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1. Introduction
In [1], there are the following open items on measurement period for both RLM and RRM measurements.
For RLM

· Agreement on DRX evaluation period:
· If extension of evaluation period is needed the following approach from R4-111950 is an option to be considered:
· Extending times of period for all the DRX cycle length based on current specifications.
· Further discussion on the need of extension of evaluation period for DRX will be in the May meeting.
For RSRP & RSRQ measurement
· Agreement on measurement period based on proposal in R4-111961 

· When eICIC is used by a UE, the UE is [TBD]  extend its L1 measurement period to 400ms for the case of no DRX, or DRX cycle <=40ms, 

· where TBD is one of the options below:

· 1) required to

· 2) allowed to

· 3) required to not

· One of the options is expected to be decided in the May meeting.
…
· Measurement period with DRX

Hence there are 3 main open issues remaining
· Evaluation period for RLM with DRX

· L1 measurement period for RSRP/RSRQ, DRX cycle>40ms
· L1 measurement period for RSRP/RSRQ, no DRX or DRX cycle <=40ms

2. Discussion

RLM

We agree that certain scenarios such as those indicated in [2] would be harmful for UE power consumption, and should be addressed in some way. On the other hand, if serving cell resource restriction is configured because the serving cell is experiencing interference, it is necessary that there is at least one subframe during the UE DRX on duration where ABS is used by the interfering cell. Otherwise, the serving cell would be unable to schedule the UE in low interference conditions when its receiver is on and the connection would be unusable. Mandating the UE to track the serving cell quality outside of its DRX cycle could also be detrimental to performance if the DRX cycle was configured for some other reasons, e.g. for in-device co-existence purposes (see [3]).
While it is not mandated that the serving cell DRX pattern and RLM pattern are synchronised with each other, it seems to be necessary for practical use of eICIC. There seems to be little value in implementing additional UE functionalities or defining requirements for cases that in practice cannot be used. Hence we propose the following approach

Proposal 1: RAN4 assumes that UE can perform RLM during the on duration of the DRX cycle. There are no requirements for DRX RLM if there are no opportunities to perform RLM within the OnDuration of the configured DRX cycle according to the RLM measurement restrictions.
L1 measurement period for RSRP/RSRQ, DRX cycle>40ms
In this case, similar considerations as for RLM do not apply, since it may be possible to schedule the UE in the DRX on duration which is low interference from a serving cell perspective, while neighbour cells are in high interference throughout the on duration. This may be seen from considering the case of a macro UE which is approaching close to the cell range extension zone of a pico cell. In this case, the DRX wake up should occur in times when the pico cell is using ABS, so that the UE can be scheduled on macro resources. However, the pico cell measurements cannot be performed during subframes when the macro cell is operating in non-ABS, so the pico cell measurement restriction pattern can be such that there are no measurement opportunities in the DRX on duration.

In this case, there is no option other than to extend the receiver activity beyond the on duration to make the measurement, and this could potentially be done either 1) under eNB control (ie signalling extended DRX on duration) or 2) autonomously by the UE. We think the option 2) is preferable since the UE only needs to make the neighbour cell measurements in this case, whereas with option 1), the UE would also have to attempt to decode PDCCH, which is increases power consumption if the eNB is not intending to schedule the UE and would be only extending the on duration to allow neighbour cell measurement opportunity. Hence, we assume that requirements would be defined for the case where no restricted neighbour cell measurement can be made in the DRX on duration and the UE needs to autonomously extend its receiver activity to make the measurement.
In order that UE battery life in RRC connected DRX does not suffer compared to non-DRX, we propose that DRX measurement period requirements are extended, at least for the case where there is no measurement opportunity in the DRX on duration. It may not be necessary to extend measurement period if there is measurement opportunity in the on duration. A scaling of the existing requirements is our considered approach, a scaling factor of 2 has been proposed previously and we think that this would be needed to ensure typically comparable power consumption in this case, although it depends on the existing on duration and measurement configuration – there are “UE un-friendly” configurations like the one in figure 1, which mean that the existing on duration may be extended by a factor of 8.
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Figure 1 : DRX and neighbour measurement pattern
Our assumption is, if the neighbour measurement was later, it would be more efficient to wake up early and perform the neighbour measurement prior to the serving cell PDCCH reception DRX cycle.

From a power consumption perspective, it might be desirable even to account for extreme patterns such as this one, which might result in something like 5 fold increase in receiver activity compared with the case where the neighbour measurement can be made at the same time as the serving cell on duration. On the other hand, this is the most extreme configuration (for 1/8 pattern) and a 5 fold increase in measurement period is likely to become problematic from a performance point of view.
In RAN4#58AH, it was discussed that increasing the measurement period by a factor of 2 may lead to too poor mobility performance. We agree that for certain scenarios this may be true, and in those cases it may be necessary to restrict the use of the longest DRX cycles (eg 2.56s) for higher speed UE (eg 30km/h). However, by scaling the measurement period, we can ensure that for UE where mobility demands are less (eg low speed UE) there is still the option of configuring a long DRX cycle which is very efficient from a receiver activity point of view. If mobility performance with the longest DRX cycles is insufficient in some scenarios, the option remains to configure a shorter DRX cycle – in this case increased UE power consumption compared to unrestricted measurements is unavoidable. The benefit of extending the measurement period is that the option of lower power consumption is left open for less demanding scenarios.
Proposal 2: For DRX cycle >40ms, L1 RSRP/RSRQ measurement period is extended by a fixed factor of [2].
L1 measurement period for RSRP/RSRQ, no DRX or DRX cycle <=40ms

In this case, RAN4 should choose between 3 options. Our view is that it is not preferable to mandate increase of measurement cycle (choice 1) since there may be implementations that can meet the measurement accuracy requirements without such extension. Option 2 (allowing increase to 400ms) was proposed as a compromise since 400ms period has previously been proposed eg in [4] with the justification that some release 8/9 implementations of measurements may perform coherent averaging over 2 successive subframes. On the other hand, link level simulations, for example in [5] have concluded that it should be possible to meet accuracy requirements with 200ms measurement period, although with potentially increased measurement activity compared to release 8/9.

Hence, we do not have a very strong opinion between allowing increased measurement period to 400ms, or maintaining 200ms measurement period. In view of the possibility that UE can perform better and that the power saving benefits overall of 400ms measurement period may be limited if the UE is anyway quite active, we think it should not be mandatory to use 400ms.
Proposal 3: 400ms RSRP/RSRQ measurement period is not mandatory. Either 200ms measurement period requirement, or 200ms/optional 400ms could be considered.
3. Conclusions
In this contribution, we make three proposals related to the evaluation period for RLM and the measurement period for RSRP and RSRQ in eICIC requirements
Proposal 1: RAN4 assumes that UE can perform RLM during the on duration of the DRX cycle. There are no requirements for DRX RLM if there are no opportunities to perform RLM within the OnDuration of the configured DRX cycle and according to the RLM measurement restrictions.

Proposal 2: For DRX cycle >40ms, L1 RSRP/RSRQ measurement period is extended by a fixed factor of [2].
Proposal 3: 400ms RSRP/RSRQ measurement period is not mandatory. Either 200ms measurement period requirement, or 200ms/optional 400ms could be considered.
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