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1 Introduction
In previous meetings it has been agreed to enhance reselection performance for RRC connected mode with DRX in high speed scenarios. It was also agreed to request a per cell indication that high speed requirements should be applied. The indication may be provided in broadcast information and handover commands. In this contribution we consider remaining work for high speed enhancements in RRC connected state.

2 Discussion

2.1 Remaining solutions under consideration
In previous meetings progress has been made on down selection of the solutions for RRC connected mode with DRX. In our understanding solutions 1, 6 and 7 are agreed not to be studied further, so solutions 2,3,4 and 5 remain for consideration. It was also agreed not to study solutions for CA (deactivated SCell measurement) or DRS based measurements.

Solution 2
In our understanding there was agreement on solution 2 in RAN4#80 as it is highlighted in the chairman’s notes

	Proposal 1 (Candidate solution 2) : Cell identification and measurement requirements in DRX for high speed scenarios are enhanced


What remains is to define the level of enhancement. A very similar approach to idle mode could be used, since the main difference between idle mode mobility and RRC connected mode mobility is just that measurements are reported to the network to make RRM decisions rather than being used internally by UEs for reselection evaluation. Hence we propose
Proposal 1: A measurement period of 3 *DRX cycle length can be specified, at least for intrafrequency meaurement
Proposal 2: The baseline assumption for cell identification is that the UE performs intrafrequency cell search on each DRX cycle

Proposal 3: Cell identification is specified in high side condition (Es/Iot= [0] dB), and the raw detection period is 1DRX cycle
Proposal 4: The cell identification requirement is specified as 3DRX cycles at least for intrafrequency measurement
Similar considerations also apply for power consumption in idle and RRC connected state. There will inevitably be an unavoidable increase in UE power consumption when performance is enhanced, but we think this enhancement would still allow for power consumption at a reasonable level and the network should not configure enhanced requirements when they are not needed for the good operation of the system.
Solution 3
Two variants of solution 3 have been discussed previously in RAN4.

Solution 3a: A threshold on serving cell measurements
Under this solution, the UE performs faster measurements (i.e. more than once per DRX cycle which is already implied by solution 2 when the serving cell is weak. One concern with this solution is robustness, since good performance in a high speed scenario is conditional on a 2 stage process – first the UE needs to determine (via measurements) that the faster measurements need to be enabled and then it needs to detect the target cell. The robustness issue can be overcome to an extent by using a conservative threshold to start the faster measurements early. However, this is likely, in practice, to lead to faster measurements being used for much of the time, and the benefit of solution 3a over just performing faster measurements all the time can be questioned.

Solution 3b: Timer based solution 

Under this solution faster measurements (more than once per DRX cycle) are always initiated after handover, and if the UE does not receive another handover command within a certain time period, the measurement rate drops back to a lower rate. The scheme is essentially a UE based mobility state scheme and indeed could be generalised to something very similar to the mobility state estimation scheme in earlier releases used for parameter scaling 

General handover (or reselection) counting for mobility state estimation: If there have been N handovers (or reselections) within the last X seconds then use faster measurement otherwise use normal measurement
The scheme discussed until now in RAN4 uses N=1, and it is likely that X would need to be configurable 

The key questions to answer are 

1. Whether such a scheme is needed? Earlier work has indicated that it may be needed, at least for the longest non DRX cycles. RAN4 has also discussed that there is then a link between this solution and solution 5, since it would not be needed for some shorter DR cycles

2. What parameter ranges to use for the scheme. E.g. if N=1 (the scheme earlier proposed in RAN4) then a typical setting could be calculated using ISD and UE velocity. For example, with 1000m ISD and 350km/h operation, the UE transits a cell in approximately 10s so a reasonable value for X seems to be in the range of 10-20 seconds. However, this is deployment dependent so it seems that configurability is necessary

3. What is the enhanced performance? In our view, this may be the more difficult aspect to address since the scheme implies multiple UE wake up per DRX cycle, which is a new concept in RAN4. A concept of a “virtual DRX cycle” or measurement cycle could be introduced, and an obvious choice would be to have an integer relationship between the virtual DRX cycle and the actual DRX cycle. In other words, the UE may wake up an integer number such as 2, 3 or 4 times during the DRX cycle to measure, and we could expect that performance requirements corresponding to this cycle would be met. Note that this should be based on top of solution 2, i.e. solution 2 would already imply a measurement period of 3*1280ms=3840ms for a 1280ms DRX cycle, so if the virtual DRX cycle requirements are considered based on a wake up of 4 times per DRX, the required measurement period becomes 3840/4 = 960ms
4. Robustness: When enabled, this scheme will imply increase power consumption during the period X when faster measurements are made. Even if UEs are not moving with high speed they will need to do faster measurement during period X. From a robustness point of view it is desirable to make X larger (to cover cases where the ISD may be slightly larger than assumed or the handover may otherwise occur slightly late). From a power consumption point of view it is desirable to tune X to be as small as possible, especially as waking up in mid DRX off time will have a very significant power consumption impact/cost. This means that X represents a trade-off, with more robust settings representing also more power consuming settings.
5. Signalling: For this scheme, at least X needs to be signalled. It may also be desirable to signal the number N of handovers over which mobility state estimation is done (for instance the criteria for faster measurements could be 2 handovers in the last 40s rather than 1 handover in the last 20s) which allows for some kind of averaging making the impact of different ISDs etc. slightly easier to manage, and making the scheme more robust to ensure that non high speed UEs do not make faster measurements. Finally, the ratio between configured DRX cycle and virtual DRX cycle may be signalled, or may be hard coded in specifications. 

Release 14 ASN.1 should be completed by March 2017, which means there is limited time to agree any further signalling needed from RAN2.

Based on these considerations, we think that as discussed in RAN4 it might be better to consider solution 5 and limit the DRX cycle applicability.

Proposal 5: Solution 3 is not considered further 

Solution 4: Signalling assistance
As assistance information on a per cell basis to indicate that high speed requirements should be met is already agreed, solution 4 is included to an extent already. The remaining discussions are around assistance information on the likely target cell(s) which may allow the UE to test fewer hypothesis in cell detection. One important benefit of LTE over WCDMA has been that it is possible to operate without an explicit neighbour cell list while still obtaining reasonable measurement minimum requirements (release 8 minimum requirements are not conditional on providing any PCI list). Since the provisioning of an NCL has a significant cost in the network deployment, various aspects would need to be understood e.g.
1. What minimum requirements will be specified when there is 1PCI in the NCL, 2 PCIs etc. Networks are unlikely to provide explicit PCIs unless there is a clear motivation that they will result in improved minimum requirements, and 2 PCI lists are a likely case to cover trains moving in both directions. If UE direction is known, there may be scenarios where 1PCI lists could be provided but the complexity is higher. There will also be other scenarios such as passing through a station, or reaching a junction in the track when larger numbers of PCI are candidates. So it needs to be better understood how much different sizes of PCI will enhance the minimum performance

2. What happens if there is another cell present which is not in the NCL? In UTRA there is a detected set concept, albeit with very reduced minimum requirements. For LTE, the UE could perform both types of cell search in parallel, so that it is expected to report listed PCIs with enhanced performance and unlisted PCIs with existing performance. This covers scenarios where the NCL is not perfect and is also linked to (1) – for instance at a station the PCI list would not need to cover all neighbour cells, just the ones on the high speed track which non stopping trains are making use of.
3. Whether to reuse legacy signalling (such as indicating an NCL using a list of cells with 0dB individual cell offset) or to introduce new signalling. However, this may be more of an issue for RAN2 to consider if the scheme is introduced.

Once these questions are answered, an informed decision can be made on the benefits of an explicit NCL. However, we again emphasize the need to conclude in time for release 14 ASN.1 freeze.

Proposal 6: If questions 1 and 2 can be answered in time for RAN2 to define any necessary signalling then signalled assistance information containing explicit PCIs and corresponding RAN4 enhanced minimum requirements when it is used can be specified.

Solution 5: Limiting DRX cycles considered
This is not really a solution, but more of an acknowledgement that certain DRX cycles are not useful for high speed scenarios. It was already agreed not to use eDRX, for DRX further discussion could take place e.g. for 2.56s DRX and possibly for 1.28s. However, simulation studies in RAN4 cannot cover all potential deployments, so some caution is also needed with the approach. We are really talking about DRX cycles where the enhanced requirements (solution 2), or enhanced requirements with explicit PCI (solution 4) can never work in any deployment, so if there is some doubt, it is safer to define the requirement and the additional work for UE implementation may not be so large, considering that solution 2 is quite generic. If there is uncertainty about the usefulness of some DRX cycles, a possible compromise would be to define the requirement but also to agree that test cases are specified for more typical cases. For instance, 1.28s could be agreed to be below the cut-off point (i.e. included in core requirement) but testing could be based on 640ms as a more typically used DRX cycle with enhanced requirements in high speed.
Proposal 7: Solution 5 is discussed further, possibly considering testing issues along with core requirements at the same time.
3 Conclusions
In this contribution we discuss further issues related to high speed requirements in RRC connected with DRX and for each of the remaining solutions we make the following proposals:
Solution 2

Proposal 1: A measurement period of 3 *DRX cycle length can be specified, at least for intrafrequency measurement
Proposal 2: The baseline assumption for cell identification is that the UE performs intrafrequency cell search on each DRX cycle

Proposal 3: Cell identification is specified in high side condition (Es/Iot= [0] dB), and the raw detection period is 1DRX cycle
Proposal 4: The cell identification requirement is specified as 3DRX cycles at least for intrafrequency measurement
Solution3
Proposal 5: Solution 3 is not considered further 

Solution 4
Proposal 6: If questions 1 and 2 below can be answered in time for RAN2 to define any necessary signalling then signalled assistance information containing explicit PCIs and corresponding RAN4 enhanced minimum requirements when it is used can be specified.

1. What minimum requirements will be specified when there is 1PCI in the NCL, 2 PCIs etc.?

2. What happens if there is another cell present which is not in the NCL
Solution 5
Proposal 7: Solution 5 is discussed further, possibly considering testing issues along with core requirements at the same time.
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