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1   Introduction
A new WI named “LTE Device to Device Proximity Services” has been agreed at RAN#63 meeting [1]. As stated in [1], the work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843 [2]. According to the TR 36.843, both Type 1 and Type 2 resource can be supported for D2D discovery. And the NW needs to be in control of the resources and transmission mode (RRC_CONNECTED and/or RRC_IDLE) that the UEs may use to transmit discovery signals. However, there is still a relevant FFS as follows:
	FFS whether there is also a need to disallow selected UEs to use Type 1 transmission resources on AS level (e.g. to avoid out of band emission problems).


In this contribution, we will analyze the prohibition of selected UE to use Type 1 resources problem. Two possible motivations such as operator control and interference avoidance are discussed in depth. And their necessities for introducing the AS level prohibition mechanism are analyzed. 
2   Discussion

Operator control
For a given D2D UE, it is possible that the operators want to control its usage of certain type of D2D discovery resources. For example, only the Type 2 but the Type 1 resource is allowed for selected UEs for the D2D discovery message transmission. Suppose the prohibition of Type 1 resource is based on the subscription information of the D2D UE, the core network may send the resource control information to specific UE through the NAS message when the UE is attached to the network. Also the ProSe function in the D2D UE may be pre-configured with the resource control information. Both of them could accomplish the Type 1 resource prohibition purpose without the AS level control.  
Someone may argue that the AS level resource prohibition could achieve more dynamic control. However, we could not see strong justification for doing so. Contrary to eNB scheduled Type 2 resource, the UE autonomously selects the Type 1 radio resource from the indicated Type 1 transmission resource pool for discovery signal transmission. Since the eNB does not have knowledge of which UE is transmitting the D2D discovery signal with the Type 1 resource, it is hard for the eNB to select specific UEs to disallow its Type 1 resource usage. Therefore, the AS level prohibition of Type 1 resource for specific UE is neither applicable nor necessary.
Proposal 1: AS level prohibition of Type 1 resource for specific UEs is not necessary from the perspective of operator control. Instead, for operator control, NAS level prohibition of Type 1 resource is more feasible. 
Interference avoidance
In addition to the operator control, interference problems would be another possible reason to disallow UEs to use Type 1 resource. Suppose the cellular resource is used for D2D discovery, the interference between D2D discovery signal transmission and cellular communication should be considered for the in coverage scenario. In order to simplify the design, it is generally recommended to utilize TDM or FDM multiplexing between cellular and D2D transmissions. However, it could not totally eliminate the interference problems, for example, the out of band emission and the inband emission relevant interferences. We will discuss them in details as follows.
Out of band emission
The out of band emission was mentioned as a possible reason for disallowing UEs to use Type 1 resource. As we know, the typical UEs emission masks are far from ideal and spurious emissions are produced outside the nominal transmission bandwidth [4]. Such emissions are due to non-linearity in the transmitter, especially the power amplifier, and are regulated by 3GPP requirements [5]. These emissions may cause interference to the nearby spectrum resource. Suppose the D2D transmission resource is near to other operators’ spectrum, the D2D UE’s transmission may cause the out of band emission interference to other operators’ spectrum. Especially for a D2D UE using the Type 1 resource, it may transmit the D2D discovery messages at full power, which deteriorates the interference problem. 
A simple solution for this problem is to disallow all the UEs within a cell to use the Type 1 transmission resources for D2D transmission. This could be accomplished by releasing the Type 1 transmission resources pool for that cell. However, this impacts the RRC_IDLE UEs since they can only transmit the discovery message with Type 1 resource. Another approach is to control the transmission power of D2D UEs for D2D discovery signal transmission so that the out of band emission is limited to an accepted level. As to the prohibition of selected UEs to use Type 1 resource, since the eNB does not have knowledge of which UE is transmitting the D2D discovery signal with the Type 1 resource, it is hard for the eNB to select specific UEs to disallow Type 1 resource usage. Therefore, AS level prohibition of Type 1 resource for specific UEs is not feasible.

Proposal 2: The prohibition of all the UEs to use Type 1 resource or transmission power control for the D2D discovery signal are possible ways to solve the out of band emission interference. 
In-band emission

Compared with the out of band emission problem, the in-band emission focuses on the interference between D2D transmission and cellular transmission within a same sub-frame. This problem has been discussed extensively in RAN1. As presented in [4], the in-band emission can be divided into two categories: inter-device interference and intra-device interference. The intra-device interference is mainly caused by the power imbalance between the simultaneous D2D and cellular transmission or the simultaneous cellular transmission and D2D reception within a UE. According to TR36.843, it has been agreed that the D2D signal reception and uplink WAN transmission do not use full duplex on a given carrier. Also FDM shall not be used for the multiplexing of a D2D signal and WAN signal on a given carrier for an individual UE. In this way, the intra-device interference is eliminated. So in this section we will focus on the inter-device in-band emission interference problem.
Figure 1 illustrates the inter-device interference from D2D to cellular transmission. As shown in Figure 1(a), UE1 is the announcing UE and it transmits the discovery message to nearby D2D UEs. Meanwhile, UE3 transmits uplink control information to eNB via PUCCH. Since the location of UE1 is close to the eNB and the D2D resource block used by UE1 is also near to the PUCCH, the D2D discovery message transmission may cause serious in-band emission interference to the PUCCH transmission (Case 1). The interference also exists between the D2D transmission and the uplink PUSCH transmission (Case 2) as shown in Figure 1(b). As a consequence, the PUCCH/PUSCH cannot be successfully received at the eNB. In our understanding, PUCCH transmission is much more important than the D2D discovery transmission. It is necessary for eNB to consider how to prevent the in-band emission interference from D2D discovery transmission.
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Figure 1: In-band emission interference from D2D to cellular transmission
As it can be seen, in-band emission interference from D2D to cellular transmission is determined by three factors: the transmission power of the D2D UE, the relative distance between the D2D UE and the eNB, and the proximity between the D2D and the cellular resource block. For the D2D discovery transmission with Type 2 resource, the eNB may choose appropriate resource blocks and/or set the transmission power level according to their relative distance during the discovery resource allocation procedure. When it comes to the Type 1 resource, since the UE performs a random selection for the discovery resource and the transmission power is determined by UE itself, it is hard for the eNB to detect the interfering D2D UE and perform the power control for the specific UE. In other words, the eNB can only take the all or nothing approach, which enables or disables all the D2D UEs within a cell to utilize the Type 1 resource through the Type 1 transmission resources pool control. It fails to select the interfering D2D UEs and disallow their D2D transmission with Type 1 resource.
Observation 1: The in-band emission interference from D2D to cellular transmission is determined by three factors: the transmission power of the D2D UE, the relative distance between the D2D UE and the eNB, and the proximity between the D2D and the cellular resource block.
The possible way to mitigate the interference mentioned above is to enhance the D2D UE with D2D power control mechanism. For example, the D2D UE may be pre-configured with a D2D transmission power threshold and all the D2D discovery transmission should not exceed that threshold. Moreover, eNB could assist the power control by broadcasting an allowed transmission power or SNR threshold for each D2D discovery resource. Upon receiving this assistance information, the UEs may autonomously choose the appropriate resource and adjust its transmission power level based on this threshold and the path loss with the eNB. In this way, the in-band emission interference problem can be solved.
Proposal 3: RAN2 is recommended to consider an eNB assisted D2D power control approach to mitigate the in-band emission interference from D2D to cellular transmission.
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Figure 2: In-band emission interference from cellular to D2D communication
Figure 2 illustrates the inter-device interference from cellular to D2D transmission. As shown in Figure 2(a), UE1 is the announcing UE and it transmits the discovery message to nearby D2D UEs. Meanwhile, UE3 transmits uplink control information to the eNB via PUCCH. Since UE3 is located at cell edge, the transmission power for the uplink transmission is rather high. Suppose UE2 is close to UE3 and it is the D2D monitoring UE, the D2D reception at UE2 may be interfered by the uplink transmission of UE3 due to in-band emission problems (Case 3). That is, UE2 is unable to decode the D2D message from UE1. Similarly, the D2D reception may also be interfered by in-band emission from PUSCH transmission (Case 4). 
According to TR36.843 [2], periodic uplink resources are allocated for Type 1 discovery. It is very likely that the UE performs random selection of discovery resource for each discovery period. Also the uplink cellular transmission UE and the resource occupation may change from time to time. In this sense, the interference from cellular UE happens by chance from the perspective of an individual UE. Since the discovery message transmission can be repeated in each discovery period, the interfered D2D UE still has the opportunity to successfully receive the subsequent D2D discovery message. Therefore it is safe to draw the conclusion that current D2D discovery transmission design is tolerant to in-band emission interference from cellular communication. 
Proposal 4: Current D2D discovery transmission design is tolerant to in-band emission interference from cellular communication.
Based on the above analysis, the prohibition of selected UEs to use Type 1 resource is not necessary for both out of band and in-band emission interference. 
Proposal 5: AS level prohibition of Type 1 resource for specific UE is not necessary from the perspective of interference avoidance. 

3   Conclusion

In this contribution, we analyzed the issue of prohibiting selected UEs from using Type 1 resources. Two possible motivations such as operator control and interference avoidance were discussed in depth. And the necessity for introducing an AS level prohibition mechanism were analyzed. Several proposals and observations have been suggested on how to continue the study:
Proposal 1: AS level prohibition of Type 1 resource for specific UEs is not necessary from the perspective of operator control. Instead, for operator control, NAS level prohibition of Type 1 resource is more feasible. 

Proposal 2: The prohibition of all the UEs to use Type 1 resource or transmission power control for the D2D discovery signal are possible ways to solve the out of band emission interference. 

Observation 1: The in-band emission interference from D2D to cellular transmission is determined by three factors: the transmission power of the D2D UE, the relative distance between the D2D UE and the eNB, and the proximity between the D2D and the cellular resource block.

Proposal 3: RAN2 is recommended to consider an eNB assisted D2D power control approach to mitigate the in-band emission interference from D2D to cellular transmission.

Proposal 4: Current D2D discovery transmission design is tolerant to in-band emission interference from cellular communication.
Proposal 5: AS level prohibition of Type 1 resource for specific UE is not necessary from the perspective of interference avoidance. 
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