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1
Introduction
In this contribution, we discuss remaining details of D2D discovery.   

This contribution is organized as follows:

· Section 2 discusses lists the remaining details and makes proposals to resolve them

· Section 3 concludes this contribution
2
D2D Discovery Details
2.1 Size of Discovery Message Size
During RAN1#78 a LS (R1-143695) from SA3 was received. The LS stated that

“Given that RAN2 has not provided a time parameter (counter) that any two UEs in proximity can arrive at, SA3 has decided that it is necessary to send a time-calibration parameter, 4 bits long, in the discovery message, in order to ensure security of Open discovery.”

and requested that

“SA3 respectfully asks RAN2, CT1, CT4 and RAN1 to take into account the above considerations in their specification of the ProSe/D2D item.”

RAN1 has already agreed that the size of discovery message (excluding the CRC) should be 224 bits. We propose that this size be increased to 232 bits to incorporate the request from SA3. We are proposing an increase of 8 bits (instead of 4 bits) because Turbo codes as defined in TS 36.212 need an input that is a multiple of 8 bits. The remaining 4 bits that are not used for time calibration can be used by upper layers.

Proposal 1: Discovery message size (excluding the CRC) should be increased to 232 bits.
2.2 Frequency Hopping of Discovery Repetitions 
During RAN1#78, it was agreed that:  
Contiguous repetitions over subframes within the configured discovery resource pool is supported for D2D discovery.
For both Type 1 and Type 2B discovery
· The maximum number of repeated transmissions, excluding the initial transmission, is configurable between 0, 1, 2, 3.

· A common value is used for all UEs for transmissions within a discovery resource pool

· RV pattern is: [0 2 3 1]
It was agreed earlier that 

Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

Therefore a frequency hopping pattern for discovery repetition transmissions is needed. We propose that the pattern proposed in R1-144518 (WF on Remaining Details of Repeated Transmissions of Discovery) be used. For both Type 1 and Type 2B discovery, the frequency resource on the kth (1≤ k ≤ L-1) repeated transmission is given as
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf                                                  (1)
 Here,
L is the total number of transmissions by a UE within a discovery period. 
Nf is the total number of discovery resources within a sub-frame.  
nf (0) is the index in frequency of the first discovery transmission within a discovery period. 
nf (k) is the index in frequency of the kth discovery transmission within a discovery period. 
Proposal 2: Frequency hopping pattern proposed in (1) should be used for discovery repetition transmissions.
2.3 UE Receiver Behaviour 
During RAN1#78 following agreement was made to enable simultaneous support of D2D discovery by a RRC_CONNECTED UE with a single receive chain:
For FDD carriers:

· At least for UEs with a single Rx chain (FFS subject to the UE capability discussion whether this also applies for UEs with a shared D2D/cellular Rx chain), a UE that is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the D2D discovery pools on that UL carrier as well as one subframe preceding and following these subframes 

· The discovery pools are configured by the eNB by broadcast or UE-specific signaling

· FFS: For RRC_CONNECTED UEs, 1 bit may be signalled using RRC signaling indicating whether this rule applies or not (on a per UE basis)

· Cellular measurement gaps subframes are excluded from this rule

· Paging reception is prioritized over D2D reception 

For TDD carriers:

· A UE configured by the eNB to monitor D2D on a certain carrier is expected to read DL signals on that carrier according to legacy procedures.
The agreement has a couple of FFS (highlighted above) that need to be resolved. The first FFS is related to a UE that have more than single Rx chain and share a D2D/cellular Rx chain. A UE that supports carrier aggregation will have multiple receive chains, and will need to share cellular Rx chain with D2D discovery when operating at full carrier aggregation capability. Otherwise the UE will not be able to simultaneously support D2D discovery. This clearly needs to be remedied, and the FFS should be removed.  

Proposal 3: A UE with a shared D2D/cellular Rx chain and is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the D2D discovery pools on that UL carrier.

The second FFS is related to whether the eNodeB has the ability to control whether a UE should read DL signals or not. There are scenarios when such control is needed. For example if a UE is receiving latency sensitive traffic on downlink then eNodeB can instruct the UE to listen on DL rather than listen for discovery. This FFS should also be removed.

Proposal 4: eNodeB may signal RRC_CONNECTED UEs on whether it can or cannot skip reading DL signals during subframes corresponding to D2D discovery pools on paired UL carrier. 
During RAN1#78bis the following agreements were also achieved on D2DSS resources in coverage and D2DSS transmission by UE transmitting discovery.

For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe
· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe
· For a discovery UE, for each discovery pool, the UE shall transmit D2DSS in the first subframe of the discovery pool if this subframe is in the D2DSS resource, or otherwise in the latest subframe of the D2DSS resource before the start of the discovery pool, if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS: the UE is not scanning for other D2DSS (details FFS), AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the UE transmits a discovery message in the discovery pool, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, OR all of the following conditions are satisfied: 

· an RSRP threshold for discovery D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.

Furthermore following agreement was achieved on reception of D2DSS

· If higher layer indicates w1 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w1 ms for that neighbour cell with respect to neighbour cell D2DSS resource w1 is a fixed value and decided by RAN4
· UE may assume D2DSS is transmitted in that cell
· If higher layer indicates w2 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w2 ms for that neighbour cell with respect to neighbour cell discovery resource 
· Exact value of w2 is decided by RAN4
· RAN1 recommend  w2 as not greater than CP length (of the order of CP length)
· UE expects that D2DSS indicated by the resource pool configuration appears only within signaled reference synchronization window
A UE that is receiving D2D discovery may need to receive D2DSS transmitted by UEs in neighboring cells and will need to search for +/-w1(or w2) ms around the expected location of D2DSS. If a UE is RRC_CONNECTED and has a shared D2D/cellular Rx chain it should not be expected to monitor DL while receiving D2DSS and its associated synchronization window. In other words the first agreement highlighted in this section should be extended to D2DSS resource corresponding to D2DSS and its associated search window.

Proposal 5: On FDD carriers, for UEs with a shared D2D/cellular Rx chain, a UE that is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the D2D discovery pools including the D2DSS subframes corresponding to the D2D discovery pool, and the associated synchronization window of the D2DSS subframes on that UL carrier as well as one subframe preceding and following these subframes.

The agreement on D2DSS resources in coverage covers allows a UE to transmit D2DSS on the first sub-frame of a discovery resource pool if it overlaps with a D2DSS resource. Such a sub-frame should not be used for transmission of discovery. For Type 1 discovery, a UE should not consider discovery resources on that sub-frame while selecting a discovery resource to transmit on.
Proposal 6: If the first sub-frame of a discovery resource pool overlaps with a D2DSS resource, there should be no discovery transmission on that sub-frame. For Type 1 discovery, a UE should not consider the discovery resources on that sub-frame while selecting a discovery resource to transmit on.

Further, we note that the agreement to allow UE to skip DL detection on paired carrier is in slight contradiction with the agreements made for the transmission which prioritize UL transmission over D2D transmission.  We propose to resolve this by allowing UE to skip UCI computation and transmission during the discovery sub-frames.
Proposal 7: A UE receiving discovery signals is not expected to compute UCI on the paired DL carrier during sub-frames belonging to discovery including D2DSS sub-frames and the associated synchronization window as well one sub-frame preceding and following these sub-frames, and can skip corresponding UCI transmission within discovery sub-frames in a discovery period.

Finally, we discuss impact of  D2D Rx prioritization over WAN Rx on Random access and PHICH implied by the agreement on UE not expecting to do DL reception during discovery.

Proposal 8:  For random access: 

a. WAN Rx should still be prioritized over discovery Rx for RAR reception. 

b. WAN Rx should still be prioritized over discovery for MSG4 reception. 

Proposal 9: For PHICH (HARQ_FEEDBACK), UE should prevent non-adaptive retransmission if PHICH is not decoded during D2D discovery

4
Conclusion

In this contribution we discussed the remaining details of discovery and made the following proposals.
Proposal 1: Discovery message size (excluding the CRC) should be increased to 232 bits.

Proposal 2: Frequency hopping pattern proposed in (1) should be used for discovery repetition transmissions.

Proposal 3: A UE with a shared D2D/cellular Rx chain and is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the D2D discovery pools on that UL carrier.

Proposal 4: eNodeB may signal RRC_CONNECTED UEs on whether it can or cannot skip reading DL signals during subframes corresponding to D2D discovery pools on paired UL carrier. 
Proposal 5: On FDD carriers, for UEs with a shared D2D/cellular Rx chain, a UE that is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the D2D discovery pools including the D2DSS subframes corresponding to the D2D discovery pool, and the associated synchronization window of the D2DSS subframes on that UL carrier as well as one subframe preceding and following these subframes.

Proposal 6: If the first sub-frame of a discovery resource pool overlaps with a D2DSS resource, there should be no discovery transmission on that sub-frame. For Type 1 discovery, a UE should not consider the discovery resources on that sub-frame while selecting a discovery resource to transmit on.

Proposal 7: A UE receiving discovery signals is not expected to compute UCI on the paired DL carrier during sub-frames belonging to discovery including D2DSS sub-frames and the associated synchronization window as well one sub-frame preceding and following these sub-frames, and can skip corresponding UCI transmission within discovery sub-frames in a discovery period.

Proposal 8:  For random access: 

a. WAN Rx should still be prioritized over discovery Rx for RAR reception. 

b. WAN Rx should still be prioritized over discovery for MSG4 reception. 

Proposal 9: For PHICH (HARQ_FEEDBACK), UE should prevent non-adaptive retransmission if PHICH is not decoded during D2D discovery
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