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1   Introduction
In the last meeting, RAN4 received the RAN2 LS on UE RF model and capability [1]. It asked RAN4 what form and how long of the interruption is need during carrier addition/deletion or activation/ deactivation, and measurement on non-configured or configured-but-deactivated carrier during CA operations in RRC connected mode. RAN4 has drafted a reply LS to answer those questions [2]. However the relay LS was not approved mainly due to the interruption time of 2ms.
This document discusses the interruption time further.

2
Discussion
2.1
Length of interruption

In the reply LS [2], RAN4 answered those questions considering the following three cases:

Case A: currently operating RF chain and baseband can continue to be used, but might have to be re-tuned.
Case B: a separate RF chain that is not currently operating needs to be activated.
Case C:
Neither of case A nor case B (Aggregated set including the activated CCs + measured CC can not be supported by UE RF capability)

For case B, RAN4 get consensus that carrier addition/deletion or activation/deactivation and measurement on a configured-but-deactivated carrier will not result in any interruption for ongoing communication.

For case C, the measurement carrier should not be a configured-but-deactivated carrier. The measurement shall be inter-frequency measurement. A measurement GAP similar to R8/R9 measurement GAP is needed. In the initial phase of LTE, there are already considerable analysis shows that the state of art technology allows 250us for one way frequency changing. However from RRM specification [3], the measurement GAP length is 6ms including 5ms measurement period and 1ms for two re-tuning frequency operation. It is mean that up to 500μs is permitted for re-tuning from operating frequency to measurement frequency and vice visa. This means that the interruption time can be in the range of 250-500us for one frequency re-tuning. 
For case A, RAN4 get consensus that addition/deletion or activation/deactivation and measurement on a configured-but-deactivated carrier will result in an interruption for ongoing communication on the currently active CC whose radio is being re-configured to change its centre frequency and bandwidth. From UE radio point of view, there is not any difference between these actions and that for inter frequency measurement, except that the bandwidth may be larger than 20MHz in CA and always including ongoing communication carrier before and after center frequency changing. So, we think that it is reasonable to assume the interruption time of ongoing communication on the currently active CC can also be in the range of 250us to 500μs.
2.2
Impact on E-UTRA TDD
We know the E-UTRA TDD is Time Division Duplex. The downlink and uplink is working alternately, shown in figure 1. The switch from downlink to uplink is performed in guard period (GP). For switch from uplink to downlink, we designed a fixed time advance for TDD UE transmission to get a minimum 20μs guard period between uplink subframe and downlink subframe.
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Figure 1: Frame structure type 2 (for 5 ms switch-point periodicity).
In R8/9, the UE operating bandwidth as well as the centre frequency of downlink and uplink is the same and transmitter and receiver can use same oscillator. But in CA case, the bandwidth and center frequency of downlink and uplink of UE may be different, e.g. the receiver works on CC1 and CC2, meanwhile the transmitter works only on CC1 or CC2. The working center frequency will be changed when switching from downlink sub-frame to uplink sub-frame or vice versa. Due to limited guard time for frequency retuning at UL/DL and DL/UL switching point, it is not possible for TDD UE with a single oscillator to activate/deactivate carriers timely. Then R10 UE may need to use separate oscillator for transmitter and receiver in order to support possible different center frequency between uplink and downlink.
For TDD case A, the addition/deletion or activation/deactivation of a carrier occurring between continuous uplink of downlink sub-frames will have impact on the ongoing communication since the interruption time can be up to 250-500us. However, we think that these actions are not necessarily performed between continuous uplink or downlink subframes in case A. It means that the carrier status can be kept unchanged during whole uplink period or whole downlink period in a frame or half frame depending on selected UL/DL configurations. Then we can use uplink time period for UE subsequent downlink receiving frequency re-tuning and use downlink time period for UE subsequent UL transmitting frequency re-tuning to take advantage of separate oscillator design for UL and DL as analyzed in section 2.1. In this case there will be no impact on on-going communications and no additional signaling related to UE capability indication is needed. 
3 Conclusion
In this document, we analyzed the interruption time for ongoing communication when performing carrier addition/deletion or activation/deactivation and the impact for E-UTRA TDD. The following conclusion can be made based on the analysis in this document.
- The interruption time of ongoing communication due to carrier activation/deactivation should be in the range of 250-500μs.

       - For E-UTRA TDD, carrier activation/deactivation will have no impact on UE ongoing communication since anyway UE need to have separate oscillator design for transmitter and receiver.
- For E-UTRA TDD, no additional signalling of UE capability is required for eNB to distinguish UE receiver structure.
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