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1
Introduction
In RAN2 #85 Bis RAN2 made some progress related to signalling aspects of ProSe Direct Discovery. In this contribution stage 3 details of signalling for ProSe Direct Discovery are discussed.  

2
Discussion
RAN2 made following agreements in RAN2 #85 [1]:

	For UEs in RRC_IDLE:
-
The eNB may select one of the following options: 

-
The eNB may provide a Type 1 resource pool for discovery information announcement in SIB. UEs that are authorized for Prose Direct Discovery use these resources for announcing discovery information in RRC_IDLE. 

-
The eNB may indicate in SIB that it supports D2D but does not provide resources for discovery information announcement. UEs need to enter RRC Connected in order to request D2D resources for discovery information announcement.
For UEs in RRC_CONNECTED:
-
A UE authorized to perform ProSe Direct Discovery announcement indicates to the eNB that it wants to perform D2D discovery announcement

Editor’s Note: It is FFS what can be further information.

-
The eNB validates whether the UE is authorized for ProSe Direct Discovery announcement using the UE context received from MME.

Editor’s Note: Pending RAN3 decision. RAN3 is discussing the interaction between eNB and MME for ProSe authorised UE context.

-
The eNB may configure the UE to use a Type 1 resource pool or dedicated Type 2 resources for discovery information announcement via dedicated RRC signalling (or no resource).
Editor’s Note: As baseline radio resource are allocated by RRC signalling. In case of Type 2, use of activation/ deactivation of radio resources using PDCCH is FFS.
-
The resources allocated by the eNB are valid until a) the eNB de-configures the resource(s) by RRC signaling or b) the UE enters IDLE.  (FFS whether resources may remain valid even in IDLE).
Receiving UEs in RRC_IDLE and RRC_CONNECTED monitor both Type 1 and Type 2 discovery resource pools as authorised. The eNB provides the resource pool configuration used for discovery information monitoring in SIB. The SIB may contain discovery resources used for announcing in neighbour cells as well.

Editor’s Note: Details of inter-cell discovery are FFS



With these agreements SIB and RRC dedicated signalling are clear. Section 2.1 and 2.2 provides details of SIB and dedicated signalling details for ProSe Direct Discovery. 
2.1 Discovery Resource pool and SIB structure

 Discovery resource pool for transmission and reception can be defined based on:

1. Periodicity of of the resource pool
2. Starting point
3. Subframes reserved for discovery in every period. 
Starting point can be offset from a fixed point (say SFN =0). Subframes reserved for discovery in every period can be represented in terms of bit map to take care of the scenario where some subframes are allocated for discovery and some subframes are allocated for Legacy LTE operation. To avoid number of bits required for bitmap becoming large, we can take advantage of the fact that this bitmap pattern can be repeating after some time. So we can combine these two  informations 1) smaller number of bits in bitmap and 2) total number of subrames for discovery in every discovery period. 
As an example if there are total discovery subframes are 64 every discovery period and pattern is such that there is one WAN subframe every 4 discovery subframes so that the bit map ‘11110’ as indicated in SIB, and then it repeates; but UE will repeat it for 64/4 = 16 times to have all the 64 subframes.  Figure 1 show the concept of periodic discovery resources.
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Figure 1: Periodic discovery resource allocation
Proposal 1: ProSe Direct Discovery resource pool is represented by Offset from SFN = 0, Periodicity, subframes reserved for discovery (represented in the form of bitmap) and total number of subframes for discovery every period.
As agreed in RAN2 #85 Bis:

	The SIB may contain discovery resources used for announcing in neighbour cells as well.


 Resource pool information of the neighbour cell can also be represented in same manner as proposed in Proposal 2 and 3. However the offset should be with respect to the SFN = 0 of the serving cell. eNBs can learn about the neighbour cell resource pool information with the help of O&M and finds out what is the offset from it’s SFN =0.
Proposal 2: Neighbor cell resource pool are also represented in same manner as it is represented for serving cell, i.e. Offset from SFN =0, Periodicity, subframes reserved for discovery (represented in the form of bitmap) and total number of subframes for discovery every period.

Proposal 3: Indicated offset for neighbour cell resource pool is with resepect to SFN =0 of serving cell.

It is possible the resource pool used in different cells are exactly overlapping in some deployment. Where as in some other deployement they might not be overlapping. In case of asynchronous deployment, since OFDM symbol level alignment is not available, overlapping discovery radio resources might not be used for inter-cell discovery. It is better to keep the SIB structure generic to handle all deployments. In case of synch NW indicated offset can be considered as exact offset whereas in case of asysnch deployment the indicated offset can be considered as rough estimate. The rough time gap can be in terms of sub-frame or radio frames. A UE then knows when to wake up to receive discovery signals from UEs associated with neighbor cells.
Proposal 4: In case of synch NW indicated offset can be considered as exact offset whereas in case of asysnch deployment the indicated offset can be considered as rough estimate. The rough time gap can be in terms of sub-frame or radio frames. A UE then knows when to wake up to receive discovery signals from UEs associated with neighbor cells.
It is possible that discovery resource pool for public safety can be provided as separate resource pool from commercial usage resource pool. Only public safety users can use (announce/monitor) discovery resource pool reserved for public safety. This can be achieved by incorporating a flag in the resource pool to indicate that this resource pool is for public safety. Absense of the public safety indicator is interpreted as commercial use discovery pool. 

Proposal 5: Public Safety indicator flag is used to indicate, discovery resource pool is reserved for public safety. Discovery resource pool. Absence of Public safety indicator flag is interpreted as commercial use discovery resource pool.
Table 1: Discovery resource pool and SIB structure
	 
	Subfields and Description

	ProSe Direct Discovery Supported
	 Note: While deciding this field in RAN2#85Bis intention of this field was to control if discovery announcement can happen in Idle or only in connected; so probably it is better to use it in that manner.

	Transmission resource pool
 (Type 1only)
	Periodicity

 Indicates the periodicity of the transmission resource pool in units of SFN

	
	Offset
It is offset of the start of the transmission resource pool from SFN=0

	
	Bitmap of discovery subframes
Pattern to indicate reserved discovery subframes. ‘1’ represents discovery subframe; ‘0’ represents non-discovery subframe for legacy E-UTRA operation

	
	number of subframes for discovery
It is total number of discovery subframes in a every discovery period. UE repeates bitmaps of discovery subframes multiple times to get total number of subframes for discovery in every period

	
	Public Safety Indicator
It is a flag to indicate that the transmission pool is reserved for public safety. Absence of this flag is interpreted as normal operation.

	Reception resource pool

(N instances, covering serving and neighbour celss)
	Periodicity

 Indicates the periodicity of the reception resource pool in units of SFN

	
	Offset
It is offset of the start of the reception resource pool from SFN=0

	
	Bitmap of discovery subframes
Pattern to indicate reserved discovery subframes. ‘1’ represents discovery subframe; ‘0’ represents non-discovery subframe for legacy E-UTRA operation

	
	number of subframes for discovery
It is total number of discovery subframes in a every discovery period. UE repeates bitmaps of discovery subframes multiple times to get total number of subframes for discovery in every period

	
	Public Safety Indicator
It is a flag to indicate that the reception  pool is reserved for public safety. Absence of this flag is interpreted as normal operation.


2.2 Dedicated Signaling Details for Discovery

In RAN2#85Bis it is agreed that whenever UE transitions to RRC_CONNECTED, it should indicate to the eNB that it want to perorm discovery announcement. In case Type 1discovery resources are present in SIB and UE is in IDLE state it can use Type 1 resources. However when UE transitions to RRC_CONNECTED it should stop using Type 1 resources as indicated in SIB; and send ProSeDirectDiscoveryIndication (RRC message) to eNB.

2.2.1 ProSeDirectDiscoveryIndication (UE to eNB)

Proposal 6: Once UE transitions to RRC_CONNECTED, it stops using Type 1 transmission resource pool as indicated in SIB; and it sends Discovery indication message to eNB, if UE is still interested in discovery announcement.

It is agreed that as baseline in case of Type 2 resource request RRC message is used. However details of it is FFS. A UE can have one or multiple distinct discovery information (i.e. different code for different applications) for transmission. So it would be helpful to indicate to eNB how many different discovery information (i.e. different code for different applications) UE is willing to transmit, in other words how many resources are required by the UE every discovery period.
Proposal 7: UE indicates how many distint discovery information it wants to transmit (i.e. how many resources are required by the UE every discovery period ) in the ProSeDirectDiscoveryIndication (RRC message) to eNB.

Over the period of time number of distinct discovery information to be transmitted by UE will keep on changing. So UE informs to eNB whenever there is any change in number of distinct discovery information to be transmitted in the ProSeDirectDiscoveryIndication meessage. This also includes the case when UE no longer has any valid discovery information for transmission. So that eNB can release the previously allocated dedicated resources to the UE. Since change in number of discovery information to be transmitted happen at slow time scale so there is no issue in using the same message.
Proposal 8: UE informs to eNB whenever there is any change in number of distinct discovery information to be transmitted in the ProSeDirectDiscoveryIndication message. This also includes the case when UE no longer has any valid discovery information for transmission.
It is possible that a UE is interested in only discovery information announcement, only discovery information monitoring or interested in both announcement and monitoring. Even if a UE is just interested in monitoring then also it is benefiacial to inform to the eNB using ProSeDirectDiscoveryIndication , as this will help UE to monitor discovery in serving as well as in neighbour cells. So that eNB scheduler can take care of not scheduling legacy LTE DL to this UE during discovery resouces. Two bit coding can be included to in the RRC message to indicate if UE is perfoming only announcement, only monitoring or both. In case of announcement ProSeDirectDiscoveryIndication message is treated as discovery resource request and not scheduling legacy LTE DL to the UE; whereas in case of monitoring it can be considered only for not scheduling the legacy LTE DL to the UE.
Proposal 9: UE indicates to the eNB in the ProSeDirectDiscoveryIndication message that this message is for resource request or just to indicate UE is participating in monitoring. So that UE can perform discovery monitoring instead of reception of Uu DL.eNB can take care of not scheduling Uu DL to the UE using this indication.

Table 2: ProSe Direct Discovery Indication (RRC message from UE to eNB):
	 
	 

	Number of Discovery information for transmission
	 It is total number of distinct ProSe Direct Discovery information UE is interested in transmission. If it is 0, then it indicates that UE is no longer going to announce any discovery information and allocated resources can be relased.

	Indication Type
	00 - Announcement
01 - Monitor
10 - Announcement and monitor
11 - Stop


2.2.2 Response from eNB for ProSeDirectDiscoveryIndication (eNB to UE)

Proposal 10 : In response to ProSe Direct Discovery Indication eNB responds with RRCConnectionReconfiguration message. 
RRCConnectionReconfiguration message can contain either Type 1 resource pool information or Type 2 resource pool information along with specific resource allocated to this UE within the Type 2 resource pool. eNB can also release previously allocated resources using RRCConnectionReconfiguration message. Resource assignment and relase becomes applicable as soon as UE receives the response from eNB, so UE strat following it from the next discovery period which falls immediately after the reception of the RRC message. 
Table 3: ProSe Direct Discovery related IE in RRCConnectionReconfiguration structure
	 
	Subfields and Description

	Transmission resource pool 
	Periodicity

 Indicates the periodicity of the transmission resource pool in units of SFN

	
	Offset
It is offset of the start of the transmission resource pool from SFN=0

	
	Bitmap of discovery subframes
Pattern to indicate reserved discovery subframes. ‘1’ represents discovery subframe; ‘0’ represents non-discovery subframe for legacy E-UTRA operation

	
	number of subframes for discovery
It is total number of discovery subframes in a every discovery period. UE repeates bitmaps of discovery subframes multiple times to get total number of subframes for discovery in every period

	Number of allocated resources
	It is total number of UE specific ProSe Direct Discovery transmission resources within the indicated transmission resource pool. If number of allocated resources are 0, treat the indicated transmission resource pool as Type 1 resource pool. Else Treat the pool as Type 2 resource pool.

	Resource Index (into the resource pool)

(same number of instances as indicated by Number of allocated resources)
	It is index of the ProSe Direct Discovery resource index within the indicated transmission resource pool. Each index represent a resource of equal size transmission resource. It is present only if Number of allocated resource is not 0


Proposal 11: RRCConnectionReconfiguration message can contain either Type 1 resource pool information or Type 2 resource pool information along with specific resource(s) allocated to this UE within the Type 2 resource pool. 
Proposal 12: eNB it can release previously allocated resources using RRCConnectionReconfiguration message.

Proposal 13: Resource assignment and relase becomes applicable as soon as UE receives the response from eNB, so UE strat following it from the next discovery period which falls immediately after the reception of the RRC message. 

Proposal 14: Table 1,2,3 should be used as basis for defining SIB and dedicated RRC signalling for ProSe Direct Discovery.

2.3 Intercell Handover

During Handover source cell transfers those information that the UE provided to the source eNB in ProSeDirect DiscoveryIndication as proposed above as part of UE context transfer using backhaul signaling. Target cell can update the allocation information by sending RRCConnectionReconfiguration message with containing discovery related IE.
Proposal 15: During Handover source cell transfers those information that the UE provided to the source eNB in ProSeDirect DiscoveryIndication as proposed above as part of UE context transfer using backhaul signaling. 
Proposal 16: Target cell can update the allocation information by sending RRCConnectionReconfiguration message with containing discovery related IE.

2.4 Miscellaneous 
In case a deployment supports both Type 1 and Type 2 resource allocation and a UE has multiple discovery information to be transmitted then is it possible to have Type 1 resoruces and Type 2 resources used by one UE for different discovery information? There is no distinction perfomed at the time of discovery information allocation by ProSe Function. It is better to follow same design principle at RAN level as well, and hence all the discovery informations are also treated in same manner at RAN level.

Proposal 17: All discovery information are treated in a similar manner at RAN level, so same type (i.e. either Type 1 or Type 2) resources are used for all ProSe Direct Discovery information allocated to a UE.
4
Conclusion 

In this contribution signalling details for ProSe direct Discovery is discussed. We propose:

Proposal 1: ProSe Direct Discovery resource pool is represented by Offset from SFN =0, Periodicity, subframes reserved for discovery (represented in the form of bitmap) and total number of subframes for discovery every period.

Proposal 2: Neighbor cell resource pool are also represented in same manner as it is represented for serving cell, i.e. Offset from SFN =0, Periodicity, subframes reserved for discovery (represented in the form of bitmap) and total number of subframes for discovery every period.

Proposal 3: Indicated offset for neighbour cell resource pool is with resepect to SFN =0 of serving cell.

Proposal 4: In case of synch NW indicated offset can be considered as exact offset whereas in case of asysnch deployment the indicated offset can be considered as rough estimate. The rough time gap can be in terms of sub-frame or radio frames. A UE then knows when to wake up to receive discovery signals from UEs associated with neighbor cells.
Proposal 5: Public Safety indicator flag is used to indicate, discovery resource pool is reserved for public safety. Discovery resource pool. Absence of Public safety indicator flag is interpreted as commercial use discovery resource pool.
Proposal 6: Once UE transitions to RRC_CONNECTED, it stops using Type 1 transmission resource pool as indicated in SIB; and it sends Discovery indication message to eNB, if UE is still interested in discovery announcement.

Proposal 7: UE indicates how many distint discovery information it wants to transmit (i.e. how many resources are required by the UE every discovery period ) in the ProSeDirectDiscoveryIndication (RRC message) to eNB.

Proposal 8: UE informs to eNB whenever there is any change in number of distinct discovery information to be transmitted in the ProSeDirectDiscoveryIndication message. This also includes the case when UE no longer has any valid discovery information for transmission.
Proposal 9: UE indicates to the eNB in the ProSeDirectDiscoveryIndication message that this message is for resource request or just to indicate UE is participating in monitoring. So that UE can perform discovery monitoring instead of reception of Uu DL. eNB can take care of not scheduling Uu DL to the UE using this indication.

Proposal 10 : In response to ProSe Direct Discovery Indication eNB responds with RRCConnectionReconfiguration message. 

Proposal 11: RRCConnectionReconfiguration message can contain either Type 1 resource pool information or Type 2 resource pool information along with specific resource(s) allocated to this UE within the Type 2 resource pool. 

Proposal 12: eNB it can release previously allocated resources using RRCConnectionReconfiguration message.

Proposal 13: Resource assignment and relase becomes applicable as soon as UE receives the response from eNB, so UE strat following it from the next discovery period which falls immediately after the reception of the RRC message. 

Proposal 14: Table 1,2,3 should be used as basis for defining SIB and dedicated RRC signalling for ProSe Direct Discovery.

Proposal 15: During Handover source cell transfers those information that the UE provided to the source eNB in ProSeDirect DiscoveryIndication as proposed above as part of UE context transfer using backhaul signaling. 

Proposal 16: Target cell can update the allocation information by sending RRCConnectionReconfiguration message with containing discovery related IE.
Proposal 17: All discovery information are treated in a similar manner at RAN level, so same type (i.e. either Type 1 or Type 2) resources are used for all ProSe Direct Discovery information allocated to a UE.
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