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Discussion
1 Introduction

This document discusses UE receiver chain re-configuration issues in dynamic carrier aggregation scenarios, in response to [1].
2 Discussion

There are several higher layer states and events associated with a carrier component as part of carrier aggregation:

	Event
	State

	adding a CC
	configured but deactivated

	deleting a CC
	non-configured

	activating a CC
	activated

	deactivating a CC
	configured but deactivated


Figure 2-1 shows a state machine diagram for a downlink single component carrier.
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Figure 2-1. Downlink CC operational states
The addition/deletion of a CC is under the control of the RRC. The activation/deactivation of a CC is under control of the MAC.
2.1 Impact of CC State Change and Measurements on UE Physical Transceiver Resources

The two-tier CC scheme of configuration and activation has been designed to support power saving where the UE is not required to monitor control channels or perform CQI measurements on a subset of configured CC. The UE does not have to dedicate any full-time radio resource to configured-but-deactivated CCs.

Therefore, only activate and deactivate events have a direct bearing on the physical receiver resource: upon activation, the UE must allocate sufficient transceiver resource to cover the new CC, and upon deactivation, the UE will de-allocate this resource in order to save power [3].

The impact of resource allocation and de-allocation depends on the UE’s radio architecture and the CA scenario. There have been several RF transceiver architectures proposed for carrier aggregation [2]. Generally, for non-contiguous CA, the UE will allocate/de-allocate independent receiver resources, so state changes in one CC will have no bearing on the on-going communication on other CCs.

However, in the case of intra-band contiguous CA, the UE may employ a single receiver chain to receive several contiguous CC. In this case, activation of a new CC means re-setting the active receiver resources’ center frequency and bandwidth to accommodate the new CC, while deactivating a CC will mean reversing this process. Retuning is also required when a single transceiver is used to both receive an active CC and take measurements on an inactive CC. In these cases, an interruption of the on-going communication on the existing active CC is expected. The interruption time is discussed below.
2.2 Switching and Interruption Times
RF switching times are determined mainly by the following processes
· Analogue power-on including heating up the necessary LDOs

· Tuning the PLL and filter modification and settling times
· Synchronisation, gain convergence and optional calibration,
Power-up of an unused transceiver is dominated by the power-up and calibration times. The tuning of the PLL and filter modification is short in comparison. When a CC is activated it is assumed that re-synchronisation and AGC settling are not required because the UE has knowledge of RSSI in the target bandwidth (from CC monitoring). RF switching times are:
· Retuning an already powered up transceiver is up to 1ms

· Powering up a transceiver is up to 3ms
2.3 Timing of Interruptions and Signalling Aspects

As has been discussed above, there will be a short interruption of communication of a currently active CC whose radio is being re-configured to encompass a newly activated CC, or to remove a de-activated CC. It is possible for the eNB to predict that there will be an interruption if the eNB knows in which scenarios the UE will employ a single receiver chain to cover multiple downlink CC, and capability signalling schemes can be envisaged which would allow this (for example, the UE signalling the maximum bandwidth of each receiver resource, and a flag indicating that it would use one radio chain to cover contiguous CC within this bandwidth). The discussion of the capability signalling scheme is beyond the scope of this document.

However, we envisage a problem in this – the timing of the re-configuration is not easily predictable, as the MAC signalling to activate/de-activate is subject to HARQ re-transmissions, and therefore significant timing uncertainty exists in when the UE will receive the activation/de-activation command.
This timing uncertainty is not a problem for the other CC activation/de-activation aspects, as the system is robust to this (the eNB will wait for uplink signalling before scheduling data in the downlink), so neither explicit activation time nor implicit assumptions on the configuration delay is needed for the activation and de-activation commands.
For measurements, the timing of interruptions is not critical, as the eNB will have to schedule these explicitly, and can therefore synchronise its data scheduling to the UE in question.

3 Summary
For the activation of a CC in carrier aggregation, there are two cases: 

1. Spare transceiver resource can be switched on resulting in no interruption of existing active carrier components. In this case the power up/down is <3ms (Case B from carrier activation/deactivation in [1]).

2. An already active transceiver resource has its bandwidth widened to include the newly activated carrier component. In this case there would be an interruption in reception on the existing carrier component of <1ms at the activation/deactivation point (Case A from carrier activation/deactivation in [1]).

For CA measurements, there are three cases:

1. There is a spare RX resource which can be powered-up to take inactive CC measurements. In this case there is no interruption of any active carrier components (Case B from measurements in inactive state in [1]).
2. An already active RX resource can have its bandwidth modified to take a measurement. In this case, there is a short interruption of <1ms in reception at the start and end of the measurement gap (Case A from measurements in inactive state in [1]). The difficulty with dealing with this is that the eNB would need to be informed of the timing of the measurements, or that the eNB would have to schedule measurement occasions analogous to those for Rel-8/9 inter-frequency measurements to cope with these interruptions. It is questionable whether the gain in downlink resource availability (6ms for a Rel-8/9 measurement gap versus 2x1ms) would be worth the changes to the Rel-10 specifications to support this feature. 
It is possible to define a shorter measurement gap to cover the two radio re-tuning events and a shortened monitoring measurement on CCs whose cell identities are already known.
3. There is no spare RX resource and bandwidth modification cannot be used to measure the CC. In this case, one of the currently activated carrier components would have to be retuned to perform inactive CC measurements. This would result in an interruption of up to 6ms using Rel-8/9 measurement gaps. The eNB would also be required to inform the UE which RX resource to reuse during the measurement gap. If this case is to be supported then it would be mandatory for the UE to support measurement gaps for CA (Case C from measurements in inactive state in [1]).
On the signalling aspects, it is possible for the eNB to predict the occurrence of interruptions on CC activation and de-activation, given some capability signalling extensions. However, the timing of these interruptions are not currently predictable, so either an explicit activation time needs to be added to the CC activation/de-activation MAC signalling, which adds latency to CC activation/de-activation, or the eNB can not protect the ongoing communication from corruption during radio re-configurations.
4 Conclusions
This document discusses the RF switching time for CC activation and CC measurements. We kindly ask these are taken into consideration when replying to [1].
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