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1
Introduction
Stage-1 service requirements for ProSe have been defined by SA1 [1] whereby SA2 began its work on ProSe system architecture in SA2#95 meeting (Prague) in January. ProSe Communication is defined as follows [1]: 
ProSe Communication: a communication between two UEs in proximity that are ProSe-enabled, by means of an E-UTRAN communication path. The communication path could for example be established directly between the UEs or routed via local eNB(s).

In this contribution we discuss about ProSe direct communication (device-to-device, D2D) from RAN1 point of view.
2
Service requirements for ProSe communication

The main Stage-1 service requirements for E-UTRA ProSe communication are as follows [1]:

	The system shall be capable of monitoring communication characteristics (e.g. channel condition, QoS of the path, volume of traffic etc.) on the E-UTRA ProSe Communication path, regardless of whether there is an existing data session on the infrastructure path.

The Radio Access Network shall control the radio resources associated with the E-UTRA ProSe Communications path.

Subject to operator policy and user consent, the system shall be capable of concurrently establishing a new user traffic session with an E-UTRA ProSe Communication path, and maintaining both of the E-UTRA ProSe Communication path and the existing infrastructure path, when the UEs are determined to be in range allowing ProSe Communication. The UEs can be:

-
Served by the same PLMN, including when roaming;

-
Served by different PLMNs, including when roaming.

Note:
ProSe Communication between UEs served by different PLMNs can be subject to the availability of suitable radio resources (e.g. shared RAN in a MOCN/GWCN environment).

The 3GPP system shall be capable of moving a user traffic session from an E-UTRA ProSe Communication path to an infrastructure path. At a minimum, this functionality shall support the case when the E-UTRA ProSe Communication path is no longer feasible.

The operator network shall be able to continuously control the use of E-UTRAN resources for ProSe Discovery and ProSe Communication between UEs, as long as both of these UEs are under E-UTRAN coverage and using operator’s spectrum.

The effect of ProSe on the E-UTRAN services should be minimized.


As mentioned above, E-UTRA ProSe Communications path denotes both the direct communications between UEs and traffic locally routed by the eNB(s). The local routing traffic path is not within the context of RAN1, but should be used as a reference for the direct communication performance studies.
The above service requirements imply that UE (and E-UTRAN thereby) shall be capable of establishing and maintaining a ProSe Communications path while at the same time potentially having one or more traffic sessions via the infrastructure path. One ProSe-enabled UE may have multiple traffic sessions established concurrently via the ProSe direct communication path with multiple other ProSe-enabled UEs. Furthermore, E-UTRAN shall control the radio resources used by the UEs for ProSe direct communication. These requirements together already cause a set of design principles for ProSe direct communication the RAN working groups need to agree on, like whether a UE must be able on the physical layer to transmit/receive simultaneously to/from the eNB and to/from another UE or whether a UE is able to transmit/receive simultaneously to/from multiple other UEs using ProSe direct communication (one-to-one communications). If the UE is not capable of simultaneous transmission/reception, which could be used as a baseline assumption for designing the feature, the system design needs to ensure that this does not happen or certain prioritization rules needs to be defined for UE behaviour.
3
Design aspects for ProSe direct communication
When the ProSe-enabled UEs, both Public Safety and non-Public Safety ProSe-enabled UEs, are within network coverage and served by the E-UTRAN, the E-UTRAN can be involved in controlling, maintaining and assisting the UEs’ direct communication. This could include performing D2D radio link control and related connection mobility control from radio point of view, resource allocation and scheduling, power control, interference management etc. Furthermore, the network synchronization would be available to the UEs served by E-UTRAN which could relax design aspects related to D2D link synchronization compared to the no network coverage case for Public Safety. It is desirable that the study initially focus on the common frequency carrier case where D2D discovery and communications is taking place in the same frequency as legacy E-UTRAN operation, still allowing the identified technical solutions to be extended to the public safety specific case with UEs outside EUTRAN coverage. This is to curb possible impacts on existing E-UTRAN system, as requested by the Stage-1 service requirements, by building this functionality into the system from the very beginning; designing initially the common features for public and non-public safety ProSe direct communication upon which the public safety specific features (like distributed channel access and synchronization methods, relay operation, etc.) can be extended and are only applicable for Public Safety ProSe.
While the ProSe UE discovery message transmissions are broadcast in nature and delivered in ‘one-shot from higher layer point of view’ to receiving ProSe-enabled UEs, ProSe direct communication should support maintaining a continuous associated D2D link. Thus, the UEs and E-UTRAN should be able to monitor the quality of the direct communication link to allow adapting the transmission parameters to the current conditions; allocating resources efficiently; and changing the routing between infrastructure/local routing and direct communications when the UEs are served by E-UTRAN. Furthermore, when the D2D transmissions are multiplexed with E-UTRAN DL/UL transmissions or other D2D transmissions, synchronization of the transmissions at the UE receiver will impact the design. Thus, it should be studied which additional signals are needed for the D2D transmission when the ProSe UEs are served by E-UTRAN to handle the previously mentioned functionalities (like channel state tracking) or whether the existing signals (like CSI-RS, DM-RS etc.) are sufficient.
In the case the Public Safety UEs are out of network coverage lacking common synchronization and synchronization must be obtained from the transmission itself, an additional synchronization signal/sequence may be needed to alleviate the searching for the transmission in time domain (and possibly also in frequency domain). Since the same applies also for ProSe UE discovery, it would be desirable to target a common solution for channel access and signal detection for both ProSe direct communication and discovery.
Proposal #1: The study of ProSe direct communication should initially focus on the common frequency carrier case when the ProSe-enabled UEs are within network coverage and thereby served by E-UTRAN.

Proposal #2: RAN1 should thereafter study and clarify the additional L1 requirements that are needed for the ProSe direct communication when the Public Safety ProSe-enabled UEs are not served by E-UTRAN.
4
Resource allocation
To minimize the impact to the legacy system and be compatible with the existing procedures and design, the resource allocation granularity in frequency is proposed to be one PRB for ProSe direct communication. For When UEs in network coverage and, E-UTRAN shall control and allocate the D2D radio resources for the UEs. In the common frequency carrier case, several options for multiplexing the ProSe direct communication resources among E-UTRAN DL/UL resources can be identified. For instance, MBSFN subframes could be used in the DL while in the UL a percentage of the PRBs (per D2D pair) would be allocated in certain subframes for the ProSe direct communication. Furthermore, possibilities for space domain multiplexing within a cell between D2D pairs as well as between D2D pair and UL/DL E-UTRAN transmission should be studied.
Two options for informing the UE/D2D pair about the ProSe direct communication resource allocation can be envisioned, with dedicated signalling or broadcast signaling. Several options are possible:

1. Dynamically (per TTI) resource allocation per UE

- Requires separate scheduling of Tx device to transmit and Rx device to receive

2. Dynamically (per TTI) resource allocation jointly to a D2D pair/group (e.g., by means of D2D pair/group specific RNTI)

- Single scheduling message received by both the Tx and Rx devices (the Tx and Rx device may be preconfigured, e.g., by higher layer signaling)
3. Semi-persistent scheduling (SPS) configuration per UE 

- Separate configurations for Tx and Rx devices
4. Semi-persistent scheduling (SPS) configuration per D2D pair/group (“Master UE” adapts the Tx/Rx configuration)


- The actual SPS configuration needs to be provided dedicatedly for each UE


- Requires buffer related signaling between UE devices

5. Resource pool provided for D2D devices (i.e., multiple D2D pairs)


- For example by means of broadcast signaling in System Information


- Basically requires contention based access scheme
While options 1-2 above might lead to quite extensive signaling burden between eNB and ProSe-enabled UEs, option 5 could lead to low resource utilization (which is not desirable in the common frequency case). Configuring SPS or SPS-like resources for ProSe direct communication could be a compromise between signaling burden and resource utilization as the eNB can adapt the activation status of the resources by means of buffer status reports. Furthermore, the network would remain the main control point for an operator’s radio resources. Each resource allocation scheme and its advantages, disadvantages, and applicability to certain use case should be studied by RAN1.
Another aspect of resource allocation RAN1 should consider from the very beginning is how to conduct L1 feedback (HARQ feedback) signaling between UEs with direct communications. The applicability of the existing channels, like PUCCH, should be studied here. One possibility is to enable feedback signaling within the configured D2D data resources. However, in scenarios where the D2D traffic is not symmetric from one device to another, this would be a burden to radio resources as the eNB would need to allocate sufficient amount of data resources for other direction just for the feedback purposes. Another possibility could be to use the existing PUCCH resources and enable good synergies with the legacy system. However, while PUCCH transmissions are synchronized at the eNB receiver, they are not necessarily synchronized the UE receiver. Hence, it should be studied whether something new might be needed to alleviate the signaling/resource burden and UE processing needs.
For Public Safety -enabled UEs out of network coverage, it is assumed that ProSe related transmissions take place on pre-configured frequency resources. A new channel access scheme needs to be developed for that purpose.
Proposal #3: RAN1 should study and evaluate the resource allocation options for ProSe direct communications.

Proposal #4: L1 HARQ feedback and associated resource allocation should be considered at the beginning of the direct communication study with the applicability of the existing methods.
5
E-UTRAN vs. UE control at L1
As required by the Stage-1 service requirements, E-UTRAN shall remain the control point when it comes to radio resources used for direct communications when the UEs are under network coverage. This requirement implies that the network should control, allocate, and provide the radio resources used for direct communication for the given UE. In the regular UE-eNB link operation, the UE can assess the DL channel quality from the reference signals (like CRS) transmitted by the eNB in the DL whereas the eNB can assess the UL channel quality from the UL reference signals (like DM-RS or SRS). The UE reports the DL channel quality information periodically to eNB and hence the eNB is responsible of the both DL and UL link adaptation. When the ProSe direct communication is conducted, the actual physical link is between the two UEs which essentially mean that each UE needs to assess the quality of the D2D communication link. Furthermore, if the eNB is to do the link adaptation for the D2D link, the UEs would need to report the channel quality of the D2D link to the eNB in addition to channel quality of the UE-eNB link. This would represent a significant increase in the UE feedback and hence, it should be further studied by RAN1 whether it would be feasible to reduce this signalling by allowing at least partly the link adaptation for the D2D link to be performed by the UEs.
In the current LTE system, the eNB indicates in the UL scheduling grant the transmission parameters like resource allocation, MCS, HARQ information, power control command etc. after assessing the UL channel quality, e.g. using SRS, and the UE uses these parameters for its UL transmission in subframe n+4. In the DL, the eNB sends a DL scheduling assignment in the (e)PDCCH in the same subframe where the corresponding PDSCH is located and the UE first decodes the (e)PDCCH to obtain the parameters which allows it to decode the PDSCH. For direct communication, the both legacy scheduling schemes (UL and DL) can be used for the resource allocation. For instance, the eNB would be allocating the resources used for D2D communication semi-statically as discussed in section 4., while the transmitting UE could transmit the additional control information needed for link adaptation (like used MCS) within the assigned resources to; an ePDCCH like concept could be designed to provide this signalling from the transmitting to the receiving UE.
Proposal #5: Distributing the L1 control information between the eNB-to-UE and UE-to-UE links should be studied by RAN1.
6
Conclusions

In this contribution we discussed about ProSe UE Discovery design. 
Proposal #1: The study of ProSe direct communication should initially focus on the common frequency carrier case when the ProSe-enabled UEs are within network coverage and thereby served by E-UTRAN.

Proposal #2: RAN1 should thereafter study and clarify the additional L1 requirements that are needed for the ProSe direct communication when the Public Safety ProSe-enabled UEs are not served by E-UTRAN.

Proposal #3: RAN1 should study and evaluate the resource allocation options for ProSe direct communications.

Proposal #4: L1 HARQ feedback and associated resource allocation should be considered at the beginning of the direct communication study with the applicability of the existing methods.
Proposal #5: Distributing the L1 control information between the eNB-to-UE and UE-to-UE links should be studied by RAN1.
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