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1
Introduction
At least in the general ProSe use case, the effect of D2D discovery on WAN operation should be minimized. In this document we discuss the need of rapid control of the use of discovery resources and propose a method for that. 

2
Discussion 
D2D discovery may affect WAN in a few ways:

· Discovery signals are transmitted in UL resources which are then not available for PUSCH or PUCCH.

· Some resources even outside the PRBs reserved for discovery signals may be unavailable for UL because of in-band emissions or because of interference due to asynchronous transmissions if discovery signals are transmitted with different CP length or timing advance different to the UL signals. At least some kind of guard band needs to be reserved between discovery and UL resources and there have been even proposals to exclude FDM of discovery signals and PUCCH.
· DL throughput is affected if HARQ feedback is not available because discovery signal transmissions prevent PUCCH reception or, in FDD system, because of discovery signal reception if UE lacks capability of simultaneous DL and UL reception.   

It has not yet been agreed how the discovery resources will be distributed in time but a rather general assumption has been that they would not appear evenly but would rather be concentrated in subframe groups that could be separated by up to seconds of periods idle of discovery resources. Such a configuration could mean that WAN would be affected continuously for tens of milliseconds which would mean considerable delay for data and control information. In the following we give some examples:
· Although it is a network implementation issue how PUSCH transmissions are scheduled, a likely implementation is that network does not schedule PUSCH in subframes where discovery signals are transmitted. Arranging PUSCH-free subframes is feasible also taking into account PUSCH retransmissions, because ACK reception by a UE means that the UE does not retransmit the data but keeps it in the buffer for adaptive retransmissions until a new transmission is indicated for the same HARQ process. However, skipping multiple retransmissions of the same packet should anyway be avoided i.e. discovery resource allocations affecting continuously the same HARQ process should be avoided. If network implementation utilizes FDM between PUSCH and discovery signals or even schedules PUSCH on discovery resources, the PUSCH reception can be seriously interfered by discovery signals and also in this case it would be important to avoid discovery resource allocations that could lead continuously failing receptions of the same packet.
· UEs may lose scheduling request opportunities if PUCCH reception is seriously interfered due to discovery signals or if Rel. 12 UEs will be even forbidden to transmit on PUCCH in the configured discovery subframes. 

· It has been agreed that discovery signals are not transmitted in PRACH resources. This is beneficial for the contentionless RA procedure but not useful for the contention based procedure if Message 3 (first transmission on PUSCH and needed for contention resolution) is blocked by discovery signals. This would inevitably take place at least if discovery resources would block PUSCH transmissions over periods longer than 10ms as eNB may change Message 3 transmission timing only within a window determined by the Message 2 (preamble response) window + 1 subframe. 
· Could result in too long interruptions for critical DL data and control could result if PUCCH was not available due to discovery signal transmissions or their reception. 
Distributing discovery subframes rather evenly in time could to some extent solve the problems mentioned above. The distributed resource allocation of discovery signals could, in addition, be optimized so that discovery would not affect repeatedly the same UL HARQ processes or that resources would be always available for Message 3 transmission and sufficiently frequently also for scheduling requests that are sent through PUCCH. However, it could be rather complex to take into account multiple constraints and, furthermore, the benefits of concentrated discovery resource allocations for UE power consumption and inter-cell resource co-ordination would be lost. Therefore, dynamic control of discovery resource use would be desirable. 
The dynamic control could mean that the semi-statically (through SIB) allocated discovery resource would be only tentative (or seen as a super-set), and permission for their use should be obtained through PDCCH. Such a system would allow network to allocate semi-static discovery resources freely as their actual use could be adjusted instantaneously according to the needs of WAN or according to the load on discovery signals. The free semi-static allocation could mean long continuous allocations or reserving excessive discovery resources even for rather exceptional discovery load. 
A system for dynamic control is schematically depicted in Figure 1. A new DCI element would be introduced and it would be addressed with a D2D-RNTI common for all UEs. All discovery signal transmitting UEs would be requested to read from PDCCH which of the semi-statically allocated resources are actually available for discovery operation. One DCI element could carry this kind of information for multiple subframes with semi-statically allocated discovery resources. The same DCI could carry also other discovery related information, like control of the rate at which UEs are allowed to utilize the Type 1 discovery signals by indicating the transmission probability or discovery period.
The new DCI would need to be detected only by discovery signal transmitting UEs. For this purpose, their receiver would in some cases be active for an additional DL subframe but this would mean negligible increase in power consumption taking into account that transmission consumes more power than reception and that discovery signal transmitting UE can be assumed to be typically also detecting discovery signals from multiple subframes. In case the UE fails to decode the DCI it would not be allowed to transmit discovery signals. 
The same principle could be applied also for controlling of Mode 2 SA and data resources in D2D communication.  
Because that would allow flexible, efficient and simple way of controlling discovery signal resources, we propose that:
Proposal: PDCCH signalling is introduced for dynamic control of the use of semi-statically allocated discovery resources.
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Figure 1. Dynamic control of semi-statically allocated discovery resources.

3         Conclusion
In this contribution we discussed the need for dynamic network control of resource usage of semi-statically allocated discovery resources in order to prevent negative effects on cellular operation and enable a more free and extensive configuration of semi-statically allocated resource pools. 
Based on the discussions we propose:
Proposal: PDCCH signalling is introduced for dynamic control of the use of semi-statically allocated discovery resources.
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