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Discussion 

1. Introduction
RAN4 has been discussing interruptions and retuning for measurements since August 2010, and more recently the focus has been on the retuning interruprions which may occur for intraband CA when an SCell is configured/deconfigured/activated/deactivated. The later work was prompted by an LS from RAN2 [1] which asked about packet loss during activation <-> deactivation transitions, and a partial response was agreed in RAN4#62bis [2]
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In addition, there is a RAN4 internal way forward on the topic[3] which documents agreements and indicates the areas which still need to be studied. We have highlighted from the WF the areas which are explicitly indicated as FFS. This highlighting is not included in the version of the way forward agreed by RAN4 and represents our analysis of the document.
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2. Discussion
From the internal RAN4 way forward, many of the items can be regarded as agreements, and good progress was made on the topic in RAN4#62bis. The main topic which needs to be considered and agreed are the values of X and Y. To clarify the definitions of X and Y, we note:
X is the time taken before the UE is ready to receive data from an SCell assuming its L1 is not configured to receive the SCell already. Examples of the processing are given in [3] as RF, AGC/frequency lock, timing acquisition etc. 
Y is the time taken to reconfigure an already running RF chain to different BW, ie the glitch duration, and it relates to interruption of the PCell. Examples of the processing are given as retuning, AGC settling etc. Y is only relevant for intraband contiguous CA received with one RF chain.
Based on these definitions, we now provide some analysis of X and Y.
Considerations on X

For X, different values could be considered for intraband contiguous CA and for other cases, or a generic approach could be used, as proposed in [4]. In considering the suitability of a generic approach, we note that the channel startup delay depends on what prior information the UE has available (eg timing knowledge etc) rather than on the RF architecture that the UE implementation has selected. For example, if the UE implementation exploits knowledge that intraband contiguous timing should be better synchronised from a UE perspective than the 31.3us indicated in [5] for interband CA then it would be able to do this irrespective of whether it uses one or two RF chains to provide the signals to baseband. Having said this, there is merit in RAN4 developing generic requirements which allow as much commonality between intraband and interband CA in implementation, rather than optimising requirements for different cases. Another area in which either generic or optimised requirements could be considered is the MBSFN configuration of the SCell; the reduced number of CRS symbols in an MBSFN subframe means that channel aquistion can be expected to take longer when the SCell is configured for MBSFN operation.
In any rate, the activation time for an SCell specified in RAN1 is independent of the CA use case, and would be determined by the worst case if both intra and interband CA were considered separately. 
For this reason, we think that a single, generic setting of X can be considered, and the worst case for determining X is interband CA. For intraband CA some RF warmup delays are avoided as agreed in [3], and the timing difference between the PCell and the SCell may be better synchronised from a UE perspective.
Proposal 1 : For determing X, a generic setting applicable to interband and intraband CA can be considered. The most demanding case which can be used for analysis of X is likely to be interband CA.

Next we provide a budget for X, under the assumption that PSS/SSS timing aquistion is not needed before demodulation can start. As the UE has previously been measuring the SCell, it will have some prior knowledge of the SCell symbol timing.

	Startup of RF including possible power on, and PLL locking
	1ms
	

	AGC settling and Frequency lock/channel estimation
	4ms
	

	TOTAL
	5ms
	


Since the currently specified activation time is 8ms, which corresponds to 4ms for decoding the MAC-CE command and sending an ACK, and 4ms for activating the SCell receiver, this value for X would correspond to extending the activation time to 5ms . It should be noted that this analysis assumes that the UE has measured the candidate SCell, and is thus aware of the timing. This is the principal difference from the analysis in [4]. For deactivated SCell, measurements are always configured, so this should always be true on activation of an SCell. Based on this analysis we propose 

Proposal 2 : An activation time of 9ms is assumed, ie X=1ms additional to the 8ms already specified in [7]. 
Since SCells are always set to a deactivated state on initial configuration, according to [8], it does not seem necessary to make a corresponding relaxation to the configuration delay, regardless of the value of X which is agreed by RAN4. The relevant specification in [8] is:
5.3.10.3b
SCell addition/ modification

The UE shall:

1>
for each sCellIndex value included in the sCellToAddModList that is not part of the current UE configuration (SCell addition):

2>
add the SCell, corresponding to the cellIdentification, in accordance with the received radioResourceConfigCommonSCell and radioResourceConfigDedicatedSCell;

2>
configure lower layers to consider the SCell to be in deactivated state;
1>
for each sCellIndex value included in the sCellToAddModList that is part of the current UE configuration (SCell modification):

2>
modify the SCell configuration in accordance with the received radioResourceConfigDedicatedSCell;

In fact, RAN4 already agreed that “Additional Xms needs to be added to both configuration and activation time to account for channel startup processing (RF, AGC/frequency lock, timing acquisition etc” but we think that perhaps RAN4 didn’t consider the activation state after an SCell is configured. 
While noting that after the configuration of the SCell to deactivated state, the UE may need to start a new RF chain or make reconfiguration of the existing RF to measure the deactivated SCell without gaps, measurement periods are sufficiently long that this is not time critical, even tens of milliseconds of startup delay will not affect the availability of measurement results. Even if the UE has been unable to start the RF chain for the SCell by the end of the configuration phase, it could still take further time (until the end of an activation procedure, or until starting SCC measurement activity) without visibility to the eNB.However, a Pcell glitch may occur at SCell configuration and this is analysed in the next section.
Proposal 3 : No change needs to be made to configuration procedure delay to account for X=1ms as SCells are configured to deactivated state.
Considerations on Y
Y is the glitch time, which is defined as “Time that the UE does not receive PCell PDCCH, or has impaired performance eg due to AGC settling”. Since retuning only occurs for a single RF chain, it is not expected that there is any significant interruption to PCell reception for interband CA. For intraband CA, if the UE performs retuning then the RF local oscillator needs to be retuned, and AGC settling/channel estimation may impact the PCell PDCCH monitoring. Such a glitch may occur when an SCell is configured/deconfigured/activated/deactivated.
For the case where the SCell is activated/deactivated it will have been measured prior to activation/deactivation and it is reasonable to expect that both the SCell RSRP and the SCC RSSI are known by the UE. Thus, some prior information may exist for AGC setting.
Based on this, we think the following budget could be possible for the activation/deactivation case (similar to the case for glitches for measurement processing)
	Retuning of RF
	300us
	This value is assumed in the derivation of measurement gap requirements in 36.133

	AGC settling
	1ms
	

	Frequency lock/channel estimation
	2ms
	Assumed to be 2 sub-frames

	TOTAL
	3.3ms
	


When an SCell is first configured, there is a possibility that the SCell has not been previously measured by the UE, but only if the eNB does blind CA reconfiguration. However, even for this case we think that the AGC setting is somewhat predictable because if one RF chain is used the power differences between the carriers should be limited. Thus, the power should not typically increase by more than 7dB assuming 6dB power difference, and should never decrease. We therefore think that a 3.3ms interruption may be feasible also for the configuration case.
Noting that the longest MeasCycleSCell is 1280ms, and for deactivated SCell measurements with this measurement cycle 0.5% packet loss is allowed, it means that 0.5%*1280=6.4 packets can be lost per measurement on average. Since there are two retunings per measurement (before and after) it means that any implementation which cannot retune with close to 3.2ms interruption time cannot meet the existing requirement, and would therefore not perform retuning at all for measurements. If the implementation wants to retune when 640ms cycle is used, it needs to be capable of performing retuning with an average interruption of (0.5%*640ms)/2 = 1.6ms. Based on these considerations it also seems reasonable to assume that if UE really need 5ms interruption for retuning they would not be able to measure deactivated SCell with retuning at all, and would maintain the wider BW with the only glitch possibly occurring on configuration. In other words, under a 5ms interruption duration, the current 0.5% packet loss requirement for meaurements is not very useful to implementations,
Based on this analysis, it seems that the provisional interruption value of 5ms which was indicated in the way forward to be evaluated may be a bit too long compared with what is realistically achievable with good implementations, which can be expected to take account of prior knowledge of the PCC and SCC power levels (at least on SCell activation) to facilitate faster AGC settling. Hence we propose 3.3ms, with the understanding that implementations which are unable to meet 3.3ms interruption time are unlikely to perform retuning on activation/deactivation anyway.
Proposal 4 : Y=3.3ms is specified as interruption time by RAN4.

3. Conclusions

In this contribution we evaluate the remaining open issues for CA retuning and glitches, and provide 4 proposals related to the agreed way forward from RAN4#62bis [3]
Proposal 1 : For determing X, a generic setting applicable to interband and intraband CA can be considered. The most demanding case which can be used for analysis of X is likely to be interband CA.

Proposal 2 : An activation time of 9ms is assumed, ie X=1ms additional to the 8ms already specified in [7]. 

Proposal 3 : No change needs to be made to configuration procedure delay to account for X=1ms as SCells are configured to deactivated state.

Proposal 4 : X=3.3ms is specified as interruption time by RAN4
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RAN4 would like to thank RAN2 for their response LS on power imbalance between adjacent component carriers in [1]





RAN4 had further discussions on the necessity to have interruptions at SCell state transitions for intra-band contiguous carrier aggregation and reached the following agreements:


Interruptions on PCell are allowed when SCell is configured or deconfigured by RRC


Interruptions on PCell are allowed when SCell is activated or deactivated by MAC when scellMeasurementCycle >=640ms


No Interruptions on PCell are allowed when SCell is activated or deactivated when scellMeasurementCycle < 640ms as RAN2 understanding in their LS, and a CR [2] to capture the requirements was agreed.


 


The exact length of the interruptions is still under discussion but one proposal which has been discussed is for it to be up to [5] ms. 





The above interruptions will happen during the SCell configuration/deconfiguration procedure, for intra-band contiguous carrier aggregation hence, RAN4 asks kindly RAN2 to consider whether the above interruptions should be included in the RRC connection re-configuration procedure delay.





It should be noted that these interruptions are in addition to the autonomous interruptions that are allowed for intra-band SCell/ SCC measurements when scellMeasurementCycle >=640ms that are already specified in 36.133 for intra-band contiguous carrier aggregation.





RAN4 will further update RAN2 on the progress of the discussion and the agreements on the length of the interruptions.








2. Actions:


RAN4 kindly asks RAN2 to take into account the above clarifications on the PCell interruption time. 











The following way forward is agreed for further RAN4 work on CA glitches:





Additional Xms needs to be added to both configuration and activation time to account for channel startup processing (RF, AGC/frequency lock, timing acquisition etc). Value of X is FFS, contributions expected for RAN4#63.


8ms for deactivation is sufficient, ie no need to change current RAN1 specification


No need to account for RF warm up for an already running RF chain in configuration requirement. However glitch may still occur due to reconfiguration (eg retuning, AGC settling etc) of an already running RF chain.


Glitch definition is agreed to be “Time that the UE does not receive PCell PDCCH, or has impaired performance eg due to AGC settling” 


Glitch duration = [Y]ms, companies to evaluate Y=5ms


Interruption Requirement for activation shall be defined


Interruption will be allowed at deactivation, same requirement as activation (eg evaluate Y=5ms)












