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1 Introduction
In RAN4#74bis, 3 contributions [1]

 REF _Ref418581882 \r \h 
[2]

 REF _Ref418581883 \r \h 
[3] dealt with DRX mobility for dual connectivity enhancement. As this was the first meeting for discussion of the enhancement under release 13, no decision was made on which approach to take for enhancement. 
In RAN4#75, there was insufficient meeting time to treat most of the contributions including our contribution in [5], and only [6] was discussed, without time to conclude on a way forward. In this contribution we present further discussion on the topic.

According to the workplan [4], the discussion on the enhancement of measurement requirements should be completed by RAN4#76 and a liaison statement sent to RAN2 to inform them of the outcome.
2 Discussion

We begin by comparing the three approaches. The main proposals can be summarised as follows
	Approach 1 : R4-151974/R4-153054 (Nokia)
Proposal 1: For dual connectivity, RAN4 should discuss applying ‘Shortest/no DRX’ for measurement requirements in PCell, when PSCell is active. 

Proposal 2: Whether UE shall apply Additional PCell measurements, when PSCell is active, is done only when configured by network.
Proposal 1: For dual connectivity, RAN4 should discuss UE applying additional measurement in PCell, when PSCell is active.

And to further limit the UE impact we propose:

Proposal 2: UE should only apply additional PCell measurements, when PSCell is active when configured by network.

	Approach 2 : R4-152147(Intel)/R4-153069 (Qualcomm)
Proposal 1: For DC enhancement, the option based on DRX state in MCG regardless of DRX state in SCG
for the inter-frequency/inter-RAT measurement in DRX should be adopted. (R4-152147)
As such, we propose to maintain the current requirements.(R4-153069)


	Approach 3 : R4-151370/R4-152852
Proposal : Network controlled signalling is introduced to over-ride the DRX state and cycle that the UE uses for intrafrequency, interfrequency and interRAT measurement objects. Absence of the signalling means follow the release 12 approach, and presence of the signalling means follow the opposite DRX state and cycle 


Some commonality between [1] and [3] can be observed. Both contributions are concerned with the scenario where a relatively long DRX cycle could be configured and active on PCell and a relatively short DRX cycle or no DRX cycle is active on PSCell. In [1], there are system simulation results which indicate that there can be up to about 4.5 more HO failures when using the Rel-12 independent DRX compared the case where we apply independent DRX with additional PCell measurements when PSCell is active.  One difference between approach 1 and approach 3 is that approach 1 addresses intrafrequency requirements on the PCell frequency, whereas approach 3 also addresses interfrequency and interRAT mobility
. As inter-frequency and interRAT mobility for release 12 dual connectivity is also based on PCell DRX cycle, our expectation is that a higher rate of inter-frequency/inter-RAT handover failure, similar to the increased radio link failure rate observed in [1] and [6] could also be expected with ongoing DRX on the PCell due to the relaxed measurement delays.

Identifying some main differences between approach 1 and approach 3, the following can be considered
· Approach 1  covers the case when PSCell is active, and not when PSCell has been configured with short (eg <80ms) DRX but is not active, whereas [3] proposes to override the release 12 DRX cycle, so could be used to ensure shorter mobility requirements also when PSCell is inactive, provided it had a short DRX cycle.

· In approach 1, t the proposed signalling to apply ‘Shortest/no DRX’ for measurement requirements for intrafrequency measurement objects on the PCell frequency, whereas approach proposes to override the release 12 signalling on a per measurement object basis.
· The signalling in approach 3 can also be used to configure the UE for power saving using a longer DRX cycle, if this is appropriate for the network deployment. For instance, according to release 12 specifications, intrafrequency measurements on the PSCell frequency should always be made according to PSCell DRX cycle/state. If the PCell DRX cycle is longer, and the PSCell deployment is a small cell deployment with discrete islands of coverage, there may be no particular benefit in requiring the UE to perform frequent measurements on the PSCell frequency.

Considering these aspects, we think that there are 3 main questions that need to be answered by RAN4

· Is the case of PSCell inactive but opeating with short DRX cycle a relevant one that should be considered in the work?
Our view is that this scenario is relevant. Since PSCell is likely to be a small cell node, from an eNB perspective it may make sense to preferentially schedule data on the PSCell, and to ensure faster start up after DRX, to use a shorter DRX cycle on the PSCell than the PCell. 

· Should enhancement be considered on a per UE basis, or a per measurement object basis?
For this topic, our preference is that the configuration is possible on a per measurement object basis (including intrafrequency). Some frequencies or RATs may be more critical for mobility, whereas others may offer opportunites for power saving. The UE does not have knowledge of the network deployment, so it seems beneficial to allow configuration on a per measurement object basis. However, since the power consumption  if some measurement objects are measured at a lower rate and others are measured at a higher rate may be dominiated by the measurement, so per UE signalling could also be considered.
· Is the possibility to configure additional power savings when a longer DRX cycle is used on one of the cells (PSCell or PCell) a relevant one that should be considered in the work?
We think that this scenario is relevant, especially for interfrequency measurements which may not be time critical and could offer opportunity for better UE power consumption. However it is a somewhat lower priority than the possibility to configure better performance when a shorter DRX cycle is used in one of the cells (PSCell or PCell).

In contribution [2] the proposal explicitly covers inter-frequency and interRAT measurements and proposes that PCell DRX cycle is followed. Since this is already done in release 12 dual connectivity enhancement, it implies that no changes need to be made. Hence related to this question, the main question which needs to be answered is:

· Is it expected that RAN4 makes enhancements to DRX measurement requirements under the dual connectivity enhancements work item in release 13?

 Our view is that the DRX measurement requirements for  release 12 dual connectivity are fully usable,  in the sense that the MeNB can configure any DRX cycle it wishes for the PCell and the corresponding requirements for inter-frequency/interRAT DRX measurements shall be met – so the network is fully free to configure any inter-frequency/inter-RAT measurement performance as needed for the deployment, up to and including the non DRX performance.  However, there appear to be 3 main issues
1. PCell DRX cycle is also used for PCell data reception (its primary purpose), so if the network, say, wishes to improve inter-frequency/interRAT mobility performance by configuring a shorter PCell DRX cycle, the UE will also be required to monitor PCell PDCCH at the faster rate which implies greater activity in both RF and baseband.

2. There is no per-measurement object configuration, so the UE must measure all inter-frequency measurement objects at a faster rate if a shorter PCell DRX cycle is configured.
3. Assuming the network could tolerate greater inter-frequency/inter-RAT measurement delay from a mobility perspective, it may not be able to achive this because of considerations related to PCell data activity.

In [7], it is concluded “In this paper we analyzed the proposal in [2] to enhance the measurements in DRX for dual connectivity. As the power consumption difference between performing measurements and monitoring DL is very limited with the right DRX configuration, we believe the extra complexity is not justified. As such, we propose to maintain the current requirements.”. One thing that we would like to emphasise about this statmenet is that there is no “right” DRX cycle. As is demonstrated in [1], RLF or handover failure will always increase as measurement delays are relaxed, so the best DRX cycle from a system performance perspective is the shortest one. However, as indicated, relaxations are justified when UEs are inactive and the failure of a procedure has less impact. The key point is that with dual connectivity the UE may be extremely active, even when the UE is in DRX state on the PCell. We acknowledge that the incremental benfits of being able to configure on a per measurement object basis may be limited if some measurement objects are measured at a faster rate, so we are also open to considering per UE signalling.
Considering that the release 13 work item is intended to consider enhancements on top of release 12 dual connectivity,  and several companies support for making improvements in this area, it seems unfortunate if the outcome of the release 13 work item is to follow the release 12 approach. We would emphasise that although release 12 dual connectivity is not broken (and thus none of the 3 issues mentioned is a showstopper) , the decisions made in release 12 were primarily intended to secure the timescale of the release 12 specification work and appear to be suboptimal from the perspective of allowing MeNB and SeNB to freely select DRX cycles and configurations based on PDCCH monitoring needs. Thus, following the approach in [2] seems to be a missed opportunity to make improvements in release 13. 
Proposal 1 : Intrafrequency, interfrequency and interRAT measurements may be configured in release 13 to follow the PSCell DRX cycle state and requirements
Proposal 2 : RAN4 discusses whether proposal 1 is applied on a per UE basis or a per measurement object basis.

3 Conclusions

In this contribution we compare different approaches to dual connectivity enhancement of DRX requirements which were presented in RAN4#74bis. Based on this we do not make any specific recommendation, but identify different aspects which RAN4 should discuss. We also provide our views on these aspects and questions.
· Is it expected that RAN4 makes enhancements to DRX measurement requirements under the dual connectivity enhancements work item in release 13?

We would emphasise that although release 12 dual connectivity is not broken (and thus none of the 3 issues mentioned is a showstopper) , the decisions made in release 12 were primarily intended to secure the timescale of the release 12 specification work and appear to be suboptimal from the perspective of allowing MeNB and SeNB to freely select DRX cycles and configurations based on PDCCH monitoring needs.
· Is the case of PSCell inactive but opeating with short DRX cycle a relevant one that should be considered in the work? 

Our view is that this scenario is relevant. Since PSCell is likely to be a small cell node, from an eNB perspective it may make sense to preferentially schedule data on the PSCell, and to ensure faster start up after DRX, to use a shorter DRX cycle on the PSCell than the PCell. 

· Should enhancement be considered on a per UE basis, or a per measurement object basis?
For this topic, our preference is that the configuration is possible on a per measurement object basis (including intrafrequency). Some frequencies or RATs may be more critical for mobility, whereas others may offer opportunites for power saving. The UE does not have knowledge of the network deployment, so it seems beneficial to allow configuration on a per measurement object basis. However, since the power consumption  if some measurement objects are measured at a lower rate and others are measured at a higher rate may be dominiated by the measurement, so per UE signalling could also be considered.
· Is the possibility to configure additional power savings when a longer DRX cycle is used on one of the cells (PSCell or PCell) a relevant one that should be considered in the work?
We think that this scenario is relevant, especially for interfrequency measurements which may not be time critical and could offer opportunity for better UE power consumption. However it is a somewhat lower priority than the possibility to configure better performance when a shorter DRX cycle is used in one of the cells (PSCell or PCell).
Based on this, we make the following proposals

Proposal 1 : Intrafrequency, interfrequency and interRAT measurements may be configured in release 13 to follow the PSCell DRX cycle state and requirements

Proposal 2 : RAN4 discusses whether proposal 1 is applied on a per UE basis or a per measurement object basis.
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