will happen in the WI phase. Proposals on the system level simulation assumptions were also provided as references for evaluating the mobility performance with different RRM requirements.   
In this paper, based on the discussions in the previous meeting and our system level simulation results, we will provide our updated views on the UE RRM requirements for high speed.
2 Discussion
The candidate solutions identified from the SI phase are listed below. As the mobility problem is rather similar for idle and connected mode, and solutions for connected mode form a superset of solutions for idle mode, we will focus our discussion on connected mode. We think it is possible to use the connected mode solution also for idle mode if applicable, and otherwise RAN4 can discuss the solutions specifically for idle mode later. 
	Idle mode

●
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]).

	Connected mode

•
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]).
•
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 current RRM requirements for DRX are defined assuming UE performs RRM activities once per DRX cycle, i.e. is performing cell detection and/or measurements once per DRX cycle when the DRX cycle is 40ms or more. Therefore, the cell detection delay requirements and measurement requirements are scaled with the DRX cycle. Obviously in high speed scenarios and with long DRX cycles, it will be challenging for the UE to detect, measure and timely report a triggered measurement event and result to the network with the potential HO target cell, hence causing late HO (HO failure or RLF).
The DRX cycle length ranges from 2ms to 2560ms, and it is clear that not all the DRX cycles are suitable (in mobility perspective) in high speed scenarios, even with enhanced requirements, if mobility robustness and errors needs to be considered. In RAN4#78 it was discussed whether a breaking point of DRX cycle length is needed, i.e. if UE is configured with larger DRX cycle than the breaking point, the current DRX requirements which are scaled with DRX cycle cannot provide sufficient mobility performance. 

In our understanding, such a breaking point exists but is highly dependent on network deployment such as the inter-site distance, antenna configuration or expected UE speed, etc. As shown in our companion simulation paper [2], the mobility performance is not satisfactory with 350km/h even when applying enhanced RRM requirements and 160ms DRX cycle. Therefore, it may not be proper to fix the breaking point in the specification but this should be left to network implementation or configuration based on the deployment scenario. If network configures UE to follow DRX for RRM activities, UE would still performs RRM activities once per DRX cycle to meet the minimum requirement which may be enhanced based on discussions. This corresponds to Candidate Solution 5.  
Proposal 1: Network may configure UE to follow DRX for RRM activities or not.

It should be left to the network to configure the UE with any valid DRX cycle independently of the (deployment dependent) breaking point, and our view is that we should avoid any restrictions on network configuration within the defined DRX cycles. In such cases where the deployment scenario proofs it difficult to support HO based mobility for some high speed UEs, the UE should performs more frequent RRM activities than once per DRX cycle. This corresponds to Candidate Solution 1 and 3. One question would be: why wouldn’t the network just configure short DRX in the beginning? The reason we think are the other non-high-speed UEs in the area, i.e. there will most likely exist both high speed and non-high-speed UEs within the coverage of the cell which the high speed train passes through, and network cannot distinguish which UEs are high speed and which are not, so always configuring short DRX for all UEs will negatively impact the power consumption of non-high-speed UE with long DRX cycles.

One key problem to solve when requesting the UE to perform RRM activities more frequently than once per DRX cycle is how to minimize the impact on the power saving of non-high-speed UE. Candidate Solution 3 proposes to only enable the more frequent RRM activities when serving cell no longer is in good condition. This could be considered, but one issue with this solution is how high speed UE can identify the serving cell problem in a timely manner and ensure that additional measurements are taking early enough? Another issue is non-high-speed UE still suffers the additional power consumption for the unnecessary more frequent RRM activities.  
One solution to the problem is to indicate to the UE that it should perform more frequent RRM activities during a limited time period after HO (or reselection) to a cell. This would ensure that the UE has measurement results for the potential new HO target cell in a timely manner even if long DRX cycle is in use – cost will of course be that the DRX power saving is compromised. While this solution ensures the robust mobility for high speed UEs, it will at the same time have limited impact on non-high-speed UEs. In addition, the solution is very simple in the sense that it does not require network to distinguish high speed and non-high-speed UEs, which is a rather difficult network issue.
Proposal 2: Network may configure UE to perform RRM activities more frequently than once per DRX cycle within a time period after HO. 

Besides the UE/network behaviour around the breaking point of DRX cycle as discussed above, another important issue RAN4 should address is the enhanced requirements, which will impact the mobility performance of both short and long DRX. This corresponds to Candidate Solution 2. In RAN4#78, system level simulation assumptions were proposed where for the cell detection delay of 5 DRX cycles and measurement period of 3 DRX cycles are used as enhanced requirements. The main purpose of the system level simulation is to evaluate to what extent the RRM requirements should be enhanced to support the mobility of short DRX cycle.  
In our view, another aspect of the enhanced RRM requirements should be discussed at the same time, i.e. the feasibility. The link level simulations during the SI phase show that current requirements of cell detection delay and measurement period can be re-used in high speed scenarios (without sacrificing the detection reliability or measurement accuracy), but it is still to be discussed whether and to what extent the enhancement is feasible. 

Yet another aspect is the applicability of enhanced requirements. From the discussions so far, it seems the requirement enhancements are generic, i.e. it does not rely on any specific characteristic of high speed scenarios, so the question one would ask is whether the enhanced requirements discussed for high speed can also apply to non-high-speed scenarios. It also relates to the question whether enhanced requirements should be applied under network control.    
Proposal 3: RAN4 to study the feasibility of enhanced RRM requirements and its applicability.

Another RRM area that was mentioned but not extensively discussed in RAN4#78 is the RLM. Current RLM requirements is also scaled with DRX cycle, which means it is possible that Out-of-sync indication may be triggered late (when radio link quality is already below Qout). Candidate Solution 7 is proposing to reduce the RLM evaluation period from 5 DRX cycles to 1. Some companies also proposed during the SI phase to utilize T312 to trigger RLF in a more timely manner, thus reducing the outage time. 
Our initial simulation results in [2] show that use of T312 can help to reduce the outage time, but the gain is not so big. We think it is meaningful for RAN4 to further study the impact of RLM evaluation time on the high speed mobility. As HO based mobility is still the preferred mobility scheme, the study on the RLM requirements could be done after RAN4 concludes on the cell detection and measurement requirements.
Proposal 4: RAN4 to study the impact of RLM requirements for high speed mobility. 

So far we have discussed the breaking point of DRX cycle (Candidate Solution 5), possible more frequent RRM activities than once per DRX cycle (Candidate Solution 1 and 3), enhanced RRM requirements (Candidate Solution 2) and enhanced RLM requirements (Candidate Solution 7). 

For Candidate Solution 4, we think more details are needed from proponents, e.g. what kind of assistant information is seen as needed compared to those existing in the specification, what kind of new UE behaviour is expected and which kind of UE performance can be achieved. For Candidate Solution 6, we think it could be used in UE implementation but it is very difficult to define performance requirements based on it.   
3 Conclusions 

In this paper, based on the discussions in the previous meeting, we provided our views on the RRM requirements for high speed scenarios. We went through different aspects, including the breaking point of DRX cycle, possible more frequent RRM activities than once per DRX cycle, enhanced RRM requirements, and enhanced RLM requirements.    
We have the following proposals:

Proposal 1: Network may configure UE to follow DRX for RRM activities or not.
Proposal 2: Network may configure UE to perform RRM activities more frequently than once per DRX cycle within a time period after HO.
Proposal 3: RAN4 to study the feasibility of enhanced RRM requirements and its applicability.
Proposal 4: RAN4 to study the impact of RLM requirements for high speed mobility. 
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