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1 Introduction
In this paper we discuss the impacts of discovery resources on UE-eNB transmissions.
2 Discussion
RAN1 Agreements [1]: As per the RAN1 agreements D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage. RAN1 also has agreed that periodic uplink resources (non UE specific) for discovery are allocated in a semi static manner.
2.1 Collision of UL HARQ packets with Discovery transmissions
The discovery subframe reserved for discovery impacts the UL HARQ packet transmissions by UE communicating with eNB. The discovery subframe may collide with the subframe in which UL HARQ packet transmission (In UL synchronous HARQ is used wherein the TTI or subframe for retransmission is fixed relative to subframe for first transmission) is scheduled. This is illustrated in Figure 1. A radio subframe ‘x’ is allocated for discovery. The HARQ packets of HARQ process started in radio subframes ‘x-n*(Retx_Interval) ‘will collide with discovery transmissions in discovery subframe ‘x’. Here ‘n’ equals 1 to N where ‘N’ is the maximum number of retransmissions allowed for an HARQ packet. This collision affects the performance of both discovery and UE-BS communication. For discovery several subframes will be reserved for discovery and this will lead to collisions for many subframes. The similar collision will also be observed when some resources are reserved in a subframe for discovery instead of full subframe for discovery.
Observation 1: The discovery resources reserved in a subframe impacts the UL HARQ operation of UE communicating with eNB.
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Figure 1 Collision of UL HARQ packets with Discovery transmissions

2.2 Approach 1 for avoiding collision
One of the simplest solution to avoid the collision is that eNB can determine those non discovery subframes, in which HARQ packets of a started HARQ process may collide with discovery transmissions in discovery subframe and then eNB does not schedule any new UL HARQ packet in the determined non discovery subframes or in those resources in the determined non discovery subframes which has been reserved for discovery in discovery subframe. For example, in Figure 2 if subframe ‘x’ is for discovery then eNB does not schedule new UL HARQ packet for any UE in subframes ‘x-n*(Retx_Interval)’. Here ‘n’ equals 1 to N where ‘N’ is the maximum number of retransmissions allowed for an HARQ packet. This solution has no impact on UE behaviour. However this solution leads to significant wastage of UL resources. For every discovery subframe, UL resources of ‘N’ subframes are wasted.

Observation 2: eNB scheduling can avoid the collisions between UL HARQ packet and discovery transmissions at the cost of significant UL resource wastage.
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Figure 2 Approach 1 Illustration
2.3 Approach 2 for avoiding collision

eNB can early terminate the HARQ process by transmitting HARQ ACK instead of HARQ NACK can avoid the collisions between UL HARQ packet and discovery transmissions. If an UL HARQ packet is not successfully received, eNB determines if the subframe for retransmission is same as the discovery subframe or not. If yes, then BS sends HARQ ACK instead of HARQ NACK. This approach is illustrated in Figure 3. This solution also has no impact on UE behaviour. The lost PDU in HARQ packet can be recovered by upper layer for radio bearers with RLC configured in AM mode. In this approach HARQ ACK to NACK error may still cause collision. 
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 Figure 3 Approach 2 Illustration

Observation 3: Early termination of HARQ process by transmitting HARQ ACK instead of HARQ NACK can avoid the collisions between UL HARQ packet and discovery transmissions

2.4 Approach 3 for avoiding collision

A non legacy UE (D2D or non D2D) can determine whether the subframe and resources to be used for HARQ packet retransmission collides with the discovery resources in discovery subframe or not. A non legacy UE (UE supporting release >= release 12) can determine the discovery subframes & discovery resources by reading the broadcasted discovery resource configuration. During the UL HARQ operation if HARQ packet retransmission collides with discovery resources in discovery subframe then UL HARQ packet retransmission can be skipped by the non legacy UE. This is similar to operation performed by UE when the measurement gaps are encountered by UE during the UL HARQ retransmissions.
Observation 4: Non Legacy UE can avoid the collisions between UL HARQ packet and discovery transmissions by skipping the UL HARQ retransmissions.
A legacy UE (UE supporting release <= release 11) cannot determine whether the subframe & resources scheduled for HARQ packet retransmission will collide with the discovery resources in discovery subframe or not since the legacy UE cannot determine the discovery subframes & discovery resources by reading the broadcasted discovery resource configuration. Thus to avoid a potential collision, the eNB does not schedule any new UL HARQ packets for legacy UEs in the determined non discovery subframes. However, the eNB may still schedule non-legacy UEs in these determined non discovery subframes, assuming a collision avoidance mechanism such as Approach 3.
Observation 5: eNB scheduling can avoid the collisions between legacy UE UL HARQ packet transmission and discovery transmissions by D2D UEs.
Considering the pros and cons we propose the following for avoiding the collision between HARQ packet and discovery transmissions:
Proposal 1: Non legacy UE (i.e. UE supporting release >= release 12) skips the UL HARQ packet transmission if the subframe and resources scheduled for HARQ packet transmission collides with discovery subframe and discovery resources.
Proposal 2: In case of legacy UE (i.e. UE supporting release <= release 11), the eNB does not schedule any new UL HARQ packet in those non discovery subframes in which HARQ packets of a started HARQ process may collide with discovery transmissions in discovery subframes.

3 Conclusion

In this paper we have discussed how discovery resources should be signaled for Direct Discovery. We have also discussed impact of discovery resources on UE-eNB transmissions in uplink.
Observation 1: The discovery resources reserved in a subframe impacts the UL HARQ operation of UE communicating with eNB.
Observation 2: eNB scheduling can avoid the collisions between UL HARQ packet and discovery transmissions at the cost of significant UL resource wastage.

Observation 3: Early termination of HARQ process by transmitting HARQ ACK instead of HARQ NACK can avoid the collisions between UL HARQ packet and discovery transmissions

Observation 4: Non Legacy UE can avoid the collisions between UL HARQ packet and discovery transmissions by skipping the UL HARQ retransmissions.
Observation 5: eNB scheduling can avoid the collisions between legacy UE UL HARQ packet transmission and discovery transmissions by D2D UEs.
Proposal 1: Non legacy UE (i.e. UE supporting release >= release 12) skips the UL HARQ packet transmission if the subframe and resources scheduled for HARQ packet transmission collides with discovery subframe and discovery resources.

Proposal 2: In case of legacy UE (i.e. UE supporting release <= release 11), the eNB does not schedule any new UL HARQ packet in those non discovery subframes in which HARQ packets of a started HARQ process may collide with discovery transmissions in discovery subframes.
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