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1
Introduction
According to the meeting in RAN#74 [1], the following resource allocation related way forwards for D2D discovery had been agreed:

· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM
  In this documents, in order to avoid additional resource needed for D2D discovery, we consider the solution of reusing the resource of existing uplink SRS for D2D discovery. The basic requirement of this scheme is that the D2D UEs have the capability to detect other UE’s SRS, such that they can aware the existence of neighbor UEs. Uplink SRS is originally used for channel information acquisition by the eNB, it is transmitted periodically in a wide bandwidth of an OFDM symbol where there is no uplink data transmission. If this signal could also be heard by other UEs, it can be used to identify the proximity of UEs, check the channel status between D2D links or synchronization. Finally, the estimated results report to the eNB. 
  This contribution focused on the utilization of existing SRS for D2D discovery. On top of existing SRS defined in LTE [3][4], there are some issues needed to be discussed to facilitate the reuse of SRS resource for D2D discovery. Essential features in terms of UE/eNB capability and additional signalings between eNB and UEs are introduced.  
2
Re-using SRS Resource for D2D Discovery
  In the existing LTE specification, SRS can be transmitted periodically based on eNB scheduling, the UE-specific periodicity can be {2, 5, 10, 20, 40, 80, 160, 320} ms as defined in TS 36.213 section 8.2 [4]. In TS 36.211 section 5.5.3.3 [3], the cell-specfic SRS transmit subframes are defined. The basic transmission unit of SRS in the frequency domain is 4RBs defined in TS 36.211 TABLEs 5.5.3.2-1~4 [3]. There are 8 configurations for each system bandwidth. SRS uses the same Zadoff-Chu sequence as UL demodulation reference signal (DM RS). Since the cyclic shift versions of the Zadoff-Chu sequence are orthogonal, several UEs (up to 8) can transmit using different cyclic shifts on the same physical radio resource. From above analysis, multiple of multiplexing schemes are supported in SRS transmission, including subframe, frequency (resource block) and code sequence. 
  In order to co-use the uplink SRS for D2D discovery, some considerations such as SRS resource scheduling and signalling flows are discussed in the following sections.  
2.1
SRS Resource Scheduling for D2D Discovery
2.1.1 Half duplex constraint 
  Based on the agreement of previous meeting [1], the UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint. Since SRS is transmitted in the last symbol of a subframe, the uplink data should not be scheduled in this symbol if the SRS is scheduled. Moreover, the duration of this symbol also need to be reserved for the UE intending to detect neighbor UE’s SRS at the same resource. Due to the half duplex limitation, D2D UEs can not simultaneously sending discovery signal and also detecting discovery signal in the same OFDM symbol even using different frequency resources.  
2.1.2 SRS schedule considering both uplink sounding and D2D discovery 
eNB can allocate SRS resource for each UE considering the purposes of both uplink sounding and the D2D device identification. A scheduling scheme allows D2D UEs having enough time instances to aware other UEs’ existence is a key issue for discovery. eNB can employ the combination of different SRS transmit periodicity among UEs, SRS transmit subframe offsets to create timing instances for mutual discovery signal transmission and detection. The frequency based and code sequence based multiplexing scheme can be utilized to detect neighbor UEs at the same time as much as possible.   
2.1.3 Prerequisite information for SRS detection 

For uplink sounding, eNB uses known resource location of SRS, along with UE specific parameters, for channel status evaluation. In the case of SRS based D2D discovery, the information of SRS parameters of each UE within the cell can be passes to discovering UEs, then they can perform discovery using the same SRS resource with the same format. That is, eNB announces the SRS information of possibly discoverable UEs, and the D2D discoverers using these SRS parameters to detect and determine if the corresponding UE is nearby or not. The prerequisite information for discovery can be delivered to D2D UEs using higher layer signaling or via broadcast channel. Another scheme is to preconfigure all possible resources and parameters to D2D UEs, in this case, UE doesn’t need to acquire SRS information first, but the discovery efficiency could be downgraded due to blind detection. 

2.1.3 D2D discovery based on application service
  In order to reduce the overhead of SRS detections at D2D UEs, the number of SRS configurations received from eNB can be based on the interested application service of UE. In the SA2 TR 23.703 [5], a solution of mapping application identities to Prose private expression codes was provided. The expression code can be viewed as an UE ID, in our case, this UE ID is further mapped to a format of SRS configuration.              
Observation 1: 

Existing SRS resource, structure and signal format can also be used for D2D discovery with specified scheduling and SRS configurations sharing.
2.2
eNB/UE operation for D2D Discovery

2.2.1 SRS received power estimation at UE
  D2D UEs can estimate the received power of other UEs’ SRS after code sequence correlation. This estimated power value can be compared with a predefined threshold to determine the discoverable of UEs or to estimate the distance of neighbor UEs. 
2.2.2 Measurement results feedback 
  In the case that D2D UEs don’t know the mapping between SRS configurations and C-RNTIs, the estimated results of corresponding SRS configurations can be fed back to the eNB. eNB can use these estimated power levels and the knowledge of UE configurations to identify the proximity of UEs and hence apply this information to create D2D links. The channel status of each frequency resource can also be estimated among D2D UEs and feedback to eNB for scheduling of resource for D2D communications. 
2.2.3 Previous scheduled information reservation at eNB
  If the identification of UE proximity is conducted at the eNB based on the UE measurement reports, especially for the case that UE blindly detect SRS configurations, a mapping table with respect to previous UE specific scheduled SRS information should be keep at the eNB. Such that eNB can easily find out the UE with corresponding SRS settings.    

Observation 2: 

SRS based D2D discovery involves the inter-operation between NB and UEs, which is kind of eNB assisted D2D discovery.   
2.3
Singnaling flow of SRS based Discovery
The signaling flow of proposed SRS based discovery is shown as below assuming two UEs case. Two additional signalings are needed during the discovery operation, including the SRS parameter announcement phase and measurement results feedback phase.
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2.4
Inter-cell D2D Discovery

While the previous discussion foucus on the UE discovery within a cell, this scheme can also be applied to different cell scenarios. Based on the SRS transmit subframes defined in TS 36.211 section 5.5.3.3. The subframe offset cases are defined in order to prevent SRS interference between cells. With this offset, the D2D discovery between cells is possible given that the OFDM symbol corresponding to the SRS transmission of neighbour cell is reserved for SRS detection in serving cell.
3   Conclusions
  In this contribution, we propose to reuse the SRS resource which is original used for transmitting uplink sounding also being used for D2D discovery signal. Based on the power mesurement of other UEs’ SRS and additional singlaings between eNB and UEs, a resource efficient SRS based discovery mechanism is possible. Also, using exisiting SRS structure and signal formats can shorten the development progress of D2D discovery.
Proposal 1: 
SRS resource reused solution should be considered for D2D discovery.
References

[1] Draft Minutes Report of RAN1#74 
[2] R1-134035, "Draft Agenda of RAN1#74bis".
[3] TS36.211 v9.10."Physical Channel and Modulation”.

[4] TS36.213 v9.3 “Physical Layer Procedures”
[5] TS23.703 v0.5 “Study on architecture enhancements to support Proximity”
_1441781893.vsd
UE1


UE2


UE 1  SRS Transmit



eNB



SRS Configurations


 SRS Configurations



Other UEs’ SRS Resource Derivation


UE2 SRS Transmit



Other UEs’ SRS Resource Derivation


Other UEs’ SRS Power Measurement


Create Report Information


UE1  Measurement Report 


UE 2 Meas. Report



Other UEs’ SRS Power Measurement


Identify the Proximity of UEs


Create Report Information



