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1 Introduction

It was agreed during the SI phase to support inter-cell D2D discovery for both synchronous and asynchronous network deployments. Subsequently, it was agreed by RAN2 WG that configuration(s) of radio resource pool(s) of neighbor-cells may be provided by a serving cell to facilitate inter-cell discovery. While with this agreement inter-cell discovery in synchronous networks becomes feasible, it was identified that additional efforts would be necessary to enable inter-cell discovery in asynchronous networks. Specifically, a receiving (RX) D2D UE would need to synchronize to the time and frequency of the D2D transmissions in the neighboring cells in order to detect and receive them.
To address this requirement, during the RAN1 #77 meeting, it was agreed to support propagation of a serving cell’s reference time and frequency via UE relaying mechanism. Accordingly, the following was agreed regarding D2DSS transmissions to propagate serving cell reference time by UEs participating in D2D discovery [1]:

· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery

· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured
· FFS: If all discovery UEs transmit D2DSS 
In this contribution, we present our views on the remaining details for D2DSS transmissions for the support of inter-cell discovery in asynchronous networks. Specifically, we focus on the details of resource allocation, transmission timing, and UE selection for the transmission of D2DSS following the above set of agreements.
2 Resources for D2DSS Transmissions for Inter-cell Discovery
Based on working assumptions made during RAN1 #76bis and RAN1 #77 meetings, D2DSS, composed of PD2DSS and SD2DSS, occupies the central six PRBs of the system bandwidth of a subframe. Hence, the above agreement implies that for Type 1 discovery, the UEs in a cell that transmit the D2DSS do so on the central six PRBs of the first subframe of the Type 1 discovery transmission resource pool in a single frequency network (SFN) manner. However, the details regarding handling of the remaining frequency resources on the first subframe for system bandwidths greater than six PRBs needs further consideration. 
Option 1: One straight-forward option towards this is to leave these frequency resources unused, except possibly for the PUCCH resources that may be reserved at the band edges and PRACH resources. This can help minimize the interference on the central six PRBs due to in-band emissions (IBE) from transmissions on the other PRBs, thereby further facilitating detection of the transmitted D2DSS at the RX D2D UEs in the neighboring cells. However, it is easy to see that this option results in wastage of spectral resources that can be significant depending on the deployed system bandwidth and the relative configuration of the particular Type 1 discovery resource pool in the frequency dimension.

Option 2: An alternative to Option 1 is to allow discovery signal transmission on the unoccupied PRBs, subject to the span of the discovery resource pool in the frequency dimension, on the first subframe as well. To minimize the interference on the central six PRBs, a more restrictive power control setting can be configured for the discover signal transmissions on the first subframe, essentially catering more towards reception of these discovery signals at nearby RX D2D UEs. Assuming that the discovery resource pool spans N subframes in time dimension: discovery subframe #0 through #N-1, for Option 2, the resource pool configuration for D2D discovery subframe #0 is the same as that for the rest of the D2D discovery subframes within the resource pool, i.e., subframes #1 through #N-1. Some examples of this are illustrated in Figure 1. 
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Figure 1. An example of resource allocation as per Option 2 for the first subframe of discovery resource pool.
However, this complicates the processing and reduces the reliability of discovery signal reception at the receiving UEs in the neighboring cells owing to the requirement of acquiring synchronization as well as receiving discovery signals on other PRBs of the same subframe, thereby reducing the effectiveness of the usage of these PRBs to carry discovery signals. 
Option 3: Yet another option is to leave the non-central six PRBs of the first subframe of the discovery resource pool for WAN operations. Note that this option provides the network to determine whether to allow these PRBs for UL WAN transmissions or not, thus it incorporates Option 1 and leaves the optimization option up to the network. For instance, UEs close to the eNodeB may be scheduled on these resources for UL WAN transmissions with appropriate application of power control in order to minimize the interference on the central six PRBs due to IBE. 
Option 3 (and thereby, Option 1) can be realized by specifying that when D2DSS transmission is configured for a discovery transmission resource pool in a cell, the resource pool spans only the central 6-PRBs in the first D2D subframe (carrying the D2DSS transmissions) and the frequency span of the discovery pool as indicated in the discovery resource pool configuration applies to the remaining subframes within the resource pool. If D2DSS transmission is not configured in a cell, then the span of the first subframe in the frequency dimension is the same as configured for the rest of the resource pool (i.e., no special handling of the first subframe).

In case Type 2B radio resource pool is FDM-ed with Type 1 transmission pool, then the same principle can still apply, i.e., receiving D2D UEs monitor only from discovery subframe #1 for Type 2B discovery signal transmissions.

If only Type 2B discovery is configured or if Type 2B discovery radio resource pool is TDM-ed with Type 1 discovery resource pool, then again the same principle can be applied. Specifically, only the central six PRBs of the first discovery subframe in the Type 2B discovery radio resource pool carry the D2DSS transmissions from Type 2B UEs that are instructed by the serving cell, and the remaining subframes in the resource pool are monitored by receiving UEs for Type 2B discovery signals.
Here, it should be noted that the Type 2B radio resource pools referred to above are resource pools at least for the purpose of reception based on prior agreements in RAN1 and RAN2 WGs. However, as discussed further in [2], the configuration of the Type 2B radio resource pool would need to be known at the transmitting UEs as well, depending on the choice of the hopping pattern adopted for Type 2B discovery resource hopping. For this case, the value of the span in time dimension of the logical discovery resources (Nt), should be defined excluding the first subframe carrying the D2DSS.
Proposal 1: 
· It is specified that when D2DSS transmission is configured for a Type 1 or Type 2B discovery transmission resource pool in a cell, the resource pool spans only the central 6-PRBs in the first D2D subframe (carrying the D2DSS transmissions) and the frequency span of the discovery pool as indicated in the discovery resource pool configuration applies to the remaining subframes within the resource pool. 
· If D2DSS transmission is not configured in a cell, then the span of the first subframe in the frequency dimension is the same as configured for the rest of the resource pool (i.e., no special handling of the first subframe).
3 D2DSS Transmission Timing for Inter-cell Discovery
For D2DSS transmissions as part of Type 1 discovery transmission resource pool, it has been already agreed that transmitting (TX) D2D UEs transmit D2DSS following the serving/camping cell DL reference time. This is reflected in the agreement from RAN1 #77 meeting as quoted below:
· For in coverage UEs,  with the possible exception of Type 2B discovery, D2DSS and PD2DSCH use downlink timing

· FFS for type 2B discovery

Next, it is noted that for Type 2B discovery signal transmission, it is currently FFS as to whether TX D2D UEs follow DL or UL timing for transmission. In particular, UL timing is defined as DL timing together with the application of the UL timing advance (TA). Here, we assume the exact choice is left to the network, i.e., transmission time for Type 2B discovery signal transmission is configurable by the serving cell. For further details, please refer to [2]. 

Accordingly, for Type 2B discovery and accompanying D2DSS transmissions, the Type 2B TX D2D UEs selected for D2DSS transmission by the serving cell can transmit D2DSS either following DL timing or following the transmission time configured for Type 2B discovery signal transmissions. Considering the nature of SFN transmissions of D2DSS and that the goal of the D2DSS transmission is to propagate the TX UE’s serving cell reference time, it is preferable to transmit D2DSS following the serving cell DL timing in order to maximize the potential SFN gains at the receiving UEs. 
Here, it should be noted that the mismatch in the timing between the D2DSS transmitted with DL timing and the Type 2B discovery signals transmitted following UL timing (if configured accordingly) may have some adverse effect on the reception from the perspective of adjusting the receiving FFT window. However, this impact would be similar to intra-cell reception of Type 2B discovery signals in this case wherein receivers would use the DL reference time of the serving cell for timing synchronization.  
Finally, if Types 1 and 2B resource pools are multiplexed using FDM, then again, it would be quite natural that the associated D2DSS on the first subframe are transmitted following serving cell DL timing.

Proposal 2: 
· For D2DSS transmissions associated with Type 2B discovery resource pools, D2DSS is transmitted following the serving cell DL time.
4 Who transmits D2DSS for Inter-cell Discovery
As quoted in Section 1, it is currently FFS as to whether, when D2DSS transmission is configured in the cell, all UEs in the cell transmit D2DSS for inter-cell discovery. In this section, we present our views on this aspect. 
In our view, it is unnecessary and potentially even detrimental that all UEs in the cell transmit D2DSS. The primary reasons are:

i. D2DSS transmissions from certain UEs in the cell may not benefit in terms of the SFN gain at the receiving UEs if these UEs are “cell-center” UEs, i.e., close to the eNodeB;

ii. Transmission of D2DSS from cell-center UEs can adversely affect the use of the remaining PRBs on the first subframe that may be used for UL WAN reception at the eNodeB due to increased IBE effects;

iii. Transmission of D2DSS from all UEs imply that these signals would be transmitted using a relatively wide range of transmission timing due to difference in DL reference timing at cell-edge and cell-center UEs, leading to significant increase in the effective delay spread of the received D2DSS at the receiving UEs, especially for large deployments;
iv. Increase in power consumption across all UEs in the cell to transmit D2DSS.

In view of the above, it is recommended that only a subset of all D2D UEs in the cell transmit D2DSS. 
As already agreed during the RAN1 #77 meeting, Type 2B discovery TX UEs can be instructed by the eNodeB to transmit D2DSS. This can be achieved by signaling the instruction, potentially including the D2DSS configuration (depending on whether D2D communication is also enabled in the network and whether the configuration is signaled via SIB) by dedicated RRC signaling. The serving cell can decide based on mobility management related reported metrics, UTDOA based measurements, etc. as to which UEs would be most suitable to transmit D2DSS for inter-cell discovery. Note that this behavior can be applied in general to RRC_CONNECTED UEs participating in D2D discovery. 
For Type 1 discovery, or more precisely, considering D2D UEs in RRC_IDLE state, D2DSS transmission can be decided by RRC_IDLE UEs based on a predefined criterion and configured threshold(s). For example, UEs with serving cell RSRP value lower than a configured threshold, or UEs with serving cell and best neighbor-cell RSRP values higher than a common or different configured threshold(s) transmit D2DSS. The latter criterion is motivated by the desire to minimize the probability of a cell-center D2D UE transmitting D2DSS due to having a poor channel to the eNodeB with high penetration loss or shadowing. 

Depending on the exact criterion, appropriate threshold(s) can be configured via SIB by the serving/camping cell considering the actual deployment scenario.

Proposal 3: 
· Not all D2D UEs in the cell transmit D2DSS for inter-cell discovery.

· RRC_CONNECTED UEs participating in D2D discovery are UE-specifically configured by the serving cell to transmit D2DSS. 
· RRC_IDLE UEs participating in D2D discovery autonomously transmit D2DSS based on a specified criterion and associated threshold(s) configured via SIB signaling.
5 Conclusions

In this contribution, we presented our views on the remaining aspects of support of inter-cell D2D discovery with focus on resource allocation, transmission timing, and UE selection for D2DSS transmissions. Based on the discussion presented, we summarize our views through the following proposals:

Proposal 1: 
· It is specified that when D2DSS transmission is configured for a Type 1 or Type 2B discovery transmission resource pool in a cell, the resource pool spans only the central 6-PRBs in the first D2D subframe (carrying the D2DSS transmissions) and the frequency span of the discovery pool as indicated in the discovery resource pool configuration applies to the remaining subframes within the resource pool. 
· If D2DSS transmission is not configured in a cell, then the span of the first subframe in the frequency dimension is the same as configured for the rest of the resource pool (i.e., no special handling of the first subframe).
Proposal 2: 
· For D2DSS transmissions associated with Type 2B discovery resource pools, D2DSS is transmitted following the serving cell DL time.
Proposal 3: 
· Not all D2D UEs in the cell transmit D2DSS for inter-cell discovery.

· RRC_CONNECTED UEs participating in D2D discovery are UE-specifically configured by the serving cell to transmit D2DSS. 
· RRC_IDLE UEs participating in D2D discovery autonomously transmit D2DSS based on a specified criterion and associated threshold(s) configured via SIB signaling.
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