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1. Introduction

In RAN2#83 meeting, RAN 2 agreed on the following working agreement:
· Focus on a D2D Discovery mechanism for in-coverage.
· Assume UEs transmitting and receiving discovery signals are synchronized
RAN 2 also listed a few areas in which further study is required:

· We need to decide whether there is a PULL model or only a PUSH model.
· We will discuss further the benefits and drawbacks of Type 1 and Type 2 allocation from RAN2 point of view.
· We should clarify the data flow, i.e., which protocol layer provides the discovery bit string to be submitted? To which protocol layer should a received discovery beacon be delivered? How is the interaction with the lower layer (L1)?
· We should discuss whether IDLE mode can/should be supported. Depends on resource allocation and may depend on other aspects such as legal intercept. We should discuss the resource efficiency of both schemes
In this contribution, the above points are discussed based on the study in SA2 and RAN 1. Also, the inter-cell discovery is also briefly discussed.

2. Discussion
2.1 Push vs Pull Model

In SA2 [1] and also mentioned in [2-3], there are 2 kinds of discovery procedure namely, pull and push model. A pull model procedure involves a probing UE sending a request message repetitively to find out if any members of a specific potential application group or any listening UEs are around and one or more listening UE sending a message to the probing UEs in response to the request. A push model procedure involves a UE sending an announcing message repetitively to allow other listening UEs to know its presence. In both procedures, there is a UE which repetitively sends the same message to potential listening UEs. In the case of Pull model procedure, an additional step is further needed for the listening UEs to respond to probing UE. 
The resource allocation methology provided by RAN is just facilitating the sending of the probing/announcing/response message in either a contention based manner or a scheduled based manner as specified in RAN 1 with Type 1 or Type 2 resource allocation. What is in the message content is transparent to the RAN and the access stratum. Furthermore, our understanding is that SA2 is further analysing the need of both the Pull and Push model currently. Since SA2 is the working group that introduced the 2 models, we believe that they should decide whether either one or both should be supported based on the application needs and the potential use cases.

Proposal#1: The need of Pull and Push model is being discussed in SA2 and RAN 2 should wait for SA2 to conclude on this. 
2.2 Resource Allocation and Scheduling

In RAN 1#73bis meeting, it has been agreed that there are 2 types of resource allocation schemes for D2D discovery as follow:

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals 
· Type 2B: Resources are semi-persistently allocated for discovery signal transmission. 
Also in RAN 1#74 meeting, further agreement of Type 1 resource allocation is:
· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

In general, Type 1 resource allocation scheme allows the UE to autonomous allocate resources itself from a pool of semi-statically configured resource blocks. As it is uncoordinated, the resources allocated are in contention as another UE may allocate itself the same resources. Such contention based resources can be used for transmitting any types of discovery message. Like in the selection of RACH preamble, the probing/announcing/responding UE picks from a pool of resources in such a way as to reduce collision with another UE. Some form of collision handling protocol is probably needed in UE MAC. The listening UE monitors the periodic allocated pool of resources for any transmission
As for Type 2, the probing/announcing/responding UE needs to request for resources from the eNB/Cluster Head in order to transmit discovery signal. The eNB/Cluster head schedules the resources via some L1/2 control channel and the probing/announcing/responding UE uses the scheduled resources for transmitting the discovery signal.  The listening UEs need to be informed of where to listen for any probing/announcing/responding UE via some L1/2 control channel. Some form of L2 addressing is needed to schedule the transmitting/receiving resources just like the RNTI. This follows the same model as the current resource scheduling scheme.

Type 1 procedure can apply to idle mode and connected mode UEs. Resource collision can be reduced by simple adding more resources to the pool of resources and via collision handling protocol. Type 2 procedure can be applied further to connected UEs as a form of collision reduction method and prioritisation mechanism to allow for better discovery reliability. Type 2 is more an optimisation on top of Type 1. 
A quick analysis of the 2 schemes is shown below:

	
	Type 1 
	Type 2 

	Benefits 
	· Simple since resource allocated by RRC and no resource scheduling required
· No scheduling overhead
· Applicable to IDLE/Connected mode UE
· Can be applied to Out-of-coverage without the need of cluster head selection 
	· Tight network/operator control (e.g.more dynamic control of resources/UE transmit power, better collision control etc.)
· Potentially less collision  

	Drawbacks 
	· Higher collision probability than Type 2
· Looser network/operator control (e.g. semi-static control of resources/power etc.)
	· Potentially higher resource scheduling overhead,
· Not applicable to IDLE UE
· More impact to eNB in resource allocation and scheduling
· Can only be applied to Out-of-coverage with cluster head 


It can be seen that Type 1 resource allocation provides a sufficient scheme for transmission/reception of discovery signal and can be extended to discovery in out-of-coverage scenario without the need of selection of cluster head. On the other hand, Type 2 resource allocation can be seen as an optimisation scheme which can be used on top of the Type 1 scheme to provide more dynamic control of resources/UE transmit power and reduce collision.
Proposal#2: Type 1 resource allocation scheme should be the main focus for Release 12. Type 2 resource allocation scheme could be seen as an optimisation (e.g. to reduce collision probability) and can be introduced in later release.
If Type 1 resource allocation scheme is agreed as the main focus in this release, Type 1 scheme allows for an idle mode UE authorised to announce/probe/respond and listen D2D discovery signal to transmit/receive discovery signal without the need to enter RRC Connected while the UEs are in network coverage. In the out-of-coverage scenario, UE is technically always in ‘Any Cell selection’ state in RRC Idle. Allowing the UE to perform D2D discovery in RRC idle in network coverage case aligned quite well with the out-of-coverage case. Furthermore, the general benefits of RRC Idle (e.g. reduce S1 connection, less HO signalling, less idle to connected transition, lower eNB processing etc.) can also be benefited for D2D discovery. 
Proposal#3: Idle mode UE should be allowed to perform D2D discovery function without the need to enter RRC Connected.
2.3 Inter-cell intra-frequency discovery

In RAN1#74, the following agreements are made:

· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

When UEs perform inter-cell device discovery, resource allocation across neighbour cells should be considered. Basically, two options are given as follow: 

Option 1: overlapped resources across neighbour cells. 

In this option, common discovery resources are configured (e.g. via OAM) for all the cells. To ensure overlapped resources, only sychronised cell deployment is possible. The pros and cons are given below: 

Pros:

· Better UE power consumption; Listening UE needs only to monitor during those time where the common resources are configured for discovering UEs in its serving cell and in its neighbour cell. 
· Limiting the D2D discovery interference to UL WAN to just the common discovery resources.  

Cons: 

· Discovery collision will be higher, particularly for the cell edge UEs as the UE in different cell may select the same resources.
· For Type 2 resource allocation, discovery collision may occur between 2 UEs in different cell if there is no coordination in resource allocation. 

· Only works for synchronised cell deployment

Option 2: non-overlapped resources across neighbour cells 

In this case, non-overlapped discovery resources are planned for adjacent cells (e.g. via OAM). In the synchronised cell deployment, it can ensure that no resources are overlapped in terms of frequency and time. In the asynchronous cell deployment, it is probably difficult to ensure resources not overlapped in time. However, if different set of subcarriers is used for each adjacent cell, non-overlapped discovery resources between D2D can be ensured. This approach has the following pros and cons. 

Pros: 

· No change in collision probability for cell edge UE for Type 1 resource allocation. For Type 2 resource allocation, no coordination is required for the resource allocation between adjacent inter-eNB cell
· Works for synchronised and asynchronised cell deployment
Cons:
· Higher UE power consumption in synchronous cell deployment with non-overlapping resources in time as listening UEs have to monitor different resources for each neighbour cell in time from those for intra-cell discovery.  

· Inter-cell interference between D2D discovery link and potential cellular link is increased. 

Considering the above comparison, the main observation of Option 1 is:

· Better UE power saving and lower D2D discovery interference to cellular link at the expense of higher collision for the cell edge D2D UEs and works only for synchronised cell deployment 
Whereas the main observation of option 2 is: 
· Works for synchronised and asynchronised cell deployment at the expense of possible higher inter-cell interference between D2D discovery link and cellular link.
If both synchronous and asynchronous cell deployments need to be supported, Option 2 is the only possible option. 

Based on this, it is proposed that:
Proposal#4:  Non-overlapped resources across neighbour cells may need to be supported for asynchronous cell deployment. If cell deployment is synchronised, it can benefit from better UE power saving and lower D2D discovery interference if overlapped resources are configured across the cells.  
3. Conclusion

It is requested that RAN 2 discuss and agree on the following proposals:
Proposal#1: The need of Pull and Push model is being discussed in SA2 and RAN 2 should wait for SA2 to conclude on this.
Proposal#2: Type 1 resource allocation scheme should be the main focus for Release 12. Type 2 resource allocation scheme could be seen as an optimisation (e.g. to reduce collision probability) and can be introduced in later release.
Proposal#3: Idle mode UE should be allowed to perform D2D discovery function without the need to enter RRC Connected.
Proposal#4: Non-overlapped resources across neighbour cells may need to be supported for asynchronous cell deployment. If cell deployment is synchronised, it can benefit from better UE power saving and lower D2D discovery interference if overlapped resources are configured across the cells.  
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