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1. Introduction

In LS R2-104181, RAN2 enquires RAN4’s point of view regarding the glitches due to RF retuning. There was an extensive discussion on this topic in previous RAN4 meeting however consensus was not obtained on all aspects, especially on the power saving due to the RF retuning.
This contribution gives some further considerations for this topic.

2. Discussion

In previous meeting the RF retuning issue for a UE with one RF chain under the intra-frequency carrier aggregation is discussed.  Although there is no consensus on the amount of power saving, the common understanding is that most of the potential of the power saving comes from ADC whereas the power consumption of other RF components is nearly independent on the bandwidth, such as LNA and mixers. 
2.1 Potential on power saving
Giving an accurate estimation of the amount of power saving is not easy since the power saving depends on a lot of factors such as how many deactivated carriers exist compared to the total number of carriers, the measurement strategy on the deactivated carriers and the retuning strategy of a UE. It is also important that the potential of power saving should be analyzed under a wide range of scenarios instead of focusing on Rel-10 only scenarios which has some limited scope, for example, typically two component carriers at the downlink. Assume there are 3 10 MHz component carriers at the downlink and one is active, one is deactivated and the last one is not configured. Without retuning the RF part of UE will always use a 30 MHz bandwidth. With retuning, when measuring deactivated carriers the RF bandwidth could be increased before each measurement occasion and return to its normal state (in this case 10 MHz) after this measurement occasion. Since the duration of one measurement occasion is quite short, most of the time the RF bandwidth of a UE is 10 MHz in this example. The power consumption of the ADC with retuning could be about one third of that without retuning, based on the assumption that the ADC current is linear with the sampling frequency for a particular bandwidth. For such a large bandwidth in this case (multiple of 10 MHz), the power consumption of the ADC is one of the significant parts of the power consumption of the whole RF part. Therefore the power saving through retuning is not negligible.
2.2 Interruption period reduction

Regarding the packet loss due to retuning, a very simple analysis is given in [1]. With the assumption that the interruption time is 3ms, the measurement period for the deactivated carrier is 800ms and 5 measurements per measurement period, the glitch (interruption) ratio to the total sub-frames being transmitted could be (2*3*5)/800 = 3.75%. However this analysis only considers the extreme situation and various ways could be used to reduce this interruption ratio. 
2.2.1 RF retuning with carrier activation/deactivation

If RF retuning happens when a carrier activation/deactivation operation happens, glitch may occur when a UE tries to measure the deactivated carrier. However the glitch may not happen at each deactivated carrier measurement occasions. Basically after retuning, a UE need not go back to its original bandwidth immediately. For example a UE may decide to go back to its original bandwidth per two measurement occasions, then the interruption ratio in previous case is (2*3*5/2)/800 = 1.875% with the price of reducing the power saving potential of retuning. If we consider another extreme, i.e., assuming the interruption is 1 ms and the measurement period is 3200 ms based on [2], the interruption ratio could be (2*1*5/2)/3200 = 0.156% for the former case. 
Secondly for a scenario when measurement gaps are allocated for inter-frequency/RAT or non-configured carrier measurement [3], especially when measurement gaps are allocated for a UE with DRX, it is possible for a UE to find some unused measurement gap and utilize those unused measurement gap to perform retuning and deactivated carrier measurement. The packet loss can be reduced under this scenario. Of course all requirements of targets (inter frequency/RAT measurement etc.) of the measurement gap should be guaranteed firstly.

Finally for a UE with DRX, it is also possible for a UE to perform RF retuning and deactivated carrier measurement during the DRX “off” duration to avoid losing any transmissions on activated carriers.

2.2 2 RF retuning with carrier addition/deletion

The RF retuning could also happen when a carrier addition/deletion operation happens, i.e., the RF bandwidth is configured to be the same as the summation of all activated and deactivated carriers. Intuitively the addition/deletion operation will not happen frequently hence the interruption caused by retuning can be neglected whereas there is still some power saving since the impact of non-configured carriers on the ADC’s power consumption is excluded.
In summary, RF retuning could bring noticeable power saving under some particular scenarios and it is a UE implementation issue. RF retuning should therefore not be excluded in the specification. 
3. Conclusion

In this contribution the potential of power saving of the RF retuning is analyzed and several ways to reduce the potential packet loss caused by the RF retuning are also discussed. The conclusion is that the RF retuning is an UE implementation issue and should not be explicitly excluded in the specification. 
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