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1. Introduction
At RAN4 #72bis meeting RRM requirements for D2D and cellular requirements due to D2D were discussed. These discussions resulted in three way forward documents containing high-level agreements which can be found in [1, 2 and 3]. In [1] it was stated that a UE participating in D2D direct discovery or D2D direct communications existing requirements in RRC_CONNECTED state shall be met. The objective of this paper is to study the measurement requirements and investigate whether the existing requirements can be met by the D2D UEs operating D2D direct discovery or D2D direct communication. 
2. Discussion and analysis
2.1 RRM measurements procedure
Downlink cell measurements are based on RSRP/RSRQ and they can be measured based on any downlink subframes. This is, in principle, not a problem for D2D UEs since D2D is operated on the uplink resources of the FDD carriers and in uplink subframes in TDD. This means that even if downlink is interrupted due to e.g. switching of operation between D2D and WAN, there should be sufficient number of downlink subframes available to perform the downlink measurements. 
2.2 Cell identification procedure by D2D UEs
The cell search procedure applies UEs in RRC_CONNECTED state that 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 and SI reading. 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 (e.g. RSRP or RSRQ) on the detected cell. The existing requirement for PCI acquisition time for intra-frequency cell is 600 ms which means that PSS/SSS have to be detected 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, this may not be the case for D2D UEs because D2D operation is in half-duplex mode from a UE point of view. The downlink is subject to interruption due to switching of operation. This means that in the case that the D2D interruption occurs in both subframe #0 and subframe #5 no PSS/SSS will be available at the UE in that particular radio frame. This will impact the cell search procedure significantly.  
It is a common understanding in RAN4 that the WAN procedures shall be prioritized over D2D operation if they take place simultaneously. This means that the WAN uplink is prioritized over D2D uplink or downlink. Even though the WAN downlink is in principle separated from D2D operation, the interruption still affects the downlink. 

This can be exemplified using two examples. In the first example it is assumed that the eNodeBs are synchronized as shown in Figure 1. This figure shows the timing of two cells from a UE point of view. This figure shows that in asynchronous network deployment (aka unsynchronized network) the difference in transmit timing of the frames of neighbour cells differ with respect to the reference cell of the UE. The difference is generally larger than the certain threshold e.g. cyclic prefix but is typically around 3 µs. On the other hand if the difference in transmit timing of the frames of neighbour cells is below not larger than a threshold (e.g. 3 µs) then the cells are considered to be synchronous. But the transmit timing difference in the asynchronous case can also be in the order of several slots or subframes.  
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Figure 1.a:  Synchronous scenario
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Figure 1.b:  Asynchronous scenario

In the synchronous scenario when the cells are synchronized, the subframes of the neighbouring cells are aligned e.g. within 3 µs. This means that the UE or the serving eNodeB could avoid that interruption takes place on subframes #0 and/or subframe #5. During the cell search procedure the UE typically samples once every 40 ms. The sample duration or sampling window is typically 5 ms (or >5.0 ms) long and either subframe #0 or #5 will always be captured within that sampling window. In the synchronous scenario this would work because the PSS/SSS of the neighbouring cells would always fall within the sampling window since the subframes are aligned. 
In the asynchronous scenario where the timing is not aligned, the cell search of neighbouring cells procedure becomes a problem. As illustrated in the Figure 2, the subframes of the reference cell and the neighbouring cell may not be aligned. For instance, the subframe #0 of the reference cell will overlap with subframe #1 of the first neighboring cell, and with subframe #2 of the second neighbouring cell etc. Also in this scenario one of the subfrmes #0 or #5 will be captured if a sampling window greater than 5 ms is used provided there is no D2D operation during the cell search sampling window.
A D2D Discovery capable UE with single Rx antenna needs to switch between WAN reception and D2D reception. The D2D resources are allocated semi-statically by the serving eNodeB. The D2D Discovery operation could take place for a certain number of contiguous subframes, e.g. 64 contiguous subframes as given in one example in [R4-145742]. This means during 64 contiguous subframes the D2D UE should be tuned to receive in the uplink spectrum. Thus the UE cannot receive the WAN transmissions simultaneously. Since the resources are semi-statically configured, it may be very difficult for the UE to prioritize the WAN reception e.g. on subframe-basis. One consequence of this would be that the D2D Discovery capable UE will not be able to receive the subframes #0 or #5 containing PSS/SSS during 64 subframes. This is a problem because the D2D UE typically needs to sample once every 40 ms during the physical measurement period of 200 ms (typical case). This means that 2 out of the 5 possible samples are impacted. A solution to overcome this problem is to not allow D2D transmission during the PSS/SSS sampling window.    
Another concern of cell search procedure for D2D Discovery capable UEs takes place in the asynchronous scenario when D2D operation is allowed during the neighbour cell search procedure. This is illustrated in Figure 2. 
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Figure 2: Illustration of D2D operation taking place during the neighbour cell search procedure. 
Figure 2 shows the subframes from an UE point of view. It can be seen that the subframes are not aligned. The D2D UE starts the sampling at subframe #0 in reference to its reference/serving cell and the sampling duration is 5 ms. It is assumed in this example that the D2D UE is configured for D2D operation on subframe #2 of the reference cell. This means that the switching takes place on subframe #1 and subframe #3. The switching causes interruption; thus the UE will not be able to measure on these subframes and the PSS/SSS provided in subframe #5 of neighbour cell 2 will be lost. In addition, PSS/SSS of neighbour cell 3 will also be lost due to that the UE is configured for D2D reception on that subframe. Therefore PSS/SSS of neighbour cells 2 and 3 will be lost, i.e. PSS/SSS of these cells will not be detected even if the signal quality of these cells is significantly good due to that D2D operation takes places in the subframes of the cell search sampling window. 
One obvious solution for the above mentioned problem would be that the D2D UE does not perform any D2D operation (D2D reception or transmission) during its PSS/SSS sampling window used for cell search. The D2D UE is not aware whether the network is synchronous or asynchronous. Therefore the D2D UE will avoid D2D operation during its PSS/SSS sampling window regardless of whether the network is synchronous or asynchronous. 

The other option is that the eNB configures D2D subframes or schedules the D2D UE on subframes that would not overlap with PSS/SSS of neighbour cells to minimize the impact on cell search procedure in asynchronous scenario. In other words it guarantees that the DL subframes # 0 and/or #5 are available for cell search also in neighbour cells. This solution may result in no or less impact on the cell search procedure. However this also puts constrain on network scheduling and partitioning of resources between WAN and D2D. Since D2D UE can handle cell search by avoiding D2D operation during cell search window so we prefer UE based solution as summarized below: 
· Proposal #1: D2D UE meets existing cell search requirements. 
· Proposal #2: No condition on availability of DL subframes # 0 and/or #5 for cell search is specified. 
· Observation #1: To fulfil existing cell search requirements (Proposal#1) and considering proposal # 2, the D2D UE will have to avoid D2D operation during the cell search sampling window.

2.3 UE Rx-Tx Time Difference Measurement by D2D UEs
The UE Rx – Tx time difference measurement is one type of positioning measurement. The measurement procedure comprises UE performing downlink measurement and reporting uplink measurement. The downlink measurement is generally based on the reference signals (e.g. CRS) and the uplink signals that are transmitted for uplink measurements are SRS. The uplink measurements can in principle be performed using any uplink signals, typically the SRS are used. The UE can be configured to transmit SRS frequently, e.g. in every uplink subframe/radio frame.   
The UE Rx-Tx time difference measurements can take place on periodic- and aperiodic basis. For instance, the reference eNodeB can be requested by a location server (e.g. E-SMLC or SLP) to perform positioning measurement on a particular UE or the UE can be requested by the location server directly over LPP to perform a positioning measurement as illustrated in Figure 3 below. This can in principle happen anytime, e.g. in an emergency situation. Due to propagation delay, the transmitted signal in downlink is received at time t1 and then the UE transmits the uplink at time t2 after some processing. 
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Figure 3: Illustration of UE Rx-Tx measurement procedure
Since Release 12 D2D operation takes place on the uplink resources of the spectrum, the D2D capable UE should be able to measure on the CRS in downlink with no major impact. Even though D2D could cause interruption in the downlink there should be sufficient number of downlink subframes to measure the CRS downlink as discussed in 2.2. However, transmitting the SRS on the uplink by the D2D capable UE is more difficult. The first reason is that D2D capable UEs cannot operate D2D and transmit uplink WAN signals simultaneously. The second reason is that the D2D discovery UE cannot receive WAN downlink and D2D downlink simultaneously. 
It was discussed and agreed at last RAN4 meeting that the D2D capable UE shall prioritize WAN operation over D2D in case both occur simultaneously. But, since the D2D resources are assigned semi-statically and the positioning measurement request can take place in an unpredictable manner, it may be difficult to always prioritize the WAN uplink transmission (e.g. SRS for UE Rx-TX time difference measurement) over D2D on frequent basis. Therefore having at least one uplink subframe in every radio frame available is necessary for the UE Rx-Tx time difference measurement to work properly in a network that includes cellular and D2D UEs unless the D2D UE is able to transmit WAN uplink signals on D2D subframe if necessary
As an example, a D2D discovery capable UE is configured with 64 contigous D2D subframes for D2D operation and the UE is requested to perform an UE Rx-Tx time difference measurement in an unpredictable manner in the subframe prior to the first D2D subframe by the location server (e.g. E-SMLC). This scenario is illustrated in Figure 4. In response to this request the UE can perform the downlink part of the measurement but it will fail to perform the uplink part of the UE Rx-Tx time difference measurement. There are several reasons for inability of performing the measurement on the uplink part of the UE Rx-Tx time difference measurement: 
· The first reason is that the prioritization of SRS transmission over over D2D may be difficult since the eNodeB has no information about the positioning measurement request coming directly from the E-SMLC over LPP and therefore eNode B cannot change some of the allocated D2D resources for WAN operation e.g. subframes with SRS. 
· The second reason is that the UE is not able to switch from the reception on D2D to transmission on WAN on subframe basis e.g. if that is the case as illustrated in Figure 4. Therefore the uplink part of the UE Rx-Tx time difference measurement will fail. 
· The third reason is that if several consecutive D2D subframes (e.g. over one or few frames) are allocated for D2D reception then the D2D UE cannot transmit any WAN signals in those subframes.

Hence, it is essential to ensure that at least one uplink subframe is available at the D2D UE in every radio frame to overcome this problem. If there are no uplink cellular signals required to be transmitted, then the UE may use this particular subframe for other purposes, e.g. D2D. It is noteworthy that the D2D UL and D2D DL allocation pattern in Figure 4 is only one example. But there can by different variants of D2D UL and D2D DL allocations and this increases the complexity to make the uplink part of the UE Rx-Tx time difference measurement to work unless one uplink subframe is guaranteed in every radio frame.  
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Figure 4: Example scenario with contiguous D2D operation
If at least one uplink subframe cannot be guaranteed in every radio frame the measurement reporting could be delayed because the D2D UE has to for example retune from D2D Rx ( WAN Tx or from D2D Tx ( WAN Tx or because no uplink subframes are available at the particular radio frame.
In order for the UE Rx-Tx time difference measurement procedure to work in WAN-D2D scenario, the D2D capable UE must be able to transmit SRS on subframes which are configured for D2D. For example, if a D2D UE is configured with 64 consecutive D2D subframes and the UE receives positioning request, then the UE should be able to transmit SRS on these subframes. Alternatively, the eNB has to ensure at least one uplink subframe available in every radio frame for UE Rx-Tx time difference measurement purpose. 
· Proposal #3: For UE Rx-Tx time difference measurement procedure, the D2D capable UEs are able to transmit SRS on WAN uplink on subframes which are configured as D2D subframes (either D2D Rx- or D2D Tx-subframe). 
4. Conclusion

In this contribution, we have studied the measurement requirements of D2D capable UEs. Based on this we have identified certain side conditions that are required in order for D2D capable UEs to meet the existing RRM requirements. They are as follows: 

· Proposal #1: D2D UE meets existing cell search requirements. 
· Proposal #2: No condition on availability of DL subframes # 0 and/or #5 for cell search is specified. 
· Proposal #3: For UE Rx-Tx time difference measurement procedure, the D2D capable UEs are able to transmit SRS on WAN uplink on subframes which are configured as D2D subframes (either D2D Rx- or D2D Tx-subframe). 
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