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1 Introduction

The D2D operation takes place on UL carrier in FDD spectrum and on UL subframes in TDD spectrum.   This basically means that the UL resources are shared between D2D UEs and cellular UEs. This may have some impacts on the existing cellular requirements. The objective of this contribution is to study the D2D operation impact on cellular cell operating CA. It is assumed that the D2D is operated on the UL resources of the PCell. This requires resource partitioning and results in interruptions.  
2 Discussion
Impact of PCell interruption in RRC connected state
PCell interruption of 1 subframe occurs when UE switches its reception between D2D-to-WAN or WAN-to-D2D. The impact in RRC connected state in DL, UL with respect to CA is analyzed below.

Downlink impact due to PCell interruption:
The receiver chain needs to be retuned every time the operation is switched from WAN to D2D reception and from D2D to WAN reception. This applies to both D2D discovery and D2D communication capable UEs. The subframe in which the switching occurs becomes unusable as illustrated in Figure 1. It can be seen in this figure that PCell is interrupted when the receiver is retuned while the SCell is unaffected. It is important to partition resources between UL cellular and D2D and do the scheduling in such a way that avoid or minimize the risk of switching taking place in certain subframe, subframe #0 and/or #5, of PCell. These subframes contain essential information such as PSS/SSS that are necessary for doing cell search, carrying out cell measurements and they also contain MIB/SIB1 information which is necessary for SI reading procedures. 
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Figure 1: Illustration of UE operating CA and D2D configured on PCell, and interruption caused due to switching.   

One example UE implementation where subframe #0 is made available in WAN and subframe #5 is missed in WAN is illustrated in Figure 2. In this figure D2D is operated on subframe #5 in UL spectrum. This implies that, and as pointed out in [2], the subframe before (#4) and after (#6) becomes unusable in both uplink and downlink of the PCell because of retuning of receiver.   
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Figure 2: An example in which the PSS/SSS subframe is protected by good scheduling.

Example illustrated in Figure 3 shows a bad UE implementation in which both subframes #0 and #5 become unusable due to that switching takes place in these subframes. If this kind of behaviour is repeated in every radio frame this may have significant impact on the UE performance. One consequence if subframe #0 and #5 are missed repeatedly is that UE may fail to identify new neighbouring cells according to the requirements which mean that new SCells can be detected and configured. 
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Figure 3: An example in which PSS/SSS collide with switching subframe
Uplink impact due to PCell interruption:
The consequence of the PCell interruption is that both downlink and uplink in the particular subframe in which the switching is occurs becomes unusable due to retuning of receiver. Various uplink measurement reporting may be impacted provided the switching subframes collide in time with the scheduled uplink subframe. One type of uplink measurement that may be impacted is the CSI reporting. Once a SCell has been configured the UE is required to measure the CSI and transmit measurement report on the SCell. If UL subframes scheduled to transmit CSI collide with D2D the cellular WAN operation should be prioritized over the D2D. Otherwise the SCell adding/releasing and activation/deactivation may be impacted, and eventually also CA operation may fail. 

Though the uplink impact was only exemplified above for the CSI measurements, it is to be noted that the same prioritization is to be made for all type of WAN measurements if they happen to collide with D2D. The resource partitioning should also take into account the switching subframe and try to minimize the impact on cellular uplink operation. 
SCell configuration impact:
The discussion in this section assumes that Carrier Aggregation (CA) is operated on cellar frequency for cellular UEs and D2D operations use no CA. 
The existing requirements in section 7.8 in [1] define delay or interruption during which the UE shall be able to configure a second carrier or SCell. The steps involved are adding/releasing of SCell, and then activating/deactivating of the SCell. Each of these steps results in a short interruption in PCell. The current requirements for interruptions with CA are as follows, and they are applicable for both FDD and TDD: 

· Interruption at SCell addition/release for intra-band CA: up to 5 subframes

· Interruption at SCell addition/release for inter-band CA: up to [1] subframes

· Interruption at SCell activation/de-activation for intra-band CA: up to 5 subframes

· Interruption at SCell activation/de-activation for intra-band CA: up to 1 subframes

· Interruption during measurements on SCC for intra-band CA: up to 5 subframes

· Interruption during measurements on SCC for inter-band CA: up to 1 subframes

The interruption requirements for use of multiple downlink SCells can be found in 7.8 in [1].

Figure 4 shows the different type of interruption that can occur in PCell and D2D operation during SCell configuration. The first interruption in figure illustrates the addition of a SCell and this interruption can be up to 5 subframes for intra-band CA. This means that during these 5 subframes no operation is possible in both PCell and D2D. Similarly, the second interruption shows the activation, third interruption showing the deactivation and finally the fourth interruption shows the releasing of SCell. It is noteworthy that the existing CA interruptions also apply for D2D operation. 
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Figure 4: Interruption in PCell and D2D operation during SCell addition, activation, deactivation and release. 
Impact of PCell interruption in RRC idle state
The PCell interruption will also be 1 subframe when UE in idle state switches its reception between D2D-to-WAN or WAN-to-D2D. In RRC idle state the UE receives paging as well as system information (SI) e.g. MIB, SIBs.

The reception of paging and SI may therefore be affected due to PCell interruption if PCell interruption due to switching occurs in subframes containing paging or SI.

Therefore PCell interruption requirements due to switching reception between D2D-to-WAN or WAN-to-D2D also needs be defined RRC in idle state.
Impact of PCell interruption in Out-of-Coverage state
In out-of-coverage state the UE does not receive or transmit any signals to WAN. Therefore no PCell interruption requirements due to switching reception between D2D-to-WAN or WAN-to-D2D needs to be defined out-of-coverage state.
3 Summary  
In this paper we have discussed the PCell impact due to simultaneous operation of PCell and D2D. In addition to existing requirements on interruption during CA SCell configuration there may be additional interruption on PCell caused by switching of operation between WAN and D2D. RAN4 needs to define the PCell interruption requirements due to switching receptions between WAN and D2D. The main proposals are:
· Proposal 1: PCell interruption requirements due to switching reception between D2D-to-WAN or WAN-to-D2D also needs be defined RRC connected state.
· Proposal 2: PCell interruption requirements due to switching reception between D2D-to-WAN or WAN-to-D2D also needs be defined RRC in idle state.

· Proposal 4: PCell interruption of up to 1 ms is allowed for both D2D discovery and D2D communication capable UEs in both idle and RRC connected states.
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