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1 Introduction

The objective of this paper is to discuss how the cellular requirements are affected when there are both cellular and D2D UEs. As stated in other contributions [1] D2D UEs operate on the UL resources of UL part of FDD or TDD spectrum. This basically means that the UL resources are shared between D2D UEs and cellular UEs. This may have some impact on the existing cellular requirements and therefore this contribution identifies some potential issues in need of further study. 
2 Background
D2D operation

The D2D operation in cellular network is very similar to Half Duplex - FDD (HD-FDD) operation. One similarity is that UL resources are shared between UL cellular operation and D2D operation and they cannot take place simultaneously in time in the same cell. Another similarity is that there is a cost of switching from cellular operation to D2D operation and vice versa. The cost is 1 subframe, aka a switching subframe that becomes unusable for transmission and reception. In the case of a singlereceiver, this switching causes an interruption of 1 subframe in both DL and UL of the cellular cell. This was agreed in the last meeting and noted in the LS that was sent to RAN1 [3].
3 Discussion
The UE is required to perform numerous measurements and send transmit measurement reports or periodic signals in UL. The interruptions caused by switching of operation between cellular and D2D affect the DL resources and thereby also the DL opportunities to do measurements, but also UL resources. 
Cell search procedure:

The cell search procedure applies to UEs in RRC_CONNECTED state and during this procedure the UEs try to identify their neighbouring cells provided that their serving cell is already identified and the carrier frequency synchronization is already known at the UE. Finding new neighbouring cells is fundamental to support functionality such as mobility. It is only when the new cells have been identified the RRM measurements such as RSRP/RSRQ, which serve as basis for mobility decisions, can be carried out. 

Cell identification includes both detecting a cell (i.e. acquisition of Physical Cell ID) and also performing a single measurement on the identified cell. The existing requirement for PCI acquisition time is 600 ms which means that PSS/SSS have to be found within this time. In a typical FDD scenario, both PSS/SSS information are provided in subframes #0 and #5 and UEs are always able to perform downlink measurements. However, in the case with D2D operation certain DL subframes become unusable due to interruption caused by switching of operation mode. Therefore it is important that the resource partitioning for D2D and cellular operation takes this into account and the eNB scheduling should be such that at least one DL subframe (subframe #0 or #5) per radio frame is guaranteed at the UE. If at least DL subframe # 0 or # 5 in each radio frame is available at the UE then both D2D discovery and D2D communication capable UEs should be able to meet the existing cell search requirements. 

This means the D2D discovery capable UE will have to typically prioritize the reception of DL subframe #0 or #5 over discovery signals in case both occur simultaneously. 
· Proposal #1: At least one cellular DL subframe,  subframe 0 or 5, is available in every radio frame for cell identification purpose. 

Paging requirement:
The UE may receive paging during a paging occasion (PO), which is a subframe where paging is sent. The UE is required to monitor one PO per DRX cycle [2]. It is important that PO is not affected by switching between D2D and cellular operation. Secondly the D2D discovery capable UE should hence prioritize the monitoring of PO over reception of discovery signals in case both occur simultaneously.

· Proposal #1: The D2D capable UE shall prioritize the monitoring of paging occasion over reception of discovery signals in case both occur simultaneously.     

RRM measurements:
Downlink measurements:

Downlink cell measurements (e.g. RSRP, RSRQ) are performed on serving cells and up to 7 intra-frequency neighbour cells which may or may not be synchronized. Therefore typically the UE would require a certain number of DL subframes per radio frame. The DL part of UE Rx-Tx time difference measurement is also done on CRS in DL subframes. 

For D2D capable UEs, sharing the UL resources between cellular UEs and D2D, the switching between the two operations causes one lost subframe. This reduces the opportunities to perform DL cell measurements. It is important that resource partitioning and scheduling are such that the DL cell measurements are not affected. 
To allow the HD-FDD capable UE category 0 (i.e. low cost MTC UE) to meet the RSRP/RSRQ measurement requirements, certain number of DL subframes per radio frame are required to be available at the UE. This condition is captured for the RSRP/RSRQ measurement requirements for HD-FDD UE Category 0. More specifically, for the HD-FDD operation of UE Category 0 at least one DL subframe per radio frame of measured cell is made available at the UE for RSRP/RSRQ measurement assuming the measured cell is the identified cell. A similar approach can be used for a D2D capable UE, e.g., the D2D capable UE shall meet the existing RSRP/RSRQ measurement requirements provided at least one DL subframe per radio frame is available at the UE for RSRP/RSRQ measurements.
· Proposal #2: The D2D capable UE shall meet the existing requirement on cell measurements provided at least one DL subframe per radio frame is available at the UE for RSRP/RSRQ measurements.     
Uplink measurements:

The UE may also be configured to transmit UL signals like SRS which are used by the UE for performing measurement on the uplink part of UE Rx-Tx time difference measurement. Typically the UE should be guaranteed to transmit one UL subframe with SRS per radio frame to meet the existing requirements.  Therefore under the condition that if one UL subframe with SRS per radio frame and at least one DL subframe per radio frame are available at the UE then the UE should meet the existing UE Rx-Tx time difference measurement requirements. 

· Proposal 3: The D2D capable UE shall meet the existing UE Rx-Tx time difference measurement requirements provided at least one DL subframe per radio frame is available at the UE. 
RLM measurements:
Another factor that increases the subframe constraints is the Radio Link Monitoring feature which is carried out by UEs in RRC_CONNECTED mode. In this procedure the link quality is monitored by measuring the SNR of the serving cell. The approach used for HD-FDD operation of UE Category 0 can be used here as well. This basically means that at least one DL subframe per radio frame of PCell/serving cell is available at the D2D capable UE for RLM purpose. The D2D capable UE should meet the existing RLM requirements provided this condition is met.
· Proposal 4: The D2D capable UE shall meet the existing RLM requirements provided at least one DL subframe per radio frame of PCell is available. 
Measurement reporting delay:
Besides DL subframes required for performing cell measurements, the UE is also required to transmit periodic and/or event-triggered measurements/signals in UL. Due to D2D transmission in certain subframes, the reporting delay will have to be extended unless the UE prioritizes the measurement reporting over D2D operation. If there is a preference for allowing additional delay in measurement reporting then it needs to be specified that when UE is configured with D2D operation, an additional delay in measurement reporting is expected, however we prefer that the UE does not cause any additional delay due to D2D.
· Proposal #5: The D2D capable UE shall prioritize the measurement reporting over D2D operation. 
Measurement gaps:
Autonomous gaps or measurement gaps are time periods created by an UE to perform inter-frequency or inter-RAT measurements. During these gaps the UE refrains from any transmission in both UL and DL. We suggest that if the D2D capable UE is configured with measurement gaps then the D2D UE should prioritize the inter-frequency and inter-RAT measurements over D2D operation in case the latter occurs during the gaps. 
Similarly if the D2D capable UE is required to create autonomous gaps for acquiring the CGI, then the D2D UE should prioritize the creation of the autonomous gaps for CGI acquisition over D2D operation in case the latter occurs during the gaps.
· Proposal #6: The D2D capable UE which is configured with autonomous- and measurement gaps should prioritize the measurements using the gaps over D2D operation provided they take place simultaneously.  
4 Summary  
In this paper we have discussed the simultaneous operation of cellular and D2D and the impact on existing RRM requirements have been analysed. Based on the analysis, the main proposals are: 
· Proposal #1: At least one cellular DL subframe, which is subframe 0 or 5, is available in every radio frame for cell identification purpose. 

· Proposal #2: The D2D capable UE shall meet the existing requirement on cell measurements provided at least one DL subframe per radio frame is available at the UE for RSRP/RSRQ measurements.     

· Proposal 3: The D2D capable UE shall meet the existing UE Rx-Tx time difference measurement requirements provided at least one DL subframe per radio frame is available at the UE. 
· Proposal 4: The D2D capable UE shall meet the existing RLM requirements provided at least one DL subframe per radio frame of PCell is available at the UE. 
· Proposal #5: The D2D capable UE shall prioritize the measurement reporting over D2D operation. 

· Proposal #6: The D2D capable UE which is configured with autonomous- or measurement gaps should prioritize the measurements using the gaps over D2D operation provided they take place simultaneously.  
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