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Summary
In R’12, Multicast from the ProSe UE-Network Relays to the end/remote UEs was discussed and a potential solution based on IP Multicast in the Layer 3 relay was documented in section 6.3.11.2.3 of TR 23.703.
Time pressures on Release 12 then resulted in the postponement of the Relay Multicast work and then the whole Relay topic to Release 13.

Currently work on Multicast from Relays in R’13 TR 23.713 has focussed on the combination of multicast on the network to relay link and on the link from relay to Remote UEs. However, this combination places requirements on the network that may not be achievable in real life (e.g. the network may be from a VPLMN or using a RAT that does not support eMBMS).

As a consequence, it is still worthwhile examining alternatives that solve the congestion caused by multiple remote UEs (that wish to receive the same content) which do not place dependencies on the VPLMN.

One such alternative is what was described in S2-140382 (attached) and included in section 6.3.11.2.3 of TR 23.703.

Proposal

It is proposed that the following revision marked changes are made to TR 23.713 v0.3.0.
Non-editorial changes (e.g. other than changing GCSE-AS to GCS AS; End UE to Remote UE; etc) from section 6.3.11.2.3 of 23.703 are shown in yellow.

************* start of changes *******
7.2
Solution for ProSe UE-Network Relays

Editor’s note:
This clause is intended to document the agreed architecture solution for ProSe UE-Network Relays.
7.2.1
Functional Description
7.2.1.1 
General

The UE-to-Network Relay function will be specified based upon an evolution of the ProSe functionality already documented in TS 23.303 [3].

7.2.1.2
Unicast relaying

The ProSe UE-to-Network Relay function includes support for the relay of unicast traffic (UL and DL) between Remote UEs that are not served by E-UTRAN and the network. The ProSe UE-to-Network Relay provides generic L3 forwarding function that can relay any type of IP traffic that is relevant for public safety communication. The ProSe UE-Network Relay is a Layer-3 relay (Figure 7.2.1.2-1).
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Figure 7.2.1.2-1: ProSe UE-to-Network Relay

The One-to-One Communication between Remote UE and ProSe UE-Network Relay is described in clause 7.1.

7.2.1.3 
eMBMS relay support

The UE-to-Network Relay function will include support for the relay of eMBMS to Remote UEs served by the UE-to-Network Relay. This functionality allows for the relaying of eMBMS traffic related to specific TMGIs as requested by served Remote UEs. As part of this functionality:

· The UE-to-Network Relay shall advertise the availability of specific TMGIs when this has been requested by served Remote UEs.

· UEs that request the relay to advertise the availability of a certain TMGI and to relay the related traffic need to keep alive a soft state in the Relay so that the relay can continue to perform TMGI monitoring and the related traffic forwarding. When this soft state is not kept alive for a given TMGI, the UE-to-Network Relay stops advertising availability of the TMGI and stops the relaying of the related eMBMS traffic.

· The UE-to-Network Relay shall send the eMBMS traffic over a one to many direct communication link to the Remote UEs, using as a destination Layer 2 address a ProSe Layer 2 Group ID which will have been previously provided by the relay to the Remote UEs. 

· The ProSe UE–to-Network Relay does not terminate eMBMS or higher layer security procedures used to secure the media transmitted over the eMBMS bearers. The UE-to-Network Relay just transparently transfers, over the PC5 one-to-many link, the traffic it receives.

7.2.1.4 
Support of ECGI announcement

Some applications require the knowledge of the ECGI of the cell serving the UE e.g. to perform counting of UEs served by the same cell. 

For the purpose of these applications, when a UE is behind a ProSe UE-to-Network relay (so it is a Remote UE for this ProSe UE-to-Network relay), the serving cell of this Remote UE is the cell serving the ProSe UE-to-Network relay. So, the announcement of the ECGI by a ProSe UE-to-Network relay allows Remote UEs served by a ProSe UE-to-Network relay to receive the value of the ECGI of the cell serving the ProSe UE-to-Network relay. This enables the reporting of this ECGI for these applications.

An example of an application requirement may be the dynamic activation of eMBMS in the cell where the ProSe UE-to-Network relay is camping, if there is a sufficient number of devices behind the ProSe UE-to-Network  relay, in order to avoid e.g. unicast distribution of multiple application streams of the same content in unicast mode to different devices under the same ProSe UE-to-Network  relay (note that aggregation of unicast streams at an agent in the ProSe UE-to-Network relay is not possible when the relay is behaving as Layer 3 device).  

The ECGI obtained by a relay should be used by applications that can handle it appropriately (e.g. impact on location service relaying on ECGI should be understood and alternate location methods may be more appropriate in certain domain of application). So, it is application dependent whether the ECGI obtained by a relay can be used or not and how the application reports it to the server (i.e. whether an explicit indication is needed this is obtained by a relay, or not).

Editor's Note: This feature needs to be supported if the dynamic activation of eMBMS content distribution based on application layer ECGI reporting is supported in Rel-13. The interaction between the dynamic establishment of eMBMS based on application layer ECGI reporting and any potential RAN-level counting needs to be studied as part of the work on dynamic activation of eMBMS content distribution based on application layer ECGI reporting.
7.2.2
Procedures

Editor’s note:
Describes the high-level operation, procedures and information flows for the solution.
7.2.2.1 
Relay Discovery and one-to-one communication establishment

The ProSe UE-Network Relay may attach to the network (if not already attached) and establish a PDN connection that can be used for relaying of traffic to/from Remote UEs.
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Figure 7.2.2-1: Call flow for ProSe UE-Network Relay

1.
The ProSe UE-Network Relay performs initial E-UTRAN Attach (if not already attached) and/or establishes a PDN connection for relaying (if no appropriate PDN connection for this relaying exists). In case of IPv6, the ProSe UE-Network Relay obtains IPv6 prefix via prefix delegation function from the network as defined in TS 23.401 [7].

2.
The Remote UE performs discovery of a ProSe UE-Network Relay using Model A or Model B discovery. The details of this procedure are described in clause 6.

3.
The Remote UE selects a ProSe UE-Network Relay and establishes a connection for One-to-One Communication. The details of this procedure are described in clause 7.1.

NOTE 1: Whether the authentication of the Remote UE involves the EPC will be decided by SA3.

4.
When IPv6 is used on PC5 the Remote UE performs IPv6 Stateless Address auto-configuration, the Remote UE shall send a Router Solicitation message (step 4a) to the network using as Destination Layer-2 ID the Layer-2 ID of the Relay in order to solicit a Router Advertisement message (step 4b) as specified in IETF RFC 4862 [6]. The Router Advertisement messages shall contain the assigned IPv6 prefix. After the Remote UE receives the Router Advertisement message, it constructs a full IPv6 address via IPv6 Stateless Address auto-configuration in accordance with IETF RFC 4862 [6]. However, the Remote UE shall not use any identifiers defined in TS 23.003 [8] as the basis for generating the interface identifier. For privacy, the Remote UE may change the interface identifier used to generate the full IPv6 address, as defined in TS 23.221 [9] without involving the network. The Remote UE shall use the auto-configured IPv6 address while sending packets.

5.
When IPv4 is used on PC5 the Remote UE uses DHCPv4 [10]. The Remote UE shall send DHCPv4 Discovery (step 5a) message using as Destination Layer-2 ID the Layer-2 ID of the Relay. The ProSe UE-Network Relay acting as a DHCPv4 Server sends the DHCPv4 Offer (step 5b) with the assigned Remote UE IPv4 address. When the Remote UE receives the lease offer, it sends a DHCP REQUEST message containing the received IPv4 address (step 5c). The ProSe UE-Network Relay acting as DHCPv4 server sends a DHCPACK message to the Remote UE (step 5d) including the lease duration and any other configuration information that the client might have requested. On receiving the DHCPACK message, the Remote UE completes the TCP/IP configuration process.

NOTE 2:
The DHCPv4 client may skip the DHCPv4 Discovery phase, and send DHCPv4 Request message in broadcast as the first message in accordance with the DHCPv4 renewal process.
7.2.2.2  
TMGI advertisement and eMBMS traffic relay
The following procedure illustrated in Figure 7.2.2.2-1 here below is used by a ProSe-enabled Public safety UE to request a ProSe UE-to-Network relay to start monitoring a specific TMGI availability and that the ProSe UE-to-Network relay broadcasts this TMGI on a broadcast channel when it is detected on the MCCH of the serving cell. The eMBMS traffic related to this TMGI, if available, is also forwarded to the remote UE's served by the relay over a one-to-many link identified by a specific ProSe Layer-2 Group ID provided by the Relay when the procedure is executed.
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Figure 7.2.2.2-1: TMGI monitoring request procedure
1) The UE has successfully discovered the ProSe UE to Network Relay and has obtained (perhaps after a one to one communication sessions with the relay) from a Group communication application a TMGI the UE should use to receive related eMBMS content. The UE obtains the TMGI it is interested in either by static configuration or by interaction with the Group Communication Application. This interaction can happen before or after the UE has joined the relay.

2) The UE sends to the ProSe UE-to-Network relay a TMGI Monitoring Request(TMGI) where TMGI is the value obtained at step 1.

3) The ProSe UE-to-Network relay acknowledges receipt of the request in step 2 with a TMGI Monitoring Response( ProSe Layer 2 Group ID_traffic, TMGI_Monitoring_Refresh Timer). The ProSe Layer 2 Group ID_traffic is used to forward to Remote UEs the eMBMS content related to the TMGI value received at step 2. The TMGI_Monitoring_Refresh Timer (configurable in the ProSe UE to network relay) is provided to the UE so that when this timer elapses the UE shall execute the TMGI monitoring request procedure if it still needs to monitor the TMGI. If a UE does not execute the TMGI Monitoring Request procedure when this TMGI_Monitoring_Refresh Timer expires in the UE and no other UE in executes the refresh procedure for this TMGI, then when  the TMGI_Monitoring_Refresh Timer for the TMGI expires in the relay, the relay shall stop monitoring the TMGI and also to forward any related content if it was doing so.

4) The ProSe UE-to-Network Relay detects the TMGI it has been requested to monitor

5) Upon detection of the TMGI, the ProSe UE-to-Network relay broadcasts availability of the TMGI by sending a TMGI Announcement(TMGI) message over a broadcast channel. This is repeated with a configurable (in the ProSe UE to Network Relay) repetition interval which should normally be smaller than the TMGI_Monitoring_Refresh Timer. The value of the TMGI may be used by devices discovering the UE-to-Network relay as a preference criterion for Relay selection, if they are interested in the TMGI the relay is advertising.

6) The UE detects the announcement of step 5 and subsequently starts to receive the broadcast content on the PC5 ProSe one-to-many link associated to the Prose Layer-2 Group ID_traffic defined at step 3, and may release unicast distribution leg if any was being used.

7) Upon detection of loss of TMGI, the ProSe UE-to-Network relay stops broadcasting availability of the TMGI. It may also (optionally) send a positive indication of loss of TMGI so as to accelerate loss of TMGI detection in the UE (not shown in the procedure). The UE may request a unicast distribution leg from the GCSE AS

8) The UE stops receiving the broadcast content on the PC5 ProSe one-to-many signalling link associated to the Prose Group Layer-2 ID_traffic defined at step 3.

NOTE 1: the relative ordering between step 7 and 8 may be dependent on when the eMBMS content becomes unavailable in the cell.

7.2.2.3
Cell ID announcement procedure

The following procedure outlined in figure 7.2.2.3-1 allows an authorized public safety UE, based on application requirements outside the scope of the present procedure, to request a ProSe UE-to-Network Relay to announce the EUTRAN Cell Global ID (ECGI) of the Cell serving the ProSe UE-to-Network Relay.
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Figure 7.2.2.3-1: Cell ID announcement request procedure
1)  A UE has discovered a ProSe UE-to-Network relay and an application requires serving cell ECGI reporting even when it is behind a relay (i.e. the application benefits from this value even if it is the value of the cell serving the relay and not the UE directly). 

2)  The UE sends to the ProSe UE-to-Network relay a Cell ID Announcement Request() to support the needs of such application

3)  The ProSe UE-to-Network relay acknowledges receipt of the request in step 2 with a Cell ID Announcement Request (ECGI_Announcement_Request_Refresh Timer). The ECGI_Announcement_Request_Refresh Timer,  (configurable in the ProSe UE to network relay) is provided to the UE so that when this timer elapses the UE shall repeat the Cell ID Announcement Request procedure if it still needs obtain the ECGI. If a UE does not execute the Cell ID Announcement Request procedure when this ECGI_Announcement_Request_Refresh Timer expires and no other UE request ECGI announcement before the ECGI_Announcement_Request_Refresh timer expires in the UE-to-Network relay, then the relay shall stop announcing the ECGI of the serving cell.

4)  The ProSe UE-to-Network Relay announces the ECGI of the serving cell by sending a Cell ID Announcement (ECGI) on a broadcast channel. This is repeated periodically with a configurable frequency (normally Higher than the one related to the ECGI_Announcement_Request_Refresh Timer) until there is no UE requesting to announce the ECGI as determined by the ECGI_Announcement_Request_Refresh Timer running in the ProSe UE-to-Network relay.

5)  The ProSe UE-to-Network Relay may at any time detect the ECGI of a new serving cell it is happening to be camping on

6)  Step 5 triggers the ProSe UE-to-Network Relay to announce the ECGI of the serving cell immediately and repeat it periodically with a configurable frequency as in step 4 until there is no UE requesting to announce the ECGI as determined by the ECGI_Announcement_Request_Refresh Timer running in the ProSe UE-to-Network relay.

7.2.2.4

Multicast/Broadcast traffic support using IP Multicast on Relay

This procedure may be used as an alternative to that of clause 7.2.2.2, or as the result of the ProSe UE-to-Network Relay not supporting that procedure and/or the network not providing eMBMS service to the ProSe UE-to-Network relay.
There may be multiple ProSe UEs (“Remote UEs”) belonging to the same talk group in contact with one ProSe UE-to-Network Relay. To enable battery (and radio) efficient transmissions from the ProSe UE-to-Network Relay for this talk group the following steps occur:
0)
While in network coverage the “Remote UE” is configured with the contact name (URL) or IP address of the Group Call Service Application Server.

1)
The ProSe Relay UE is authorised to act as a PS Relay (or rejected) by its MME when it attempts to activate the ProSe Relay PDN. The ProSe Relay PDN is an intranet. When the ProSe Relay UE activates the ProSe Relay PDN, the PCO carries an indication as to whether it supports IP Multicast. This indication is transferred  to the GCSE-AS. The mechanism to do this is FFS. By configuration, the GCS AS knows whether or not the Relay PDN’s PDN GW supports IP Multicast.
2)
after the Remote UE contacts the ProSe UE-to-Network Relay, the ProSe UE-to-Network Relay allocates the End UE a locally significant IP address.

3)
the Remote UE contacts the GCS AS and is authorised and authenticated (or rejected).

4a)
(after MB2 communication) the GCS AS informs the Remote UE of the IP Multicast address(es) that its talk group is using (and – to avoid tracking –those IP multicast addresses that will be used by the talk group in the short term future).
4b)
the GCS AS notes that the Remote UE is using this ProSe UE-to-Network Relay and (until step 10) uses unicast to distribute data to this Remote UE in case the ProSe UE-to-Network relay or PDN GW do not support IP Multicast.

5)
the Remote UE sends an IGMP Join (or IPv6 equivalent) to the ProSe UE-to-Network Relay.

6)
if the ProSe UE-to-Network Relay is not already a member of that IP multicast group, the ProSe UE-to-Network Relay sends the IGMP Join (as an IP packet) to the PGW serving the ProSe Relay PDN.

7)
(If not already a member of that IP multicast group ) that PGW then sends the IGMP Join message to the MBMS GW. (A possible operator configuration is that the MBMS GW is the same logical entity as the ProSe Relay PDN’s PGW).
8)
if either the ProSe Relay PDN’s PGW or the ProSe UE-to-Network Relay is already a member of that group, then (respectively) the new ProSe UE-to-Network Relay (new End UE) is added to the PDN GW’s (ProSe UE-to-Network Relay’s) IP multicast distribution tree.
9)
Across GC1, the Remote UE informs the GCS AS that it has requested to join the multicast distribution tree. From its knowledge (obtained in step 1), the GCS AS informs the Remote UE whether the Join attempt will have failed.

10)
The GCS AS sends the media on both the unicast path to the Remote UE and through the MBMS GW (possibly via the BM-SC).

11)
When the ProSe UE-to-Network Relay receives IP packets on the Relay PDN containing an IP multicast address, it checks whether it has any Remote UEs for that group, and if it has one or more, the Relay then ‘broadcasts’ that packet on the radio interface towards the Remote UE(s).

12)
the Remote UEs receive all the ‘broadcast’ packets and, at layers above the Access Stratum, they filter out packets that are not for their individual IP address or joined IP multicast groups.

13)
When a Remote UE receives its group’s media on the IP multicast address, the Remote UE informs the GCS AS that it has successfully joined the multicast group.

14)
The GCS AS then sends the media for that group for that Remote UE only through the MBMS GW (possibly via the BM-SC).
The Remote UE periodically contacts the ProSe UE-to-Network Relay UE to keep the NAT binding alive and/or renew (part of) its IP v6 address. Absence of this contact informs the Relay UE that the End UE can be removed from its multicast distribution tree.
7.2.3
Impact on Existing Entities and Interfaces

Editor's note:
Impacts on existing nodes or functionality will be added.
7.2.4 
Topics for further study for ProSe UE-Network Relays
The following issues need to be resolved:

-
It is FFS whether the TMGI advertisement by the UE-to-Network relay happens by using Direct Communications one to many using a shared ProSe Layer 2 ID to all UEs the UE-to-Network relay serves; or using a ProSe Layer 2 ID dedicated for a specific application layer group related to the TMGI; or whether the TMGI advertisement happens using discovery signalling.

-
It is FFS whether the messages used by the remote UE to request a UE-to-Network relay to monitor a certain TMGI are at the access stratum or non-access stratum layer.

-
 It is FFS whether a security association between the UE and the UE-to Network relay is per UE or per ProSe Application Group.

-
It is FFS if the IP Address preservation is supported when the Remote UE moves out of the ProSe UE-Network Relay coverage-
It is FFS whether for IPv4 the Prose UE-to-Network relay will have to implement NAT functionality.
-
It is FFS whether and how the EPC is aware of the remote UE’s presence (e.g. for the purpose of authorisation, QoS, LI, etc.) in absence of direct NAS signalling connection between the Remote UE and the MME.
· It is FFS how a ProSe UE-to-Network Relay performs priority handling of Remote UEs.
7.2.5
Conclusions on ProSe UE-Network Relays

The ProSe UE-Network Relay is a Layer-3 relay (i.e. an IP router), as agreed in Rel-12 ProSe.
************ end of modifications  ******************
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