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1. Introduction
Currently, RAN4 evaluations are being performed on the measurement requirements for deactivated secondary component carriers according to simulation assumptions agreed in [1], for which we provide initial results in [2] and further results in [6]. Regarding non-configured component carriers, and also regarding activated Scells/component carriers, some top level agreements were also reached and are indicated in [3]:
Agreement 2: Measurements on the non-configured component carriers are done with RRC-configured measurements gaps as in Rel-8/9.

Agreement 3: Mobility requirements will be based on PCell mobility.

Agreement 4: Measurements on the activated SCells/component carriers are done without measurements gaps.

The measurement requirements which will be defined by RAN4 for deactivated SCCs have a significant impact on UE power consumption, since they will directly imply a certain level of baseband and RF receiver activity in order to search for, and measure cells on the SCC. Naturally, the system simulation studies currently being performed in RAN4 will need to be completed and discussed before the full picture emerges on the appropriate requirements which provide a good compromise between UE power consumption versus the needs of efficient Scell management, but the time remaining to complete the work is also relatively short, so we see that it would be beneficial to start to consider the possible core RRM requirements in parallel with the completion of the simulation work. The purpose of this contribution is to present some initial thinking in this area. We also note that some provisional estimate was provided to RAN2 in [7] which says “RAN4 is currently studying measurement periods ranging from [800 ms] to [3200ms]. In these studies and simulations RAN4 has considered 5 measurement samples but the actual number of measurement samples is finally UE implementation specific and accuracy and other related requirements are defined instead of number of samples”

2. Discussion
When the Scell has been deactivated, there are two cases which can be considered

1) PCell is relatively inactive, and a large PCell DRX cycle is ongoing

2) PCell is fully active, and there is either no, or short Pcell DRX cycle ongoing.
We consider both these cases separately. We also discuss briefly the relationship between measurement requirements and possible reception glitches in the case of intra-band carrier aggregation.

PCell is relatively inactive, and a large PCell DRX cycle is ongoing

In this case, release 8 intra-frequency DRX requirements would be applicable to measurements on the PCC for mobility purposes. It would seem contradictory in this case to have more demanding measurement requirements for the inactive SCC than the active PCC, and also highly desirable that when the UE can save power from a PCell perspective it does not need to become active during the DRX off period to make SCC measurements. Hence, we believe that the SCC measurement activity and performance should not be required to be more than the PCC measurement activity and performance.  It is possible that RAN4 studies will indicate that in certain scenarios, the SCC measurement activity and performance can be less than the PCC measurement activity and performance, especially if the PCC DRX cycle length is only moderately long, for example 80ms or 160ms.
Proposal 1 : SCC measurement activity and performance should not be required to be more than the PCC measurement activity and performance in case a large PCell DRX cycle is ongoing
PCell is fully active, and there is either no, or short Pcell DRX cycle ongoing.

As the PCell activity increases, there is a need to consider what should be the appropriate measurement activity for the deactivated SCC independently. Our initial results in [2] indicate that in certain scenarios there is not a significant impact in any of the evaluated metrics such as user throughput, allocation SINR and spectral efficiency, even if the measurement period is increased to 3200ms (i.e. equivalent to 640 ms DRX cycle) In some cases, a measurement period of even 6400 ms seems to provide adequate performance, though in some other cases, even the 3200 ms starts to be too large. This is seen in our results, for example, in case of scenario 1 or 2, a 3km/h UE velocity and especially as the number of UE per cell increases. On the other hand, there are more demanding cases such as scenario 3 and 50km/h UE velocity where an impact to user throughput or spectral efficiency can be observed when the longer measurement periods are considered.
Naturally, results from other companies need to be considered and discussion will be needed before the full picture from simulations emerges. Nevertheless, we think it is unlikely that a single value of measurement period will be appropriate for the very kinds of deployment scenarios in which carrier aggregation can be used. Since the measurement activity factor completely determines baseband and RF power consumption for the deactivated SCC, it would also seem unwise to set RAN4 requirements only based on the most demanding scenario which is found in simulation, since this would offer no opportunity for optimisation in other deployment scenarios and situations which might commonly be encountered.

One solution to this problem could be to specify some kind of configurability to SCC measurements in the case of deactivated Scell, similarly to the way that idle and RRC connected DRX cycle provide a degree of configurability in performance for single carrier operations. For example, the largest idle mode DRX cycles may not be appropriate to use for high velocity UE and small ISD due to the relatively more demanding mobility requirements, but they are still available to give UE power saving opportunity in less demanding circumstances.

Similarly, it would be possible to signal a virtual DRX cycle for the deactivated Scell. This would not imply anything about PDCCH monitoring for the Scell (since by definition the SCell is deactivated and no PDCCH monitoring is done), but it would imply a measurement activity commensurate with the signalled virtual DRX cycle length. For example, when a virtual DRX cycle of 1280ms would be indicated for a deactivated Scell, then the measurement performance requirement on the SCC would be the same as measurement performance according to the existing 1280ms DRX intra-frequency requirements.
Since measurement activity strongly determines the power consumption of a deactivated Scell, careful consideration based on RAN4 simulation outcomes needs to be given to the suitable value range for this virtual DRX cycle. Since it has already been agreed according to agreement 3 that main mobility requirements will be based on PCell mobility, SCC should be somewhat less critical than eg PCC measurements, especially in the case that the Scell is deactivated and the frequency is not available for immediate scheduling of a given UE. Therefore there may be no system justification for requiring 200ms measurement period or 800ms cell detection, considering that  significantly longer measurement periods and cell detection performance are defined in the single carrier case for gap based interfrequency handover in all deployment scenarios. According to the simulations in [6], a 160 ms virtual DRX cycle (i.e. 800ms SCell measurement period) seems to offer a feasible trade-off between power consumption and performance, and a virtual DRX cycle of 1280 ms (i.e. 6400 ms Scell measurement period) seems to offer the maximum SCell measurement period that could be usable
Proposal 2 : Indication of a virtual DRX cycle for the deactivated Scell can be very beneficial in case no, or short Pcell DRX is ongoing. The appropriate value range of virtual DRX cycle can be considered based on RAN4 system simulations. Based on [6], we propose values between 160 ms and 1280 ms for minimum and maximum virtual DRX cycle.
Relationship to glitches for intra-band CA

In the discussion on whether to allow glitches for intra-band CA, measurement of deactivated carriers is an important aspect because the eNB in general has no knowledge of when the UE will perform measurement activities and hence cannot predict when glitches will occur. The topic of intra-band retuning glitches was covered in more detail in [4] and for the purposes of the actual measurement core requirements for deactivated SCC  which RAN4 will define, we think the topics can be treated  somewhat independently. The reasoning is as follows.
For inter-band CA, we believe that proposals 1 and 2 which have already been presented will offer good possibilities for both RF and baseband power consumption optimisation on the deactivated SCC. For intra-band CA, even if glitches are disallowed and hence the possibilities for RF reconfiguration to reduced bandwidth are less, it is still important to minimise baseband activity.  Also, it would seem to introduce an unjustified level of complexity into RAN4 specifications to have different core requirements for a deactivated SCC, depending on whether it happened to be an intra-band SCC, or an inter-band SCC. Hence even if glitches are disallowed, we think there should be a more simple requirements framework which does not differentiate between intra-band and inter-band cases. 

In the event that RAN4 does decide that retuning glitches should be allowed, then there is an additional incentive to optimise the amount of measurement activity on deactivated SCC, beyond the benefits to UE power consumption. By minimising the measurement activity, the frequency of retuning glitches is also minimised. Our view is that proposals 1 and 2 presented in the previous section would also be highly advantageous for this reason.
In summary therefore, we see the relationship between glitches for intra-band CA and retuning glitches to be a one directional relationship. Independently of whether retuning glitches are allowed or not, RAN4 objective should be to define core requirements which allow power efficient UE measurement regimes, while still meeting system performance needs, and the approach and requirements does not need to discriminate between intra-band CA and inter-band CA. If this is done successfully, then the consequence is that the frequency of retuning gaps would also be optimised but this is a consequence rather than a factor which would have direct impact on the core requirements for deactivated SCC. Clearly, in the reverse direction, there is a linkage in that it is necessary to have some initial understanding of likely measurement core requirements and activities on deactivated intra-band SCC in order to fully evaluate the impact of allowing retuning glitches.

Proposal 3 :  The core measurement requirements for intra-band and inter-band deactivated SCC should be the same, and can be considered independently of any decision on retuning glitches for intra-band CA.

3. Conclusions
The purpose of this contribution is to trigger discussion and consideration of the core requirements for deactivated SCC. Due to time remaining for the work in RAN4, we think it is important to start to consider how the core requirements will be defined in parallel to working on system simulation evaluations. We have presented 3 proposals intended to progress this aspect of the work.
Proposal 1 : SCC measurement activity and performance should not be required to be more than the PCC measurement activity and performance in case a large PCell DRX cycle is ongoing
Proposal 2 : Indication of a virtual DRX cycle for the deactivated Scell can be very beneficial in case no, or short Pcell DRX is ongoing. The appropriate value range of virtual DRX cycle can be considered based on RAN4 system simulations. Based on [6], we propose values between 160 ms and 1280 ms for minimum and maximum virtual DRX cycle.
Proposal 3 :  The core measurement requirements for intra-band and inter-band deactivated SCC should be the same, and can be considered independently of any decision on retuning glitches for intra-band CA.
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