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1
Introduction
In the study item phase, we reached agreements on type 1 discovery as following [1]. 


Contents in Study item TR
For Type 1 discovery the following is agreed to:

· Periodic uplink resources are allocated for discovery in a semi-static manner
· [Discovery transmission resource configuration consists of a discovery period, number of sub-frames within a discovery period that can be used for transmission of discovery signals, and FFS number of PRBs.]*
· Working assumption: Resource allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time-frequency resource blocks that are called “discovery resource”.
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource.
The baseline for the type-1 discovery is that periodic uplink resources are allocated for discovery and each Tx UE transmits its discovery signal using the individual discovery resource selected randomly by the UE. Figure 1 is showing the resource allocation for type-1 discovery reflecting the baseline.
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Figure 1: baseline for the resource allocation for type-1 discovery

In Figure 1, resources are reserved for PUCCH in each edge of the band during discovery duration. PUCCH transmission is required even for discovery duration at least for DL HARQ operation. However, if FDM is considered between D2D and PUCCH, PUCCH performance is not guaranteed by the impact of in-band emission, ICI, and ISI and it would result in DL throughput degradation without any schemes to mitigate the D2D impact. [2-5] Therefore some possible schemes were discussed in RAN1 #76bis, and the following observation was captured in [6] regarding WAN protection 
· Companies are encouraged to consider possible options (including implementation-based mechanisms) for WAN protection in case D2D and WAN resources are FDMed from system perspective.

· Some possible options include: 
· Option 1) Power control for D2D signal transmission

· Note 1: Transmit power is controlled by eNB in Communication Mode 1 and discovery Type 2.

· Note 2:  Fixed power (non-UE specific) or open loop power control can be considered in Communication Mode 2 (if supported by in-coverage UEs) and discovery Type 1.

· Note 3:  Solutions to cope with D2D coverage difference when UE-specific transmit power control is applied is different should be considered.

· Option 2) RSRP measurement based resource selection restriction

· Option 3) Guard band between WAN and D2D resources 

· Option 4) power boosting of WAN transmission 
· Others including combination between options are not precluded.
Based on the observation, this contribution discusses the possible options for WAN protection. Detailed evaluations on each option are included in our companion contribution. [4]
2
Options for WAN protection
2.1
Power control
Assuming the FDM is used between PUCCH and type-1 discovery, it easily happens that PUCCH SINR can be pretty low by the in-band emission of D2D UEs. For this in-band emission problem, two simple solutions can be considered

1)  Increase the transmission power of the WAN UEs transmitting PUCCH when the interference by in-band emission of the D2D is significantly high in eNB

2)  Decrease the transmission power of the D2D UEs transmitting discovery signals in order to decrease the interference by in-band emission of the D2D

Considering legacy UE operation, dynamic power boosting may not be a good solution. Even though power boosting can be applied, it cannot satisfy the required PUCCH performance as shown in our evaluation [4].
Meanwhile, the second option, open loop power control can be introduced without any impact to legacy UEs. From the evaluation shown in [4], we can achieve significant enhancement on PUCCH SINR with slight discovery performance degradation if open loop power control is applied. From the perspective that existing cellular operation is prioritized over the new feature, open loop power control is possible candidate for type-1 discovery.
Assuming that open loop power control is applied, the target power is to be configured and signaled to all type-1 discovery UEs in a semi-static manner, e.g. SIB signaling. By this target power configuration, it is possible to have both options between tight PUCCH protection and discovery performance maximization. For example, PUCCH protection would be pretty high if the target power of the power control is low enough. On the other hand if the target power is high enough, we can make the situation that open loop power control is not applied to any discovery UEs and discovery performance gets maximized. By having this freedom for the configuration of the power control parameter, an operator could decide the desired target value considering the trade-off between WAN and discovery.
Considering possible enhancement on PUCCH performance, it is proposed to consider the open loop power control for type-1 discovery.
2.2
RSRP measurement based resource selection restriction
This option is based on the discovery grouping. As seen in Figure 2, we divide the resource for type-1 discovery by two groups in time division manner. UEs whose serving cell RSRP is higher than a certain threshold value use group 1 resource for the transmission of discovery signal and other UEs use group 2 resource. High RSRP UEs gives big in-band emission interference to PUCCH. Therefore, PUCCH in the same subframes with group 1 would show very low SINR. On the contrary, PUCCH in group 2 would show high SINR.
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Figure 2: Resource allocation for the discovery resource grouping
Our evaluation results in [4] are showing that without grouping, PUCCH SINR is still too low to rely on the transmission of PUCCH. Therefore, an eNB cannot rely on the ACK/NACK for the DL data transmission and it cannot avoid the scheduling restriction in the discovery resource region and it will degrade the DL throughput performance as shown in [5]
However, by applying RSRP based grouping, it can be seen that PUCCH SINR in group 2 is high enough to guarantee the reliable PUCCH reception in the eNB. PUCCH SINR in group 1 is lower than no grouping case and we cannot rely on the PUCCH reception in this region. This implies that this grouping approach limits the number of subframes which shows unreliable PUCCH transmission. The amount of resource for group 1 and group 2 can be configured by the network. Under the current evaluation assumption, it is desirable to allocate more than half of the discovery resources for group 2, which means that more than 50% PUCCH could be considered reliable. 

Based on the observation of the evaluation results, we can have the following options

· An eNB can use the knowledge that PUCCH is reliable in group 2 and not in group 1 for the scheduling of DL data.

· An eNB schedules DL data for legacy UEs in group 2 regions

· An eNB schedules DL data for Rel-12 UEs in group 1 regions with possible modification of ACK/NACK timing for those UEs.

This grouping approach does not give big impact to discovery performance as [4] is showing that CDFs of number of discovered UEs are pretty much same with and without grouping approach.
Considering the possibility to have reliable PUCCH even in discovery region, it is proposed to consider the RSRP measurement based resource selection restriction for type-1 discovery.
3
Conclusion

This contribution provides discussion on possible options for PUCCH protection. We propose following.
Proposal
· From system perspective, FDM should be considered for multiplexing between WAN and D2D

· At least resources for PUCCH should be reserved for subframes where D2D exists

· Following options should be considered for the D2D discovery if PUCCH is transmitted in the same subframe with discovery.

· ENB based open loop power control 

· RSRP measurement based resource grouping
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