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1	Introduction
During RAN1#76 it was observed that coexistence of discovery and WAN is an open issue [1]. In this contribution we propose solutions to enable coexistence between D2D discovery and WAN in the co-channel case such that the impact of discovery on WAN is minimized. We note that coexistence across bands is being actively discussed in RAN4. Discovery is expected to occupy a very small fraction of WAN resources (less than 1%), so the impact of discovery on WAN should be minimal.
We first identify potential issues with D2D discovery and WAN coexistence. We then propose solutions to resolve these issues based on interleaving of WAN and discovery sub-frames and prioritization by UEs. We also make some observations on how eNodeB can help resolve these issues. Additional prioritization rules are proposed for the case when a UE has only one receive chain for receiving downlink and discovery signals. Finally, simulation results are presented to quantify the impact of discovery on WAN.
2	Coexistence Issues
Uplink HARQ process is synchronous, i.e., re-transmissions of PUSCH are not explicitly scheduled and UEs keep on transmitting a MAC PDU until it receives an acknowledgement. So even if UEs are not scheduled on resources that are reserved for discovery it is possible that HARQ re-transmissions can conflict with resources reserved for discovery. 
Observation 1: Uplink HARQ re-transmissions can collide with discovery transmissions.
To avoid collisions between PUSCH and discovery signals UEs should not transmit HARQ re-transmissions and SPS transmissions on resources reserved for discovery. For legacy UEs, eNodeB can suspend re-transmissions that collide with discovery transmissions by transmitting an acknowledgement. These suspended re-transmissions can be activated once they do not collide with discovery transmissions.
Proposal 1: D2D capable UEs should not transmit HARQ re-transmissions and SPS transmissions on resources reserved for discovery.
Observation 2: For legacy UEs, eNodeB can suspend HARQ re-transmissions that can occur on discovery resources by transmitting an acknowledgement. 

WAN signals sent on sub-frames with resources reserved for discovery can be interfered with. Consider Figure 1 below. The resources used for discovery and WAN are FDM within the same sub-frame. D transmits a discovery signal that due to in-band emissions can leak into WAN signal transmitted by F.


 Discovery signal transmitted by D

 Uplink signal transmitted by F
F


D
E
Discovery signal transmitted by D
Uplink WAN signal transmitted by F









Figure 1
The impact of such in-band emissions can be significant due to couple of reasons: (i) the discovery signal transmitted by a UE is not power controlled; (ii) several UEs can be transmitting discovery signals within a sub-frame. This is because RRC_IDLE UEs can participate in discovery and from a power consumption perspective it is better to have discovery resources FDMed within a sub-frame. (For example, in our simulations there are 22 discovery resources in a sub-frame with discovery resources.) As a result, the WAN signal is interfered with in-band emissions from several D2D discovery signals. The effect of these in-band emissions can be enhanced also due to timing difference between discovery and WAN signals. For Type 1 discovery, UEs will transmit using downlink timing while WAN signals will use uplink timing. 
When WAN and D2D resources occur on the same sub-frame, due to half duplex constraint it is not be possible for a UE to receive discovery signal while transmitting uplink WAN signals. Furthermore, due to SC-FDMA and total power constraint it is not easy for a UE to transmit uplink WAN and discovery signal simultaneously. Note that RAN1 has already agreed to rule out both these possibilities [1].
Based on this discussion we make the following observation.
Observation 3: When WAN and D2D discovery resources are FDM, WAN communication can be interfered with.
From Observation 3 it should be clear that FDM of discovery and WAN signals should be avoided. This will minimize the number of WAN signals that are impacted and reduce the power consumed due to discovery. However this may not always be possible. For example PUCCH resources will be FDM with discovery resources.
Observation 4: FDM of WAN and D2D discovery resources should be minimized.
To reduce the impact on PUCCH signals we propose that sub-frames with discovery resources be interleaved with sub-frames resources reserved for WAN only. This is illustrated in Figure 2 below where two sub-frames with discovery resources are followed by a sub-frame containing WAN only resources.
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Figure 2
Interleaving WAN sub-frames allows PUCCH transmissions to be free of discovery interference. This can be especially useful when the period of interleaving is co-prime with the period of periodic PUCCH transmissions like CQI. This allows at least some PUCCH transmissions from every UE to be transmitted without interference from discovery. For example, interleaving every 3 sub-frames is co-prime with CQI transmission periodicity of 1, 2, 5, 10, 20, and 40 sub-frames. Similarly note that interleaving 3 sub-frames is also co-prime with HARQ interlace period of 8.
Proposal 2: Sub-frames with resources for discovery should be interleaved with sub-frames on which only WAN signals are transmitted.
It is possible that on a sub-frame a UE needs to transmit a PUCCH transmission along with transmit or receive discovery signals. In such a scenario UE needs to decide whether to transmit either PUCCH or participate in discovery. As was discussed in Observation 3 when discovery and WAN resources are FDM, WAN signals can be interfered with. However, if a UE participates in discovery the performance of discovery will benefit.  Therefore it is better to participate in discovery. 
Proposal 3: D2D capable UEs should participate in discovery on a sub-frame with discovery resources rather than transmit on PUCCH.
Note that lack of transmissions of acknowledgements over PUCCH may lead to some extra re-transmission.  However, interleaving will limit the amount of re-transmissions. As will be seen in Section 3 the loss due to extra re-transmissions is minimal. 
A similar situation to PUCCH may arise when PRACH and discovery resources occur on the same sub-frame. However, the SNR needed for detecting PRACH is quite low. Therefore, it may be beneficial to allow PRACH transmissions. This will also make sure that access delay of UEs is not impacted. Therefore we propose the following.
Proposal 4: D2D capable UEs should prioritize PRACH over participation in discovery. Furthermore UEs should not transmit D2D discovery signal on resources reserved for PRACH.
Consider the case when WAN and D2D resources are TDM but the WAN signals are of short duration. An example of this is SRS transmission. If a UE wants to transmit SRS in between discovery sub-frames it may need to perform a receive to transmit switch and after transmitting SRS perform a transmit to receive switch. Both these switching will require around 20us and will be significant overhead. Furthermore, discovery signals may interfere with the SRS because discovery signals follow downlink timing whereas SRS uses uplink timing. Additionally, because discovery signals are not power controlled the impact of interfering discovery signals on SRS can be significant. This will negatively impact power control loops and path loss estimation of a UE. 
Observation 5: When short duration WAN signals such as SRS are TDM with D2D discovery signals there can be significant overhead and WAN signals can be interfered with.
Therefore, it may be better that UE is configured to not transmit the SRS.
Proposal 5: D2D capable UEs should not transmit SRS on sub-frames with resources reserved for discovery.
Sub-frames with discovery resource should occur consecutively. This reduces the amount of wakeups a UE needs to perform to participate in discovery, which in turn reduces power consumption. 
As mentioned earlier, discovery is likely to consist of less than 1% of overall uplink resources. So, even if sub-frames with resources for discovery occur consecutively the impact of discovery on delay tolerant WAN throughput should be minimal. This is especially true when as proposed in Proposal 2 WAN and discovery sub-frames are interleaved. This claim is validated by simulation results presented in Section 3.
Observation 6: Since discovery is likely to be less than 1% of resources the impact of discovery on delay tolerant WAN traffic is limited. This is especially true when WAN and discovery sub-frames are interleaved.
Since sub-frames with discovery resource will occur consecutively, the impact on delay sensitive traffic needs to be discussed more. For example voice traffic will require packets to be scheduled every 20ms and needs to achieve a target loss rate of 2%. Note that because the discovery resources are less than 1% a UE should be able to meet the target loss rate. However in general, some solutions should be provided to limit the impact.
Observation 7: The impact on delay sensitive traffic needs more discussion especially because sub-frames with discovery resources will occur consecutively.
The issue raised in Observation 7 can be ameliorated by interleaving as proposed in Proposal 2. eNodeB can schedule delay sensitive traffic on such interleaved sub-frames. Furthermore, legacy UE’s SPS allocations can occur on such interleaved sub-frames.
Proposal 6: Delay tolerant traffic can be scheduled on interleaved sub-frames on which only WAN signals are transmitted.
For D2D in general a UE needs to transmit and receive on the uplink sub-frames. While this is feasible for TDD, a mechanism to receive D2D on uplink is needed for FDD carriers. If sub-frames with discovery resources are consecutive then UEs need to engage in discovery less than 1% of the time. In such a scenario it is desirable not to add a separate receive chain for receiving D2D discovery on uplink. The downlink receive chain can be reused for receiving D2D discovery on the uplink.
If a UE uses the downlink receive chain for receiving D2D discovery it cannot simultaneously receive on the downlink. Therefore additional UE behaviour rules need to be defined on when UEs should receive downlink versus D2D discovery signals.
Observation 8: If a D2D capable UE uses one receive chain for receiving both downlink and discovery signals, then UE behaviour rules need to be defined for when a UE should receive downlink versus discovery signals. 
To resolve this issue we propose that periodically scheduled WAN procedure should be prioritized over discovery. In other cases discovery should be prioritized over WAN. More specifically, we propose the following set of rules.
Proposal 7: D2D capable UEs with a single receiver chain should follow the following set of rules:
· RRC_IDLE UEs should prioritize receiving paging messages on downlink over discovery.
· RRC_CONNECTED UEs not in DRX should prioritize RRM procedures over discovery.
· RRC_CONNECTED UEs not in DRX should prioritize SPS assignments over discovery.
· RRC_CONNECTED UEs not in DRX should prioritize discovery over receiving PDCCH assignments. 
The last rule is needed because if a UE is engaging in discovery it cannot decode assignments sent over PDCCH. Note that because discovery resources are less than 1% of resources this will not impact UE’s delay tolerant traffic’s throughput significantly. This is verified in the Section 3. Also note that because a UE will prioritize SPS assignments over discovery its delay tolerant traffic is not impacted significantly.
3	Simulation Results
To quantify the impact of discovery on WAN, we simulated WAN downlink and uplink traffic with and without the presence of Type 1 discovery. In the presence of discovery every 10 seconds PUSCH resources of 64 sub-frames are used for discovery. These sub-frames are not contiguous but are interleaved as shown in Figure 2, i.e., every third sub-frames contain WAN only resources. We call the period during which discovery occurs including the WAN only sub-frames that are interleaved as the ‘discovery phase’.
We simulated both Layout Option 1 and Option 3. There are 25 active [1] or RRC_CONNECTED UEs in each cell, among which 5 UEs are legacy UEs and do not participate in discovery. Others are D2D capable UEs who participate in discovery. All UEs have traffic on both the downlink and the uplink.
All UEs have a single receiver chain. As a result D2D capable UEs cannot receive downlink data or transmit uplink data during the discovery phase (including the WAN sub-frames that are interleaved). Therefore the eNodeB schedules only legacy UEs during the discovery phase. For legacy UEs, the eNodeB can schedule uplink WAN transmissions on any WAN sub-frame, and DL WAN transmissions on any sub-frame. Subject to these scheduling constraints, the eNodeB uses a round-robin scheduler for downlink and uplink WAN transmissions. To simulate the worst-case scenario, we assumed that no PUCCH transmission (including those from legacy UEs) is received by the eNodeB on discovery sub-frames. 
Other simulation assumptions are listed in Table 1.
Table 1: Other simulation assumptions 
	Parameter
	Value

	WAN traffic model
	Full buffer

	Bandwidth allocation of WAN transmissions
	3 sub-bands, each with 16 RBs. In each sub-frame, one sub-band is randomly chosen for each scheduled UE.

	Downlink and uplink  HARQ interlace
	8ms

	Downlink and uplink HARQ maximum number of retransmissions
	6

	Downlink and uplink HARQ target
	2

	Downlink transmit power
	46 dBm

	Uplink power control
	 α = 0.8, PO_PUSCH = -95dBm for all UEs

	SINR-to-rate mapping
	Shannon bound

	Fast fading
	3GPP SCM-UMa with UE speeds of 3km/hr

	CQI periodicity
	40ms

	SRS periodicity
	40ms

	Other parameters  
	Corresponding to 3GPP Case 1 in TR 36.814 [2]



For each simulation, we obtain the average throughput and compute the throughput loss as compared to the case where no discovery takes place. The results are shown in Table 2.
[bookmark: _Ref378247580]Table 2: WAN downlink and uplink throughput loss due to in-network discovery
	
	Layout Option 1
	Layout Option 3

	
	DL
	UL
	DL
	UL

	Average throughput los s in percentage
	0.48 %
	0.69%
	0.48 %
	0.74%



As seen in Table 2, all the throughput losses are in the order of the fraction of discovery resources (0.64%), as expected. The loss of uplink WAN throughput is close to 0.64%. The loss of downlink WAN throughput is lower than 0.64% because the eNodeB can receive the acknowledgements and CQI on the interleaved WAN sub-frames. 
Observation 9: Simulations confirm that the loss in WAN downlink and uplink throughput due to discovery is very small and minimal.
4	Conclusion
In this contribution we studied issues arising due to coexistence of WAN and D2D discovery.  We proposed both UE and eNodeB based solutions to resolve these issues. We also presented some simulation results which showed that the impact of discovery on WAN is minimal. 
To summarize we made the following observations and proposals.
Observation 1: Uplink HARQ re-transmissions can collide with discovery transmissions.
Proposal 1: D2D capable UEs should not transmit HARQ re-transmissions and SPS transmissions on resources reserved for discovery.
Observation 2: For legacy UEs, eNodeB can suspend HARQ re-transmissions that can occur on discovery resources by transmitting an acknowledgement. 
Observation 3: When WAN and D2D discovery resources are FDM, WAN communication can be interfered with.
Observation 4: FDM of WAN and D2D discovery resources should be minimized.
Proposal 2: Sub-frames with resources for discovery should be interleaved with sub-frames on which only WAN signals are transmitted.
Proposal 3: D2D capable UEs should participate in discovery on a sub-frame with discovery resources rather than transmit on PUCCH.
Proposal 4: D2D capable UEs should prioritize PRACH over participation in discovery. Furthermore UEs should not transmit D2D discovery signal on resources reserved for PRACH.
Observation 5: When short duration WAN signals such as SRS are TDM with D2D discovery signals there can be significant overhead and WAN signals can be interfered with.
Proposal 5: D2D capable UEs should not transmit SRS on sub-frames with resources reserved for discovery.
Observation 6: Since discovery is likely to be less than 1% of resources the impact of discovery on delay tolerant WAN traffic is limited. This is especially true when WAN and discovery sub-frames are interleaved.
Observation 7: The impact on delay sensitive traffic needs more discussion especially because sub-frames with discovery resources will occur consecutively.
Proposal 6: Delay tolerant traffic can be scheduled on interleaved sub-frames on which only WAN signals are transmitted.
Observation 8: If a D2D capable UE uses one receive chain for receiving both downlink and discovery signals, then UE behaviour rules need to be defined for when a UE should receive downlink versus discovery signals. 
Proposal 7: D2D capable UEs with a single receiver chain should follow the following set of rules:
· RRC_IDLE UEs should prioritize receiving paging messages on downlink over discovery.
· RRC_CONNECTED UEs not in DRX should prioritize RRM procedures over discovery.
· RRC_CONNECTED UEs not in DRX should prioritize SPS assignments over discovery.
· RRC_CONNECTED UEs not in DRX should prioritize discovery over receiving PDCCH assignments.
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