3GPP TSG-RAN WG4 Meeting # 73
R4-147465
San Francisco, USA,  17-21 November, 2014
Agenda Item:
7.13.3.5
Source: 

Ericsson

Title: 
DRX cycle for inter-frequency and inter-RAT measurement in dual connectivity
Document for:
Discussion
1 Introduction
During RAN4#72bis, discussion took place on DRX measurement requirements for dual connectivity, and following the meeting there was further email discussion. For the meeting discussion, the outcome was a liaison statement to RAN2 which included decisions about the DRX measurement requirements
	· For intra frequency measurement

· Requirement of the measurement accuracy is based on the DRX cycle of the serving cells

· PCell follow MCG DRX cycle

· PScell follow SCG DRX cycle

· For inter frequency measurement

· Option 1: MCG DRX cycle is used

· Option 2: DRX cycle which is used for determining the requirement of the measurement accuracy is decided by NW signaling per UE.
RAN2 should start signaling design from RAN2 #88 meeting on option 2, but which option will be adopted shall depend on the final decision from RAN4 in RAN4 #73 meeting. The argument in RAN4 for these two options focus on mobility performance or power consumptions.


The email discussion covered the choice between option1/option 2 for interfrequency measurement and addressed the following questions

	· Issue 1: Shall UE follow the following rules?
· Intra-frequency measurement requirements of PCell shall be based on DRX state in MCG.

· Intra-frequency measurement requirements of PSCell shall be based on DRX state in SCG.

(i) Which condition shall be used to determine whether applying measurement requirements when DRX is used or measurement requirements when no DRX is used.
· Issue 2: Which Option shall be used?
· Option 1: Based on DRX state in MCG regardless of DRX state in SCG
· When DRX is used in MCG, apply measurement requirements when DRX is used
· When DRX is not used in MCG, apply measurement requirements when no DRX is used
· Option 2: Based on DRX state combination of MCG and SCG,
· Only when DRX is used in both MCG and SCG, apply measurement requirements when DRX is used. 
· Otherwise, apply measurement requirements when no DRX is used.
· Option 3: Based on DRX state in the CG which is decided by NW signalling per UE.

(i) If measurement requirements when DRX is used is applied in the above, which DRX cycle shall be used to determine the requirement of the measurement accuracy.

· Issue 3: Which option shall be used?
· Option 1: Based on DRX cycle in MCG regardless of DRX in SCG
· Option 2: Based on DRX cycle in the CG which is decided by NW signalling per UE


For issue 1, there appears to be consensus that the UE should follow the following rules for intra-frequency DRX state determination.

· Intra-frequency measurement requirements of PCell shall be based on DRX state in MCG.

· Intra-frequency measurement requirements of PSCell shall be based on DRX state in SCG.

This also appears to be confirmed in the email discussion on the DRX requirements. Therefore, we consider issues 2 and 3 further in this contribution.

2 Discussion

We begin by reviewing the basis for relaxing measurements in DRX, starting from single carrier requirements in release 8. In simple terms, increased delay in UE cell detection and measurement is always likely to result in degraded performance at system level, since the needed RRM performance to maintain a connection depends on deployment aspects and factors such as UE velocity. For example, when UEs are using DRX, the radio link failure rate is likely to be significantly higher than if the same UE was not using DRX. On the other hand, the impact to both the user experience and system is less when a UE is not transmitting and receiving much data, and power saving is clearly more critical when a UE becomes less active. So the trade-off between good system performance and good UE power consumption is different when UE become less active. This is the fundamental basis for the measurement relaxations in DRX. The key point, which we would like to emphasise, is that the time available to perform a mobility procedure such as detecting an interfreqency cell, reporting a measurement and completing interfrequency handover is a function of the network deployment, UE velocity and so on, and there is not fundamentally any additional tolerance to delays when such a UE is using DRX compared with non DRX. However, the consequences of an RRM procedure failing become somewhat less significant with increasing use of DRX, and this is the basis for being able to allow relaxation for power saving purposes.
Observation: Minimum requirements for RRM delays depend in principle on deployment scenarios and UE velocity. However the impact of failed procedures is less for inactive UEs with large DRX and the need to save power is greater for inactive UEs with large DRX.
When we consider dual connectivity, the MCG and SCG may be configured to have completely independent DRX cycles. Thus, it is an allowed configuration (for example) to have a longer DRX cycle for the MCG and a shorter DRX cycle for the SCG. Maintaining a connection to the PCell is clearly critical to the possibility to transfer data on the PSCell so it might not be appropriate to relax performance in this case according to the PCell DRX cycle. Since the UE may anyway be rather active in transferring data on the PSCell, the benefit of power saving by relaxing the inter-frequency and inter RAT measurement requirements in this case may be rather small, and at the same time, the impact of failed mobility procedures may be large.
Alternatively, it is also allowed to have a shorter DRX cycle for the MCG and a longer DRX cycle for the SCG. It might (depending on network deployment and UE velocity) sometimes be acceptable to relax inter-frequency and inter RAT measurement delays in this case according to the longer PSCell DRX cycle to allow UEs to save power.
Given the earlier observation, we see no direct linkage between mobility being performed on the PCell and the DRX measurement relaxations being optimally performed according to the PCell DRX cycle.
Another aspect which we would like to highlight is that interfrequency measurements may be configured for other reasons than PCell mobility. For example, an interfrequency measurement object may be configured as a candidate frequency where a new PSCell may be found. Since the UE has no information about why interfrequency (or interRAT) measurement objects have been configured, it appears necessary to provide guidance on which of the two DRX cycles to follow.
During the email discussion of DRX measurement requirements, a number of companies expressed a preference that the UE follows the PCell DRX cycle. We would like to emphasise that in the worst case this may force the network to configure a shorter DRX cycle on the PCell than is needed for PDCCH monitoring and data reception, simply to ensure that the interfrequency and inter RAT measurement performance is sufficient. In other scenarios it may lead to more UE measurement activity and thus power consumption than is strictly necessary, eg if the PCell DRX cycle is relatively short for data reception purposes but the inter-frequency and interRAT measurements are tolerant of more delay (for instance, if there is good intrafrequency coverage).

 We do acknowledge that there may often be circumstances in which the MCG DRX cycle is an appropriate basis for the interfrequency or interRAT measurement performance. As discussed in the email discussion, we propose
Proposal 1: By default, measurement requirements are based on the MCG DRX cycle for dual connectivity if no signalling is sent, but per UE signalling may be used to override this such that when the signalling is sent, measurement requirements are based on the SCG DRX cycle.
Next we consider issue 2; if option 1 is adopted, it does not seem appropriate to follow the MCG as far as DRX state determination is concerned. For example, if the UE is using DRX for the MCG but is not using DRX for the SCG, and signalling has indicated to use the SCG DRX cycle to determine requirements, then it seems reasonable that such a UE should perform non DRX based interfrequency and interRAT measurements.
Option 2 means that only when DRX is used in both MCG and SCG, apply measurement requirements when DRX is used. Otherwise, apply measurement requirements when no DRX is used. Although this option would give the best system performance, it seems pessimistic from a power consumption point of view. Considering that DRX state will apply independently on MCG and SCG, the opportunities to apply DRX measurement requirements could be a rather limited under option 2 even though each serving cell frequency has periods when DRX is applied.
For this reason, we think that option 3 is more appropriate for issue 2.
Proposal 2: For issue 2, the interfrequency and inter RAT DRX state is determined from the cell group which is used to determine the interfrequency and inter RAT measurement performance (i.e. option 3 is adopted)

In summary, we support the following options for each issue

	Issue 1
Shall UE follow the following rules?
· Intra-frequency measurement requirements of PCell shall be based on DRX state in MCG.

· Intra-frequency measurement requirements of PSCell shall be based on DRX state in SCG.


	Yes

	Issue 2

Which condition shall be used to determine whether applying interfrequency/inter RAT measurement requirements when DRX is used or interfrequency/inter RAT measurement requirements when no DRX is used.
· Option 1: Based on DRX state in MCG regardless of DRX state in SCG
· When DRX is used in MCG, apply measurement requirements when DRX is used
· When DRX is not used in MCG, apply measurement requirements when no DRX is used
· Option 2: Based on DRX state combination of MCG and SCG,
· Only when DRX is used in both MCG and SCG, apply measurement requirements when DRX is used. 
· Otherwise, apply measurement requirements when no DRX is used.
Option 3: Based on DRX state in the CG which is decided by NW signalling per UE
	Option 3

	Issue 3: Which option shall be used?
· Option 1: Based on DRX cycle in MCG regardless of DRX in SCG
· 
Option 2: Based on DRX cycle in the CG which is decided by NW signalling per UE
	Option 2, with default setting that the requirements follow the MCG


3 Conclusions
In this paper, we discuss the remaining open items for DRX measurement in dual connectivity, which have also been discussed in RAN4 email discussion.

Issue 1 seems to be non-controversial, and we propose that the UE shall follow the rules in  the email discussion
· Intra-frequency measurement requirements of PCell shall be based on DRX state in MCG.

· Intra-frequency measurement requirements of PSCell shall be based on DRX state in SCG.

We next consider issue 3. We observe that reducing measurement performance is always likely to have negative impact to the system (egg increased RLF rate) while the benefit is allowing UEs to save power. For single connectivity, we make the following observation:

Observation : Minimum requirements for RRM delays depend in principle on deployment scenarios and UE velocity. However the impact of failed procedures is less for inactive UEs with large DRX and the need to save power is greater for inactive UEs with large DRX.
Considering dual connectivity, the two DRX cycle may be configured independently of each other. Thus, it is an allowed configuration (for example) to have a longer DRX cycle for the MCG and a shorter DRX cycle for the SCG. Maintaining a connection to the PCell is clearly critical to the possibility to transfer data on the PSCell so it might not be appropriate to relax performance in this case according to the PCell DRX cycle. 

Alternatively, it is naturally also allowed to have a shorter DRX cycle for the MCG and a longer DRX cycle for the SCG. It might (depending on network deployment and UE velocity) be acceptable to relax inter-frequency and inter RAT measurement delays in this case according to the longer PSCell DRX cycle to allow UEs to save power.

Another aspect which we would like to highlight is that interfrequency measurements may be configured for other reasons than PCell mobility. For example, an interfrequency measurement object may be configured as a candidate where a new PSCell may be found.

Proposal 1 :By default, measurement requirements are based on the MCG DRX cycle for dual connectivity if no signalling is sent, but per UE signalling may be used to override this such that when the signalling is sent, measurement requirements are based on the SCG DRX cycleFinally, we consider issue 2. Both option 1, and option 2 have disadvantages which are discussed further in the contribution. Hence we propose

Proposal 2 : For issue 2, the interfrequency and inter RAT DRX state is determined from the cell group which is used to determine the interfrequency and inter RAT measurement performance (i.e. option 3 is adopted)
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