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1. Introduction

In RAN4 meeting #52 RAN4 received a LS from RAN2 regarding the mobility measurements in carrier aggregation without measurement gaps [1]. In this LS RAN2 gave two questions to RAN4 regarding the UE capability to perform measurements: Whether it is reasonable to assume that UE can perform measurements on a carrier that is already used for active data reception, and in which kind of scenarios is it assumed UE will not need measurement gaps.
There has been some contributions related to this LS in previous RAN4 meetings [2]

 REF _Ref251077285 \r \h 
[3]

 REF _Ref251077286 \r \h 
[4] and in this contribution we present our considerations on this issue. 

2. Discussion

Currently RAN2 is considering two new “states” for component carriers in context of carrier aggregation: The carrier can be either configured but non-active (e.g. UE is informed the parameters related to the component carrier that could be used for carrier aggregation but UE is not required to monitor the PDCCH or PDSCH on the component carrier), or the carrier can be configured and active on which UE is receiving data e.g. required to monitor the PDCCH and PDSCH. The details of these states are still open in RAN2, but it would appear that configuration of the carrier is done by higher layer (i.e. RRC) signalling and activation/deactivation is done by e.g. L1 signalling or MAC message. As the terminology has not yet been fully established it seems important that RAN4 is very clear in this respect when considering its response. 
The first question RAN2 posed in [1] is:

Q1: Is it reasonable to assume that a UE is able to perform measurements on each component carrier, which is configured for data transmission (i.e. the carrier is active)?

This question seems to be related to configured and active component carrier. In order to be able to monitor the PDCCH and PDSCH, UE receiver would need to be already configured for the active component carriers. Therefore it would appear feasible that UE would be able to perform measurement on each active carrier without measurement gaps.  However it is good to note that even though the power consumption increase introduced by the measurements would probably we negligible in case of continuous active data reception, it would be good to consider the needed amount of measurements when there is lower receiver activity in the active carriers, e.g. when UE is configured with DRX operation. The potential for power saving should be considered to avoid the pitfall of specifying unnecessarily tight measurement requirements that don’t benefit the system performance.
In Rel-8/9 when UE operates in DRX mode, it is required that UE listens to PDCCH during the “on-duration” for the possible uplink/downlink resource allocations. The mobility measurement requirements are adjusted (based on the DRX cycle length) to allow reduced receiver activity and power saving. However, it has not yet been decided whether UE is required to listen PDCCH on all configured CCs or only on some of the CCs when network has configured the CA operation for the UE. 

If we consider the case of intra-band contiguous allocation of two or more component carriers, it can be questioned whether mandating reception on all component carriers during the “on-duration” allows enough power saving potential or whether it will significantly restrict the power saving potentials in the UE. Hence. when operating with DRX in contiguous carrier aggregation, instead of requiring UE to receive all configured CCs , it should be considered to allow the UE only to listen only subset of those e.g. having 2 CC’s configured and activated, UE would be in DRX operation required to listen single CC during “on-duration”. . We believe that power savings can be achieved if not always mandating reception on all CCs, especially when considering wider bandwidths of combined configured CCs. This is because the bandwidth may grow beyond a single RF received in some potential configurations [UE arch]. 

Moreover, in case of inter-band non-contiguous CA is configured, for example over 2 bands, for example where one component carrier is around 900MHz and one or more component carriers are around 2100MHz. In this scenario the requirement of receiving PDCCH on all configured component carriers would in practice mean waking up two separate RF front-ends during every “on-duration” just to check possibility of allocation. This is the case even when cross-carrier scheduling (which has been discussed and enabled in RAN1) is used, because the way the scheduling has been specified means that UE will have to listen to the PDSCH of the CC anyway even though the scheduling assignment would be given in another CC.
Thus it would appear relevant to consider the DRX operation in combination with CA, so that adverse affects to the UE power consumption could be avoided. Therefore, it should be mentioned in the response to RAN2 that even though the UE can be said to be capable of performing mobility measurements on the active carriers, the measurement activity should follow the other receiver activity to allow power saving opportunities.

Similar consideration could be also applied in the situation when a component carrier that has been configured but not activated, but this is discussed in more details below where the response to the second RAN2 question is considered.
The second question RAN2 posed in [1] is:
Q2: In which scenarios the UE can be assumed to perform measurements on component carriers without measurement gaps? For example, (assuming that the answer to Q1 is “yes”), does RAN4 foresee cases where carriers, which are not configured for data transmission (but are included in the capabilities of the UE), can be measured by the UE without measurement gaps. If yes, are there any restrictions that would apply?

This question appears to relate to the situation where either the to-be-measured CC is configured but not activated or the component carrier has not been configured by network, but UE could, according to its capability, use this CC for carrier aggregation and there would be interest to obtain measurement results from this carrier. 
Even if in principle UE would be able to perform measurement on the configured carrier without any measurement gaps, doing this would require UE to have wider reception bandwidth or more active receiver chains than required by the data reception. It is easily understood that during active data transmission when there is plenty of data to be transmitted (from/to the UE), the UE operates (i.e. receives and transmits) with all the component carriers that network has configured and scheduled, in order to obtain the high data rates, shorter data transmission times and system level gains introduced by more flexible scheduling. However, when there is no active data transmission or when the amount of data to be transmitted is low, the power consumption increase due to CA should be minimized. 

Therefore it should be carefully considered whether UE would be required to carry out measurements on configured but non-active carriers in a similar manner as intra-frequency measurements in Rel-8. It is true that if UE supports a carrier aggregation scenario which would allow it to simultaneously receive considered component carriers, it would be possible to measure it without measurement gaps. However, requiring UE to maintain continuous activity on non-active carriers will have negative impact to the power consumption and thereby also to the end user experience, so it might not be best to totally discount measurements gaps or other alternative approaches. 

Thus, while avoiding the need of compressed mode gaps in certain inter-frequency scenarios would seem to be interesting option, care should be taken to ensure that the implications to power consumption and therefore to the end user experience are minimized.  ,One option to allow power saving opportunities, is to allow UE to activate the reception on non-active component carriers only when it is needed for measurement purposes and de-activate the reception when it is not needed to preserve the power. This activating/de-activating carrier aggregation can have impacts to the reception on the active carrier, depending on the type of the aggregation: For example, in an intra-band contiguous case, it would be necessary to configure the receiver to have wider reception bandwidth (e.g. change reception bandwidth from 20MHz to 40MHz) or in reverse to have narrower bandwidth (e.g. changing reception bandwidth from 40 MHz to 20 MHz). This would require UE to adjust the LO position and reconfigure the baseband filters, which all together accounting updating channel and other estimates would take few milliseconds. 

3. Conclusion
In this contribution we have discussed the questions set by RAN2 in their LS to RAN4 [1]. Different assumptions for mobility measurements in case of carrier aggregation have obviously impacts to the current consumption. It is felt that such methodology should be set in place which would allow obtaining the benefits of the carrier aggregation, while minimizing the negative impact to user experience in terms.  It is proposed that RAN4 accounts the discussion presented in this contribution when drafting the response to RAN2 and also clearly indicates and distinguishes the implications of the measurements especially in case of non-active component carriers. Furthermore as it would seem interesting to allow performing measurements without need of compressed mode gaps in certain scenarios falling under the carrier aggregation capability, RAN4 should consider pursuing system level evaluations on the needed measurement rates/periods especially focusing on the enabling efficient carrier aggregation operation.    
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