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Discussion 

1. Introduction

In RAN4#66 discussion took place [1] on possible interruptions at SCell configuration when single chip architecture is used for interband carrier aggregation and it may be necessary to reprogram the RF synthesisers to avoid or minimise the impact of interactions such as LO pulling when they are placed on a single integrated circuit. The corresponding CR [2] was not agreed, partly because the issue was being discussed for the first time in RAN4, and some time would be needed by other companies to verify the issue and the appropriate solutions.
2. Discussion

Since RAN4#66 we have investigated the issue, and also recognise that there are scenarios in which it would be beneficial or necessary to reprogram the synthesisers as a part of the procedure for carrier aggregation configuration or reconfiguration. One important scenario is when DL PCell and SCell are swapped with each other, which in case of a 1TX UE means that the uplink transmission band shall be changed between the bands. Impact to synthesisers is very dependent on UE implementation and will not be needed in all CA scenarios (even for a UE which implements carrier aggregation reception using a single RF integrated circuit) but nevertheless, the discussions so far in RAN4 about interruptions have related to retuning for intraband carrier aggregation on both RRC configuration/deconfiguration and activation/deactivation. 

Observation 1: As indicated in [1], there may be a need to consider interruptions for interband carrier aggregation when single integrated circuit receiver architectures are considered.

Observation 2: The need for such interruptions is strongly implementation dependent and also depends on the configuration or reconfiguration being considered.
As indicated below, in [3], RAN4 informed RAN2 that interruptions on PCell would only be expected for intraband carrier contiguous aggregation. On the other hand, RAN2 RRC procedure delays are agnostic to the CA case being considered (intraband contiguous, interband etc), and the CR to extend RRC procedure delay[4] was agreed not to made in a way specific as can be seen from the RAN2 official report[5], the relevant section of which is also reproduced for convenience below.
Observation 3: RAN2 outcome was to RRC procedure delay in a generic manner independent of carrier aggregation case (intraband contiguous, intaband non contiguous, interband).
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In earlier RAN4 work it was proposed that the interruption to PCell due to SCell configuration could be 2ms [1]. One justification of a shorter time than the intraband contiguous case considered earlier by RAN4 would be that AGC settling should be a simpler issue for this case, because the receive signal power should not be affected by this reconfiguration. On the other hand, RAN2 has already specified an RRC procedure delay which is agnostic to the CA case, and it may be beneficial to similarly consider generic requirements for interruption in RAN4.

Some aspects which are worthy of consideration are that the serving eNB does not have any indication of whether a glitch will occur (even for intraband carrier aggregation), and if it does occur, the timing of the interruption can only be assumed to occur within the 20ms RRC procedure delay window. Thus there seem to be only two eNB possible packet scheduler implementations with respect to interruption on configuration/reconfiguration of an SCell.

1. A packet scheduler which does not specifically account for the interruption and which may continue to schedule the potentially affected UE on the PCell during the RRC procedure delay.

2. A packet scheduler which restricts downlink scheduling of potentially affecteded UE on the PCell for the entire duration of the PCell.

The first type of scheduler implementation will naturally benefit from UE which do not make interruptions, or make shorter than 5ms interruptions but on the other hand may sometimes schedule the UE during an interruption. The second type of scheduler makes less aggressive assumptions, but clearly it does not help this type of scheduler to shorten the actual UE interruption, because the scheduler anyway has no knowledge of the exact start time or duration of the interruption, or indeed even if the interruption will occur at all.

Based on these considerations, we do not think that there would be a major system benefit from specifying interband interruption time of 2ms for interband CA versus 5ms for intraband contigiuous CA. At any rate, it is unlikely to affect the assumptions that can be made by the packet scheduler. Nevertheless, assuming a type 1 scheduler implementation it is clearly beneficial for UE to minimise the cases where it makes an interruption and in cases where it does interrupt, to minimise the duration. However, in view of the earlier observation 2, we are not convinced that a discussion in 3GPP on cases where interruption is not necessary would be fruitful. Given the different UE implementations that are possible, it would seem to be necessary to define CA interruption as a UE capability if there is a strong desire to optimise in this area. On the other hand, considering that the discussion is for release 10, and SCell configuration/reconfiguration is not likely to occur extremely frequently (if it did, there would be a very heavy signalling overhead), the issue is probably not severe enough to merit signalling changes.

Proposal : A 5ms generic interruption is considered to be allowed for interband carrier aggregation to address the issue in [1].

Naturally this means that an update to information sent earlier in [3] to RAN2 may be needed, since RAN2 was earlier clearly informed that interruptions are only expected for intraband contiguous carrier aggregation, regardless of how they have defined their specifications. We provide a draft liaison statement in [6], with the following text:

Overall description

RAN4 has discussed possible interruption which may be necessary in some cases for interband carrier aggregation when an SCell is configured or reconfigured, due to single integrated circuit implementation of UE receiver, and the need to reprogram RF synthesisers once the primary and secondary component carrier frequencies are known, to allow implementations to minimise interactions in the receiver.

The need for such interruptions is implementation dependent, and would not be assumed to occur in all cases. The duration could also be expected to be shorter than the earlier minimum performance of 5ms agreed by RAN4 for intraband contiguous carrier aggregation, and informed to RAN2 by liaison statement in R4-123468. 

RAN4 notes however, that RAN2 already defined a generic extension of RRC procedure delay by 5ms independent of carrier aggregation case. Based on this consideration, RAN4 does not think it is fruitful to consider the exact interruptions on a case by case basis, and assumes that existing RAN2 requirements would also allow for single integrated circuit implementations to make interruptions as needed.

Actions
RAN 4 kindly requests RAN2 to note that interruptions to the PCell may also occur for other CA cases than intraband contiguous carrier aggregation.

3. Conclusions
This contribution provides further considerations on the possible interruption to PCell reception when an SCell is configured/reconfigured in a single RF integrated circuit implementation of the CA receiver. Essentially, we confirm the conclusion of [1] in the following observations:
Observation 1: As indicated in [1], there may be a need to consider interruptions for interband carrier aggregation when single integrated circuit receiver architectures are considered.

Observation 2: The need for such interruptions is strongly implementation dependent and also depends on the configuration or reconfiguration being considered.

We also investigated the earlier outcome of RAN2 disucssions, and our understanding is that despite the LS from RAN4 indicating that interruptions and RRC procedure delay extension would be necessary for the intraband contiguous case, nevertheless RAN2 already increased the RRC procedure delay in generic manner not dependent on CA case.
Observation 3: RAN2 outcome was to RRC procedure delay in a generic manner independent of carrier aggregation case (intraband contiguous, intaband non contiguous, interband).
Especially since the need for interruption is very implementation dependent (even for the intraband contiguous case, but more so for this considered interband case) and also because the exact timing of the interruption within the 20ms procedure delay is not defined, we do not anticipate a major system benefit from analysing the exact duration of the interruption. We agree in general that it is likely that UE can have reduced interruption in this case compared with intraband contiguous carrier aggregation since the receiver bandwidth does not change and it can be expected that some aspects such as AGC settling are shorter. However, in general terms analysing the exact minimum requirement that would be appropriate (value shorter than 5ms) does not seem to provide any significant benefit if we cannot say in what circumstances an interruption will occur. Therefore we make the following proposal.
Proposal : A 5ms generic interruption is considered to be allowed for interband carrier aggregation to address the issue in [1].

Since RAN2 was informed earlier by LS that interruptions would only be expected for intraband contiguous carrier aggregation, it would be necessary to provide RAN2 with updated information and a draft LS is provided. Our understanding however, is that this should not have impact on RAN2 specifications, although naturally this would be confirmed in the end after disucssion in RAN2.
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Overall Description:


RAN4 would like to thank RAN2 the LS on carrier aggregation in R2-114776. After further discussions on interruptions on PCell upon SCell configuration/deconfiguration, RAN4 would like to inform RAN2 the following additional agreements:





PCell interruption may occur at SCell configuration/de-configuration which is only expected for intra-band contiguous CA. 


The minimum requirement for glitch duration is 5 ms.


It is proposed RAN2 to extend RRC procedure delay on SCell configuration/deconfiguration by 5ms





The introduction of such additional delay is to get RF preparations done immediately at SCell configuration in order to follow the SCell/ SCC measurement requirements with deactivated SCell, in which no interruptions shall be allowed when measCycleSCell is less than 640ms.





2. Actions:


To RAN2:


RAN4 respectively asks RAN2 to consider the above conclusions and update the corresponding specification.
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Agreements


1	The Extended RRC Connection Reconfiguration processing delay applies to all carrier aggregation cases (intra-band contiguous and non-contiguous as well as inter-band) and regardless of the configured value of scellMeasurementCycle.


2	We confirm RAN4s understanding that the interruption on PCell due to intra-band SCell configuration/de-configuration should happen within the SCell configuration/de-configuration RRC processing delay












