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1. Introduction
RAN2 in their last meeting, as indicated in the LS to RAN4 [1], decided to retain the functionality of the activation and deactivation of the secondary cells performed by the MAC layer in LTE advanced carrier aggregation. The activation/deactivation of the secondary cell causes interruption or glitches on all the activated component carriers (i.e. on the primary cell in case there are two cells in total) due to the RF bandwidth retuning. 
As a way forward RAN2 has discussed the following two possible solutions indicated in the LS [1]:

· Solution A: Prohibit glitches (i.e. prohibit RF bandwidth retuning)
· Solution B: Allow intra-band glitches (i.e. allow RF bandwidth retuning)
In order for RAN2 to conclude which of the above two solutions is more feasible, RAN4 has been requested to address the following questions:

· Question 1: How often does RAN4 expect UEs to perform RRM measurements on deactivated SCells?
· Question 2: If glitches are allowed, what is the expected size of the glitch (e.g. 1ms)?
· Question 3: Can (and how significant) UE battery consumption savings be obtained from allowing a UE to retune the RF bandwidth of a RF component according to the activation/deactivation status of the configured SCells? The interest is to know the gains purely from RF bandwidth retuning (i.e. separately from other aspects such as baseband processing).
Similar questions were also raised in an earlier RAN2 LS [2]. However RAN4 has not yet sent any response to RAN2. 

In this paper we discuss the implication of the two solutions on the system performance and provide our views, which could be used to draft response LS to RAN2. 
2. Interruption due to Activation/Deactivation of Scell
In order to conclude which of the two solutions (A or B) is suitable, it is important to identify the interruption caused due to the activation/deactivation of the Scell. In the last meeting we already provided the performance figures for the interruption in various cases [3]. 
The interruption time depends upon the UE RF architecture (single RF chain or multiple RF chain). We focus on the case when there is single RF chain as the interruption in this case is more severe. 
2.1 UE Architecture with Single RF Chain 
This is typically a case of the intra-band contiguous carrier aggregation. It should be noted that the interruption occurs both on DL Pcell and UL Pcell when either the DL or UL Scell is activated or deactivated. 
The interruption on the Pcell is contributed due to the following factors:

· Frequency switching delay i.e. LO frequency adjustment

· Bandwidth adjustment i.e. changing the BW from 40 MHz to 20 MHz or vice versa

· Time required to set the AGC
It is observed that more time is needed when UL Scell is activated/deactivated as compared to the case when DL Scell is activated/deactivated because the UE may have to adjust the UL transmit timing after the activation/deactivation is done. 

In case both DL and UL Scell are activated or deactivated then even longer time is required because the UE cannot adjust its UL timing until the received DL Pcell in the UE is properly received.

Based on the reasons cited above the expected interruption times on DL Pcell and UL Pcell are in the range:
· 2 TTI; when the DL Scell is activated or deactivated. 
· 2 TTI; when UL Scell is activated or deactivated. 
· 2 -3 TTI; when both UL Scell and DL Scell are activated or deactivated at the same time.
3. Interruption due to Measurement on Deactivated Scell
RAN2 has also requested RAN4 about the interruption caused on the downlink and uplink Pcell when the UE performs the RRM measurements on the deactivated Scell. It has been agreed in RAN4 that UE will perform RRM measurements on the deactivated Scell without gaps [4]. RAN4 will perform studies to derive the suitable RRM requirements for the deactivated Scell based on the agreed assumptions [5]. 
3.1 UE Architecture with Single RF Chain
As discussed in our earlier paper that the interruption on the Pcell occurs before and after the UE obtains measurement samples for cell search or for RSRP/RSRQ measurements [3]. This is illustrated in figure 1. The interruption occurs because the UE will have to extend the bandwidth of the downlink Scell from 20 MHz to 40 MHz and retune it from 40 MHz to 20 MHz. Hence the interruption before and after the measurement, would be in the order of 2 TTI (i.e. in each direction of BW tuning) for the reasons cited in section 2.1. It is also important to note that these interruptions are accompanied with each measurement sample and cannot be predicted by the eNode B since measurement sampling is UE implementation dependent. 
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Figure 1: Interruption of Pcell due to measurements on cells on the deactivated component carriers in case of intra-band contiguous carrier aggregation
4. Impact of Interruptions on Network Performance
It is observed in section 3 that the interruptions or glitches on the Pcell are substantial due to Scell activation/deactivation and RRM measurements when the UE RF architecture comprises of a single RF chain. 
This will result in loss of data sent to the UE during these interruptions. Alternatively the eNode B has to refrain from scheduling the UE during these interruption occasions. It is up to the network how often the Scell is activated or deactivated. Too frequency activation/deactivation would mean more frequent interruptions. This in turn would cause delay and loss of throughput. Furthermore eNode B cannot predict all types of interruptions such as occurring due to the measurements on the deactivated Scell. These types of interruptions are unpredictable since the measurement sampling is UE implementation specific and depending upon UE implementation could also vary due to other factors such as the number of cells to be monitored, radio conditions etc. 

In general we believe that interruptions due to both activation/deactivation and measurements lead to substantial performance loss. Therefore such interruptions are avoided. We also believe that the retuning of the UE RF front end does not provide any significant UE power saving. 
2. Summary of Proposal and Responses
Based on the analysis presented in this paper the following responses to the questions raised by RAN2 are proposed:
Question 1: How often does RAN4 expect UEs to perform RRM measurements on deactivated SCells?
[Response]: The UE is expected to perform RRM measurements on deactivated Scell less frequently compared to those performed on the activated Scell or Pcell. Nevertheless, the UE will have to regularly perform cell search and RSRP/RSRQ measurements on number of cells belonging to the secondary component carrier. Using the release 8/9 DRX based L1 measurement periods, RAN4 is currently performing system studies to identify suitable L1 measurement period for measuring on deactivated Scell.   
Question 2: If glitches are allowed, what is the expected size of the glitch (e.g. 1ms)?
[Response]: The glitch for UE depends upon the scenario i.e. whether only UL Scell or DL Scell or both UL and DL Scells are activated/deactivated. The glitch for the UE with single RF chain can vary between 2-3 TTI depending upon the scenario.
Question 3: Can (and how significant) UE battery consumption savings be obtained from allowing a UE to retune the RF bandwidth of a RF component according to the activation/deactivation status of the configured SCells? The interest is to know the gains purely from RF bandwidth retuning (i.e. separately from other aspects such as baseband processing).
[Response]: The saving in the UE battery by allowing the UE to retune its RF bandwidth when Scell is activated or deactivated is not very significant. 
In the light of the above responses we also recommend that RAN2 adopts ‘Solution A’, which prohibits the UE from tuning its RF bandwidth due to Scell activation/deactivation or when RRM measurements are performed. A draft LS response to RAN2 is also provided in [6]. 

The solution A if accepted can be enforced through defining appropriate requirements, which guarantee that no interruptions occur upon activation/deactivation of the Scell. Hence it is not to be explicitly stated in the specification that the UE is forbidden to retune its RF bandwidth upon the activation/deactivation of the Scell.
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