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1 Introduction
The agreements and working assumptions related to time-frequency resource allocation for the D2D synchronization signals (D2DSS) are based on the term synchronization resource, which lacks a clear definition, leaving a number of unresolved issues and listed FFS points related to the synchronization resource allocation. This contribution discusses these remaining issues. Further details related to resources for D2DSS are contained in [1] and related PD2DSCH aspects can be found in [2].
2 D2DSS resources for communication
Synchronization resource definition
The following working assumptions from RAN1#76bis and RAN1#77 shed some light on the definition of synchronization resource.
· For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame.

· A synchronization source transmits D2DSS periodically

· D2DSS period is not smaller than 40 ms

· FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency

· A synchronization resource contains 

· In a sub-frame:

· FFS whether 1 or 2 symbols are PD2DSS

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices 

· FFS whether 1 or 2 symbols are SD2DSS

· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS

· Exact symbol locations are FFS
It can be understood that a synchronization resource would consist of 1 subframe and not multiple consecutive subframes. Otherwise, it would be impossible to have a uniform definition for both FDD and TDD (for which there might not be consecutive UL subframes). 
Defintion: A synchronization resource includes PD2DSS/SD2DSS symbols within 1 subframe, occupying the 6 central PRBs, transmitted not more often than every 40 ms.
A synchronization resource is illustrated in Fig. 1.



Figure 1. Example of a synchronization resource defined by 1 subframe every 40 ms, containing PD2DSS/SD2DSS symbols in the 6 central PRBs. 
It should be noted that since not every OFDM symbol in the synchronization resource will contain PD2DSS/SD2DSS, other channels/signals may also be defined within the 6 central PRBs for OFDM symbols not containing PD2DSS/SD2DSS.  
Synchronization resource bandwidth

Having different frequency locations of the D2DSS would require multiple matched filters for the PD2DSS detection, which is expected to lead to a dramatically increased complexity and cost. Having the synchronization resources located symmetrically around the carrier frequency is a prerequisite for low-complex matched filter implementations [3]. Hence, the working assumption should be confirmed.

Proposal 1. Confirm the working assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame. 
Synchronization resource period

It should be clear that the simplest and most robust system design is to apply the same period in all cases. In [1], we showed that a 40 ms period yields sufficient synchronization performance. Longer periods offer reduced D2DSS overhead but result in worse D2DSS detection performance. Out-of-network coverage D2D UEs need to have a predefined synchronization source period, and performance requirements will likely be developed based on this. Having a longer period for certain UEs is at least not motivated from a D2DSS overhead point of view. Thereto, legacy UEs can use FDM with D2D UEs in subframes containing D2DSS. Only for very extreme cases (e.g., narrow LTE carrier bandwidths and DL heavy TDD UL-DL configurations), is the overhead noticeable. Therefore, it does not appear justified to introduce signalling for the period and it would suffice to use a pre-defined period of, e.g., 40 ms, always. Moreover, even for in-network coverage D2D UEs, the D2DSS subframe period should be known prior to detecting the D2DSS from any synchronization source. Otherwise, it may not be straightforward to set detection thresholds or to accumulate correlation values from multiple D2DSS transmissions. Thus all synchronization sources have to use the same period.
Proposal 2. The D2DSS period is pre-defined (e.g., to 40 ms) and is not configurable.
A remaining detail would then be whether the D2DSS subframe location is fixed or non-fixed (e.g., by configuration). A motive for having it configurable would be to reduce the D2DSS interference among synchronization sources. On the other hand, if synchronization sources are configured with different Physical Synchronization Source IDs (PSSIDs), they should transmit different D2DSSs [1], and it is not strictly needed to have additional time-domain interference reduction methods. Also, it is not expected that the location could be configurable for out-of-network coverage D2D UEs. Hence, clear gains should be demonstrated if configurable D2DSS subframe location should be supported for the purpose of improving D2DSS detection performance. 
However, we also note that there might be other reasons than D2DSS performance that could motivate a configurable D2DSS subframe location, e.g., when D2DSS is used for discovery, cf. Sec. 3. Moreover, having a configurable D2DSS subframe location may enable an in-network-coverage UE to both receive and transmit D2DSS under the half-duplex constraint by making sure that transmission- and reception synchronization resources do not overlap. It may also avoid overlapping transmission- and reception synchronization resources with UEs being out-of-network coverage.  
PD2DSS/SD2DSS symbols in a synchronization resource 

In [1], we evaluated the number of PD2DSS/SD2DSS symbols needed. We found that there are performance benefits of using 2 PD2DSS symbols. This in turn requires 2 SD2DSS symbols in order to provide for detection of subframe timing. To avoid blind detection of the SD2DSS, it was found beneficial to not use consecutive PD2DSS symbols. Coherent detection is also favored which benefits from transmitting the SD2DSS next to a PD2DSS symbol. The PD2DSS/SD2DSS symbol locations should be fixed, i.e., non-configurable, in order to avoid complex detection procedures and performance losses. 
Proposal 3. A synchronization resource contains 2 PD2DSS symbols and 2 SD2DSS symbols.

· One PD2DSS/SD2DSS symbol pair is located in the first slot.
· One PD2DSS/SD2DSS symbol pair is located in the second slot.

· In one PD2DSS/SD2DSS symbol pair, the SD2DSS symbol is located next to the PD2DSS symbol.
· The PD2DSS/SD2DSS symbol locations are fixed, i.e., non-configurable.

Synchronization resources for out-of-network coverage UEs

One agreement with several FFS points from RAN1#76bis is:

For out-of-coverage UEs

· Synchronization resources that occur periodically are used for transmitting D2DSS 

· FFS whether PD2DSCH (if supported) is transmitted

· Size of a synchronization resource is FFS

· It is fixed in specification

· Periodicity of synchronization resources is pre-configured 

· Whenever a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured)

· Which synchronization resource is used for transmission is FFS

· FFS: timing offset between transmit and receive resources

· FFS: possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on. 

The definition of synchronization resource should apply generically to both in-network coverage and out-of-network-coverage UEs. Hence, the size of a synchronization resource should not be different for out-of-coverage UEs, i.e., it consists of 1 D2DSS subframe with a certain periodicity, as described in Sec. 2.

The second bullet is inherited from the half-duplex assumption wherein the UE cannot transmit and receive on the same synchronization resource. If it receives D2DSS, it will be on a synchronization resource being different from the one used for D2DSS transmission. However, our understanding is that the standard specification will not require the UE to perform detection of the D2DSS in order for it to transmit a D2DSS. Hence, the wording “and receives at least D2DSS…” above is imprecise.
Transmission synchronization resources could be predefined, i.e., the subframe location for D2DSS transmission. If a synchronization source out-of-network coverage does not have any notion of time synchronization to any other synchronization source, using a predefined subframe has the same effect as using a random subframe. The implication in both cases is that the D2DSS transmission will almost certainly not fully overlap with any other D2DSS transmissions. If a D2DSS transmission subframe does not fully overlap with a D2DSS reception subframe, it may still be possible to detect the PD2DSS, as long as 1 PD2DSS/SD2DSS symbol pair is within the D2DSS reception subframe.
Reception synchronization resources do not need to be determined further. It is sufficient to specify that the UE is not expected to receive D2DSS in subframes where it is transmitting D2DSS. The UE could assume that any UL subframe not used for D2DSS transmission may contain D2DSS from other synchronization sources. If reception synchronization resources would be restricted to certain UL subframes, there is no guarantee that such subframes would overlap with transmission synchronization resources from any other UE. Therefore, it is not desirable to further limit the amount of reception synchronization resources, since that may imply that the UE might never be able to detect any D2DSS. 

If the transmission synchronization resource is predefined or selected randomly, the probability that it fully overlaps with a transmission synchronization resource from another synchronization source is small, e.g., the probability is smaller than 1/40=2.5%  if the period is 40 ms. Further mechanisms to handle the case of overlapping transmission- and reception synchronization resources therefore seem unnecessary. 
Proposal 4. For out-of-network coverage UEs:

· The size of the synchronization resource is the same as for in-network-coverage UEs.

· Transmission synchronization resources are predefined.

· No specification is done for reception synchronization resources other than:

· The UE is not expected to receive D2DSS in transmission synchronization resources.

3 D2DSS resources for discovery

D2DSS resources could also be used for discovery according to the working assumption from RAN1#76, 
· A UE that transmits a discovery message may also be a synchronisation source (and therefore also transmit D2DSS)

· Note that D2DSS is not the message DMRS

and the agreements from RAN1#77:
· 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

Regarding D2DSS transmission configuration, as mentioned in the first bullet, it could include which subframe contains the D2DSS and which sequences are used. For the latter entity, this should be conveyed by a single entity, namely the PSSID. Just as the PSS/SSS sequences are linked unambiguously to the Physical Cell ID, it will be possible to define a similar relation between the PD2DSS/SD2DSS sequences and the PSSID. Hence, it is sufficient to signal the PSSID in order to determine the sequences. 

Proposal 5. A D2DSS configuration can include:
· The subframe location of the D2DSS.

· The Physical Synchronization Source ID (PSSID) used for generating the PD2DSS. 

4 Conclusions
This contribution discussed the synchronization resource allocation and proposes the following.
Proposal 1. Confirm the working assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame. 
Proposal 2. The D2DSS period is pre-defined (e.g., to 40 ms) and is not configurable.

Proposal 3. A synchronization resource contains 2 PD2DSS symbols and 2 SD2DSS symbols.

· One PD2DSS/SD2DSS symbol pair is located in the first slot.

· One PD2DSS/SD2DSS symbol pair is located in the second slot.

· In one PD2DSS/SD2DSS symbol pair, the SD2DSS symbol is located next to the PD2DSS symbol.
· The PD2DSS/SD2DSS symbol locations are fixed, i.e., non-configurable.
Proposal 4. For out-of-network coverage UEs:

· The size of the synchronization resource is the same as for in-network-coverage UEs.

· Transmission synchronization resources are predefined.

· No specification is done for reception synchronization resources other than:

· The UE is not expected to receive D2DSS in transmission synchronization resources.

Proposal 5. A D2DSS configuration can include:

· The subframe location of the D2DSS.

· The Physical Synchronization Source ID (PSSID) used for generating the PD2DSS. 
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