3GPP TSG RAN WG2 Meeting #85bis
R2-141223
Valencia, Spain, 31th March – 4th April 2014
Agenda Item:
  7.4.2
Souce:
  Intel Corporation
Title:

  Resource allocation signaling for D2D communication 
Document for:  Discussion and decision

1. Introduction
During the RAN2 #85 meeting, radio resource allocation ad scheduling including message/data flow was discussed and the following was agreed. 
	Agreements
1
All UEs (Mode 1 (“scheduled”) and Mode 2 (“autonomous”)) are provided with a resource pool (time and frequency) in which they attempt to receive scheduling assignments. 

FFS how the resource pool is configured/provided to UEs in or out of coverage. (e.g. pre-configured; provided by eNB in SIB; forwarded by UEs in coverage to UEs out of coverage)

2
In Mode 1, a UE requests transmission resources from an eNB. The eNB schedules transmission resources for transmission of scheduling assignment(s) and data. 

2a
In Mode 1, the UE sends a scheduling request (D-SR or RA) to the eNB followed by a BSR based on which the eNB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

2b
In Mode 1, it is FFS how the eNB indicates the transmission resources to the UE. 

2c
In Mode 1, the UE needs to be RRC Connected in order to transmit D2D communication. 

3
For Mode 2, UEs are provided with a resource pool (time and frequency) from which they choose resources for transmitting D2D communication. 
3a
The eNB controls whether UE may apply Mode 1 or Mode 2 transmission. Details FFS. 

FFS: For Mode 2, UEs in the “edge of coverage”, obtain the transmission resource pool by the eNB (e.g. SIB signalling).

FFS: For Mode 2, UEs out of coverage it is FFS how they obtain the transmission resource pool (e.g. pre-configured; from other UEs; …). 




This contribution discusses the FFS aspects related to D2D communication signaling flow and states our views on them. 
2. Discussion
In RAN1 #76 meeting, two resource allocation modes of D2D communication were defined from a transmitting UE perspective, named “Mode 1” and “Mode-2” respectively [1]. In both Mode 1 and Mode 2, all UEs need to be provided with a resource pool (time and frequency) in which they attempt to receive scheduling assignments. One common issue is how the different functional (i.e. transmission and reception) resource pools are configured/provided to UEs. 
2.1 D2D UE coverage states
In the last meeting, it has been discussed that depending on the UE coverage state, different resource selection mode and resource pool configuration would be required. And three different UE coverage states were mentioned: 

· In-coverage: resource pool is configured by the eNB and the UE may use mode 1 or mode 2 based on eNB configuration. 

· Edge-coverage: According to [4], the edge coverage means UE2 has downlink coverage but no uplink coverage. In this case, the UE can receive SIB but the UE cannot send resource request signaling due to the lack of uplink coverage. Therefore, the possible UE operation is the UE uses mode 2 but the UE obtain the transmission resource pool configured by the eNB.

· Out-of-coverage: resource pool is configured by a peer UE (synchronization source, SS) and the UE uses mode 2. 

In order to support the above different resource allocation mode and resource pool configuration depending on UE states, there can be two possible approaches. 

· Approach 1: UE states are explicitly defined. And the resource allocation mode and resource pool configuration are linked and defined to the state where the UE is in. 

· A metric should be defined for transition among in-coverage, edge coverage and out-of coverage. However, it is not so clear yet how to define metric for edge coverage. One proposal considered in RAN1 is based on downlink received signal power. The eNB provides two threshold to transit between in-coverage and edge coverage, or between edge coverage and out-of-coverage. 

· Approach 2: instead of UE states, we define the resource allocation mode criteria and resource pool configuration criteria separately. 

· With the resource allocation mode criteria, the UE determines when the UE uses mode 1 or mode 2. 

· With the resource pool configuration criteria, the UE determines whether the UE uses the resource pool from the eNB or the peer UE (or pre-configuration). This decision may be the same as the case of SS selection (i.e. which SS the UE receives for synchronization). That is, if the UE selects eNB as SS, the UE receives resource pool from eNB. If the UE selects a peer UE as SS, the UE uses resource pool from SS. 

As an initial view, there seems no big difference between the approach 1 and approach 2 in terms of defining metric and UE operation on selecting resource allocation mode and resource pool configuration. Unless there is strong benefit with approach 1, approach 2 is preferred because it is not necessary to define and manage UE states in the specification. 

Proposal 1:
RAN2 to discuss whether it is feasible to define the resource allocation mode criteria and resource pool configuration criteria instead of defining UE states explicitly. 
2.2
Resource pool configuration
The D2D resource pool is composed of the set of subframes in the time domain and the set of physical resource blocks (PRBs) in the frequency domain, which is used for transmission or/and reception of D2D communication. 
In general, there are three resource pools need to be discussed for D2D resource pool configuration, taking the two D2D resource allocation modes into accounts:

1. Pool A: resource pool used for reception purpose. 
2. Pool B: resource pool used for Mode 1.

3. Pool C: resource pool used for Mode 2.
Generally, Pool A should be a union of Pool B and Pool C to ensure that all D2D transmission could be received at the receiver side. Whether or not Pool B is overlapped with Pool C is up to network configuration. Moreover, each resource pool can be further divided into multiple functional regions used for transmission of D2D scheduling assignment (SA) and data packet. The SA for D2D communication includes at least indication of the resource(s) for reception of the associated physical direct data channel. Whether or not the resources for D2D data and control is separate or same within each resource pool is for RAN1 to study. 
To make it simple, following discusses focus on which of abovementioned resource pools need to be configured for D2D UEs in different cases and how it is configured if needed.
· Configuration of Pool A 
Pool A could be configured by eNB via SIB message for UEs as long as the UE receives DL signal from the eNB i.e. in coverage and in edge-of-coverage, which might be a union of eNB-controlled Pool B and Pool C to ensure that these UEs can always receive the D2D transmission from other D2D UEs regardless of transmission mode used at transmitter side. In order to saving power, RRC_IDLE D2D UEs can stay in RRC_IDLE state for D2D communication reception. For the same reason, RRC_IDELE UE and RRC_CONNECTED UE only need to monitor the configured SA channel within Pool A.
For UEs in out-of-coverage, a preconfigured resource pool shall be used for D2D communication reception purpose, considering the fact that it is impossible to get assisted information from eNB for both transmission and reception. 
Proposal 2:
SIB message is used to configure the resource pool A used for D2D SA and data reception of D2D UEs in-coverage and edge-of-coverage.

Proposal 3:
Preconfigured resource pool is used for D2D SA and data reception of D2D UEs in out-of-coverage.
· Configuration of Pool B and Pool C 
For Mode 1 UEs in coverage, there is no need to indicate Pool B allocation as exact resources used by a UE for D2D transmission is granted by eNB or Rel-10 Relay. 
For Mode-2 UEs in coverage or edge-of-coverage, Pool C can be either preconfigured in UE or signaled by eNB via a new SIB message. The latter option can avoid the potential resource collision between Mode 1 and Mode 2 UEs D2D transmission and is therefore slightly preferred.
Observation 1: 
Transmission resource pool for Mode 2 via SIB message could be beneficial to reduce collision between Mode 1 transmission and Mode 2 transmission. 
Proposal 4:
SIB message is used to configure the resource pool used for D2D SA and data transmission of Mode 2 UEs if the UE can receive SIB from the eNB.

For UEs which cannot receive DL signal from the eNB, the UE achieve synchronization by receiving synchronization signaling from the peer UE (synchronization source, SS). The UE can also receive the resource pool configuration from the SS via PD2DSCH. 
There are two methods in which the SS determines the resource pool. 

· Method 1: Pool C is the same as the resource pool signaled by the eNB if SS is in coverage. Pool C is relayed by SS to UEs in out of coverage via PD2DSCH channel. It is mainly to avoid D2D transmission collision between UEs in out of coverage and UEs in coverage. Moreover, it ensure D2D transmission from UEs in out of coverage do not cause any interference to cellular communication in coverage.  
· Method 2: if SS are not in in-coverage, it is impossible for the transmitter to get assistance from eNB. For this case, SS can determine the resource poll based on measurement or other coordination in order to mitigate the in-band emission problem on top of preconfigured resource pool. The detail should be discussed in RAN1. 
Proposal 5: 
SS indicates the D2D transmission resource pool (i.e. Pool C) to out-of-coverage UEs for D2D transmission.
We summarized our views in Table 1 for how D2D capable UE gets resource pool for D2D communication. 

Table 1: D2D communication resource pool indication

	Case
	Communication Mode
	Reception pool
	Transmission Pool

	In-coverage
	Mode 1
	Broadcasted by SIB
	X (Not indicated)

	
	Mode 2
	
	Broadcasted by SIB

	Edge-of-coverage
	Mode 2
	
	

	Out-of-coverage
	Mode 2
	Preconfigured
	PD2DSCH 


2.3 Overall procedure for D2D communication
2.3.1 D2D communication for Mode 1. 
One overall D2D communication procedure was provided including necessary steps applies for UEs configured with Mode-1 D2D transmission, as illustrated in FIG.1. 
1. Before starting D2D communication operation, D2D UEs (e.g. UE_A, UE_B and UE_C in FIG.2) register with D2D server in the application layer for services. During the registration, each authorized D2D UE may obtain a ProSe application ID or Group ID or a ProSe UE ID and security keys. 
2. eNB supporting D2D communication broadcasts the D2D communication resource Pool (e.g. Pool A) via SIB message to override the preconfigured reception pool configuration with the goal of reducing the UEs power consumption, as explained earlier in section 2.2. 
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Figure 1: D2D communication signaling procedure for D2D UEs in Mode 1 (left) and Mode 2 (right)
3. Upon receiving the reception resource pool configuration, D2D UE starts to monitor the SA channel that is configured to transmit in a predefined pattern for subsequent data reception.
4. Upon D2D data arrival, UE_C initiates the process of D2D transmission by application layer. 

5. Transmitting UE (i.e. UE_C) triggers the D2D transmission resource acquisition procedure. UE_C firstly establishes the RRC connection with eNB in Step 5a if UE in RRC_IDLE state, then sends a scheduling request (D-SR or PRACH, Step 5b) to the eNB followed by a BSR based on which the eNB can determine that the UE intends to perform a D2D transmission as well as the required amount resources (Step 5d). Details of D2D BSR was provided in the companion contribution [5] to differentiate the D2D BSR and regular LTE BSR to facilitate eNB resource allocation, considering the fact that UE_C may have both D2D traffic and cellular traffic. Then, based on BSR provided by UE, eNB grants the D2D communication resources, including both SA and Data transmission in Step 5e. 
6. UE_C broadcasts the scheduling assignment to notify the other UEs about the resources that UE_C would use for D2D transmission. The exact design of control region where scheduling assignment is sent could be left to RAN1. 

7. UE_C sends the D2D data on the granted D2D transmission resource.

Proposal 6: 
RAN2 to agree on and capture the proposed signaling flows in FIG. 1 into TR36.300 [6] for supporting Mode 1 D2D communication.
2.3.2 D2D communication for Mode 2
The resource allocation procedure to enable Mode 2 D2D communication is provided in the right part of FIG.1. 
1. D2D UEs are pre-configuration for D2D communication. 
2. The Synchronization Source (SS) that UE associated with might indicate the time resource that should be used for D2D communication transmission to mitigate the in-band emission problem. The performance gain of this operation was evaluated and provided in depth in [4]. 
3. UEs start to monitor the SA channel that is obtained in previous step. 

4. UE_C initiates the process of D2D transmission by application layer

5. UE_C its own selects one channel from the set of transmission resources. 

6. UE_C broadcasts the scheduling assignment to notify the other UEs about the resources that UE_C would use for D2D transmission.

7. UE_C sends the data on selected D2D transmission resource. 

Proposal 7:
RAN2 to agree on and capture the proposed signaling flows in FIG. 1 into TS 36. 300 [6] for supporting Mode 2 D2D communication.
3. Conclusion
In this contribution, we have shared our views on resource allocation aspect of D2D communication. Based on the discussions, we have following detailed observation and proposals: 
Observation 1: 
Transmission resource pool for Mode 2 via SIB message could be beneficial to reduce collision between Mode 1 transmission and Mode 2 transmission.  

Proposal 1:
RAN2 to discuss whether it is feasible to define the resource allocation mode criteria and resource pool configuration criteria instead of defining UE states explicitly. 

Proposal 2:
SIB message is used to configure the resource pool A used for D2D SA and data reception of D2D UEs in-coverage and edge-of-coverage.
Proposal 3:
Preconfigured resource pool is used for D2D SA and data reception of D2D UEs in out-of-coverage. 
Proposal 4:
SIB message is used to configure the resource pool used for D2D SA and data transmission of Mode 2 UEs if the UE can receive SIB from the eNB.
Proposal 5: 
SS indicates the D2D transmission resource pool (i.e. Pool C) to out-of-coverage UEs for D2D transmission.
Proposal 6: 

RAN2 to agree on and capture the proposed signaling flows in FIG. 1 into TR36.300 [6] for supporting Mode 1 D2D communication.

Proposal 7:
RAN2 to agree on and capture the proposed signaling flows in FIG. 1 into TS 36. 300 [6] for supporting Mode 2 D2D communication.
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