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1. Introduction
In the last RAN4 meeting, the RAN2 incoming LS on UE RF model capability [1], was briefly discussed. Due to lack of time no agreement was reached and as a consequence no response was sent to RAN2. The RAN2 LS [1] mainly contains questions related to the interruption on the PCC when SCC is activated or deactivated or when the measurements are performed on the deactivated carriers. Some of these issues have been discussed in RAN4 in the previous meetings [2-5]. 

In this paper we provide initial performance figures for the interruption or the so-called glitches, which occur due to the deactivation/activation of SCC or due to the measurements on the deactivated component carriers. We analyze the implication on the performance and suggest a way forward.
2. Interruption due to Activation/Deactivation of SCC
When a secondary component carrier (SCC) is activated or deactivated an interruption occurs on all the activated component carriers including the primary component carrier (PCC). In the paper the analysis is carried out by assuming that there are two configured component carriers in total: PCC and SCC. Hence in this case the interruption will occur on the primary component carrier (PCC). If there are more than 2 configured CCs then interruption will occur on the PCC and all the activated CCs when any of the CC is activated or deactivated.  

The interruption time depends upon the UE RF architecture (single RF chain or multiple RF chain) as discussed below: 
2.1 Intra-band Contiguous Case
In case of intra-band contiguous carrier aggregation scenario, the UE typically uses singe RF chain for serving both PCC and SCC. In this case the main cause of the interruption is due to the tuning of the center frequency and the RF bandwidth (i.e. changing from 40 MHz to 20 MHz or vice versa) when the SCC is activated or activated. It should be noted that the interruption occurs both on DL PCC and UL PCC when either the DL or UL SCC is activated or deactivated. 

The expected interruption times on DL PCC and UL PCC are in the range:
· 1-2 TTI; when the DL SCC is activated or deactivated. 
· 2 TTI; when UL SCC is activated or deactivated. 
· 2 -3 TTI; when both UL SCC and DL SCC are activated or deactivated at the same time.
2.2 Inter-band Non-contiguous Case

In case of inter-band non-contiguous carrier aggregation scenario, the UE has independent RF chain for each component carriers. In principle the activation or deactivation of the SCC does not require the UE to retune its RF chain used for the PCC. However the impact of activation and deactivation on the baseband processing needs to be further studied. In case of DB-DC-HSDPA, it was concluded in RAN4 that the activation or deactivation of the downlink secondary carrier causes an interruption of about 200 (s on the primary component carrier. Nonetheless in this case any possible interruption due to the baseband processing will be negligibly small compared to the intra-band counterpart.
2. Interruption due to Measurement on Deactivated SCC
3.1 Intra-band Contiguous Case

When the UE obtains a measurement sample for cell search or for neighbor cell measurements (RSRP or RSRQ) on a cell belonging to a deactivated SCC, the UE also needs to tune the center frequency and the RF bandwidth. After the measurement is done the UE retunes the center frequency and the RF bandwidth. 

The interruption occurs each time the bandwidth is extended from 20 MHz to 40 MHz and retuned from 40 MHz to 20 MHz. The interruption in each direction in this case is between 1-2 TTI since UE has to retune the center frequency and the bandwidth of the downlink. This means an interruption would occur on the PCC before and after each measurement sample. As a consequence the UE can neither transmit nor receive on the DL and UL PCC. However the interruption does not occur while the UE is performing the measurement (i.e. when identifying or sampling an identified neighbor cell) on the secondary carrier. This is illustrated in figure 1.
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Figure 1: Interruption of PCC due to measurements on cells on the deactivated component carriers in case of intra-band contiguous carrier aggregation
3.2 Inter-band Non-contiguous Case
In case of inter-band non-contiguous case the interruption on the PCC when the UE samples a cell on the SCC would be non-existent or negligibly small. 
3. Impact of Interruptions on Network Performance
It has been observed in section 3 that the interruptions on the PCC are unavoidable in case of intra-band contiguous carrier aggregation when a SCC is activated/deactivated or when a cell on a deactivated SCC is measured/sampled by the UE. 

The main impact of the interruption is that the UE cannot receive or transmit during the interruption. 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 SCC 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 SCC. 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 don’t believe that the retuning of the UE RF front end provides any significant UE power saving. However the functionality of the activation/deactivation of CC may still enable UE power saving due to the reduced baseband processing (PDCCH & PDSCH).
4. Summary of Proposal

Based on the analysis presented in this paper we conclude and suggest the following assuming there are two component carriers (CCs) in total including the PCC:
· Proposal # 1: The interruption on the PCC is not allowed due to the activation/deactivation of SCC. This means UE with single RF chain is not allowed to retune its radio front end in this case. 
· Proposal # 2: The interruption on the PCC is not allowed due to the measurements performed by the UE on the deactivated SCC. This means UE with single RF chain is also not allowed to retune its radio front end in this case. 
· Proposal # 3: The UE is only allowed to retune its radio, which may cause interruption, upon configuration or removal of SCC.

· Proposal # 4: The functionality of the activation/deactivation of CC is retained since it will enable UE power saving due to the reduced baseband processing (PDCCH & PDSCH). This also provides more significant power saving in inter-band non-contiguous scenarios, where UE has multiple RFs and involve no or negligible interruption.
· Proposal # 5: Communicate the interruption time figures for different scenarios to RAN2, which can further assess the implication on the network performance.
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