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Discussion 

1. Introduction
In RAN4#63, progress was made on glitches and retuning for carrier aggregation, with the duration of PCell interruption being agreed as [5]ms and the following agreements informed to RAN2
•
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

Other than making any necessary updates to reflect the agreements in specifications, and confirming the 5ms tentative duration, this should complete the work on glitches for release 10 CA. The other outstanding topic is activation time for SCell, and whether the existing requirement to complete the activation within 8 subframes after the MAC-CE command needs to be extended. The deactivation time should not need to be changed according to agreements from RAN4#63
2. 8ms for deactivation is sufficient, ie no need to change current RAN1 specification

3. Discussion
From an eNB point of view it would be beneficial that the UE can activate SCells quickly, so that bursty traffic can be efficiently handled while still keeping UE in the deactivated state as much as possible when the traffic pattern allows for it. If a UE takes longer to activate the SCell then the eNB can be expected to make more pessimistic decisions about moving to the deactivated state.
On the other hand from a UE perspective, it is also necessary to ensure that requirements can be met without excessive complexity, and allow for robust implementation such that the PDCCH monitoring, SRS transmission, and CQI/PMI/RI/PTI reporting can be reliably started at the activation time as specified in [3].

One main discussion which took place in RAN4#63 was whether there should be generic requirements for SCell activation timing, or whether specific cases need to be accounted for. So as to determine the appropriate requirements (even if generic), different cases need to be considered by RAN4 and one of the issues which have been discussed are whether the SCell timing can be expected to be known a-priori by the UE or whether it needs to be acquired by normal synchronisation procedures (ie PSS/SSS etc). It is also of relevance whether the CA scenario is intra-band or inter-band, and which deployment scenario can be assumed.
Intraband contiguous carrier aggregation

First we consider the situation that downlink CA signals for both PCell and SCell are received with a single UE receiver, which is assumed to be a feasible architecture for intraband contiguous CA. In this case, a single FFT operation is assumed to be used for OFDM detection, and it is clear that the symbols from PCell and SCell need to be time synchronised to within a fraction of the cyclic prefix. There seems to be little point in such a UE attempting to verify the timing of the newly activated SCell, since it is unable to receive SCell with an excessive timing offset and it has no mechanism to recover from the situation. 

Moreover, since the eNB is not aware of the UE RF architecture, it is necessary to ensure that the timing of PCell and Scell is aligned in all intraband CA deployments. This is implied by the description of the UE receiver window in  [4] which says  “A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 s”. Since intraband CA is not mentioned in this description, our understanding is that implicitly there is not  a requirement for a UE to cope with a relative propagation difference of up to to 30 s for intraband contiguous CA. If such a requirement existed, it would exclude single FFT reception architectures. Hence we make the following observation
Observation 1 : For intraband contiguous CA it is always possible for the UE to assume that PCell and SCell are time aligned to within a fraction of CP length.
It should be noted that this observation is independent of the architecture implemented in the UE, since it relates to deployment considerations. While scenarios such as CA scenario 4 (RRH) are not excluded for intraband CA, it would be necessary for the eNB to ensure that cell timings are such that no UE expected to perform carrier aggregation will experience a large time difference.
For a single receive chain UE, the 5ms glitch time which is already agreed as an interruption to the PCell should also be sufficient to start to monitor SCell PDCCH. For a multiple receive chain UE, our estimate in [5] is also that PDCCH monitoring could start in 5ms since the timing of the SCell is already known.
Interband CA

From the description in 36.300, it is clear that larger time differences of up to 31.3s can be expected by the UE, and single receiver architectures are no longer assumed. Considering timing acquisition, one question which needs to be answered is in which cases the UE will not have measured the target cell. There are two phases in which the UE may have measured the candidate SCell, and thus have information on its timing
1. Prior to configuration. If the coverage of the PCell and SCell is not expected to be the same then it seems unlikely that the network would perform blind configuration of an SCell for which the UE may not be in coverage. Having the same coverage  implies that deployment scenario 1 is used, and that the two bands are close in frequency such that the coverage on both frequencies is nearly the same, otherwise scenario 2 would be applicable.
 If scenario 1 is not applicable, it seems very likely that interfrequency measurements (for example using gaps) would need to be used to verify that the UE is in CA coverage before configuring CA.

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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2. After configuration, but before activation, the UE always makes measurements of deactivated SCells, since they become serving cells. So if there is sufficient time to detect the (unknown) SCell before activation, then the UE will already be aware of its timing.  However, there is a case where the MAC-CE activation command may be sent immediately after the SCell is configured.
Observation 2 : Blind activation of interband CA only seems practical for CA scenario 1 and if the component carriers are operated on bands that are close in frequency

Observation 3 : Blind activation of interband CA will not occur if there is a delay between configuring and activating the SCell, because the UE will start to measure the new serving cell.

Additionally, if the activation is not the first activation of the SCell, the UE cannot be blind to its timing, since it has already received PDCCH from the SCell and continues to measure the SCell after any subsequent deactivation. Since we expect that it is common for SCells to be activated and deactivated repeatedly when there is bursty traffic, the reactivation of an SCell which has already been active at least once is an important case, and is one reason why we think a generic requirement assuming unknown SCell timing on every activation causes a significant penalty to CA system performance.
Observation 4 : Blind activation of an SCell can only occur on the first activation after configuration

Based on observations 1-4, we think that activation of an Scell with known timing is an important case for both intraband and interband CA, and it would be pessimistic in the eNB to assume that the UE always needs to acquire the SCell timing. However, since there is a possible use case of blind activation for interband CA on the first activation and the SCell has not yet been measured, it is clear that longer activation time can be expected in this case. This occurs if the SCell is activated quickly enough after configuration. Considering that Tsearch=80ms is specified for additional handover delay when the target cell is unknown, we consider that the blind configuration/activation of an SCell involves rather similar additional operations.
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
Based on this consideration, approximately 85ms could be considered for blind SCell activation.
Since this time is significantly longer than the activation case when timing is known, and 80ms is just a mimimum performance requirement, it may be beneficial to allow the UE to activate the SCell in less than 85ms if faster timing acquisition can be achieved. Currently [3] specifies the following actions on activation of an SCell
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Considering that activation may occur in less than 85ms in some cases, it may be beneficial to keep the timing requirement in [8] mostly unchanged, in other words the UE is allowed to monitor PDCCH and start to transmit SRS/CSI at subframe n+9 (assuming 1ms increase) or at any time until subfame (n+89). This means that the eNB could start to schedule the UE on the Scell as soon as it is ready (for example if the UE reports SCell CQI) and would not need to wait until subframe (n+89) in all cases.
Intraband non contiguous CA
Although intraband non contiguous CA is a release 11 topic, it may also be important to consider applicable requirements. Time alignment error is defined as 260ns for  intraband non-contiguous carrier aggregation, and dual receiver referece architecture was also agreed in RAN4#62 [7]. Due to the dual receiver reference architecture it may be reasonable to assume that UE are able to perform carrier aggregation with bigger time differences than for intraband contiguous CA, although the time difference which may be expected at the UE receiver is not specified in [4]. Nevertheless, we could assume that the analysis for interband CA would be somewhat applicable to the intraband non contiguous case.
Based on the observations in the contribution we propose

Proposal 1 : Similarly to handover interruption time requirement, a different requirement is applicable for blind CA activation compared to activation of an SCell with timing known to the UE

Proposal 2 : SCell timing is always assumed to be known for intraband contiguous CA
Proposal 3: SCell timing is known for interband CA in case the SCell has previously been measured

Proposal 4 : SCell timing is known for any SCell that has previously been active

Proposal 5 : SCell activation time is 5ms for SCell with known timing (existing 4ms would be extended by 1ms)
Proposal 6 : SCell activation time is up to 85ms for SCell with unknown timing
Proposal 7 : UE is allowed to monitor DPCCH/start CSI reporting/SRS transmissions between subframe (n+9) and subframe (n+89) for SCell with unknown timing
Proposal 8 : SCell deactivation time does not need to be updated

4. Conclusions

In this contribution we evaluate SCell activation time. Based on the analysis, we conclude that quite different SCell activation timing is feasible depending on whether the timing of the SCell is known (or can be assumed) or needs to be acquired after activation via PSS/SSS processing.
Since it is important to be able to activate SCell quickly for handling bursty traffic, we propose that similarly to release 8 handover interruption time, different performance requirements are defined depending on whether the target SCell is known or unknown. Specifically we propose the following :
Proposal 1 : Similarly to handover interruption time requirement, a different requirement is applicable for blind CA activation compared to activation of an SCell with timing known to the UE

Proposal 2 : SCell timing is always assumed to be known for intraband contiguous CA

Proposal 3: SCell timing is known for interband CA in case the SCell has previously been measured

Proposal 4 : SCell timing is known for any SCell that has previously been active

Proposal 5 : SCell activation time is 5ms for SCell with known timing (existing 4ms would be extended by 1ms)

Proposal 6 : SCell activation time is up to 85ms for SCell with unknown timing

Proposal 7 : UE is allowed to monitor DPCCH/start CSI reporting/SRS transmissions between subframe (n+9) and subframe (n+89) for SCell with unknown timing

Proposal 8 : SCell deactivation time does not need to be updated
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-	if the UE receives an Activation/Deactivation MAC control element in this TTI activating the SCell, the UE shall in the TTI according to the timing defined in [2]:


-	activate the SCell; i.e. apply normal SCell operation including:


-	SRS transmissions on the SCell;


-	CQI/PMI/RI/PTI reporting for the SCell;


-	PDCCH monitoring on the SCell;


-	PDCCH monitoring for the SCell


-	start or restart the sCellDeactivationTimer associated with the SCell;
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