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Introduction
Keeping Public Safety users in contact with their dispatchers/control rooms is very important, e.g. for connectivity from the PS user’s distress/panic button. Some form of relaying function is important for this. In many cases a vehicle mounted unit could be sufficient, but it is obvious that better coverage could be achieved if ‘every’ handheld device could be a UE-network relay.
For vehicle mounted devices, using a modified ‘real’ small cell with cellular backhaul is a possibility. However the power consumption of the cell’s control channels would seem to make this solution impractical for handheld devices that target >8 hours battery life.
Hence, for UE-network relays, transmit power efficiency is important.

In the (offline) discussions of the R3 solution for the IP level relay, there appear to be divergent opinions as to how the relay will handle the downlink transmissions to a talk group.

One proposal is that each end user device receives the talk spurt in a separate transmission from the relay. While this may be simple to specify and implement, it poses challenges for a “search and rescue talk group of 50-70 users”.

Hence it is useful to try and describe how multicast can be used from the relay.

Proposal

It is proposed to make the following revision marked updates to TR 23.703 v1.0.0.

***** start of first changes ******************
6.3.11
Solution R11: ProSe UE-to-Network Relay as IP router

6.3.11.1
Functional description

This solution for ProSe UE-to-Network provides the functionality to provide connectivity for both "unicast" and "multicast/broadcast" (MBMS) services to out of network UEs.
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Figure 6.3.11.1-1: ProSe UE-to-Network Relay reference points

The ProSe UE-to-Network Relay needs to relay the traffic in the UL and DL between a UE that connects to the relay and the network. This traffic (from the network side) can be both unicast and broadcast (only in the downlink). The relay can therefore be specific to GCSE-LTE application layer or can be a generic function that can relay any type of traffic that is relevant for public safety communication.
a)
ProSe UE-to-Network Relays - unicast traffic support


The ProSe UE-to-Network Relay for unicast traffic needs to relay the unicast traffic that is sent/received over/from the PC5 interface to/from the network (i.e. via Uu to eNB and further). In this respect for unicast traffic the UE connecting to the ProSe UE-to-Network Relay can be considered a tethered device and the ProSe UE-to-Network Relay can act as "IP router" to this UE.
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Figure 6.3.11.1-6: ProSe UE-to-Network basic "stack" (unicast support)

The ProSe UE-to-Network Relay using IPv6 can perform prefix delegation of the IPv6 prefix it receives from the network or simply route the traffic to the "auto-configured" IPv6 address of the UE if this prefix is globally routable.

b)
ProSe UE-to-Network Relays - broadcast/multicast traffic support with eMBMS to the Relay

As part of TR 23.768 [5] it is already proposed in a number of solutions that eMBMS will be used to serve the downlink traffic for group communication. We therefore consider this as an "assumption" and consider how the DL broadcast can be relayed on the PC5. For this case also we do not need any application layer functionality in the ProSe UE-to-Network Relay and we investigate further the procedures.
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Figure 6.3.11.1-3: ProSe UE-to-Network basic "stack" (broadcast on downlink support)
c)
ProSe UE-to-Network Relays - broadcast/multicast traffic support with IP multicast on the Relay


As part of TR 23.768 [5] it is already proposed in a number of solutions that unicast will be used to serve the downlink traffic for group communication. With IP multicast support we do not need any application layer functionality in the ProSe UE-to-Network Relay and do not have to rely on the serving eNB supporting eMBMS.
6.3.11.2
Procedures

6.3.11.2.1
Unicast traffic support
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Figure 6.3.11.2.1-1: ProSe UE-to-Network connection procedure (unicast support)

Step 1~3:
The ProSe UE-to-Network Relay attaches to the network and obtains IPv6 prefix from the network. It may optionally in addition establish an additional number of PDN connections based on configuration. During the attach and/or PDN connection establishment procedure the ProSe UE-to-Network Relay can indicate its capability to act as a relay and can be authorized by the network e.g. via a new NAS indicator and/or PCO.
Editor's note:
Whether IPv4 can also be supported and needs to be considered is FFS.

Step 4:
The ProSe UE-to-Network Relay "announces" itself as relay that has network reachability and possibly (if needed) indicates PDN connections it has connected to. This would assist the "relay election" e.g. if more than one relays announces in proximity. The discovery procedure as in other cases is optional in this case the UEs can be pre-configured with ProSe identities of relays.

Step 5:
The UE connects to ProSe UE-to-Network relay following procedures e.g. as described in clause 6.2.3. During the connection procedure the ProSe UE-to-Network relay may also authorize the UE based on the credentials and identities exchanged. As part of this procedure the ProSe UE-to-Network Relay may also allocate IPv6 address using "prefix delegation via DHCPv6" as described in TS 23.401 [11]. This could allow easier identification of UEs connecting to the network via ProSe UE-to-Network Relay e.g. for purposes of charging, policy control etc.

Editor's note:
It is FFS how the ProSe UE-to-Network Relay performs authorization e.g. to only allow UEs to connect that connecting, belong to specific groups.

6.3.11.2.2
Multicast/Broadcast traffic support with eMBMS to the Relay
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Figure 6.3.11.2.2-1: ProSe UE-to-Network receiving broadcast on downlink
Step 0:
The ProSe UE-to-Network Relay is attached to EPS following normal UE procedures.

Step 1~2:
The UE establishes a connection to the ProSe UE-to-Network Relay. This is similar to what is described in the previous clause. As part of the connection procedure the ProSe UE-to-Network Relay can potentially indicate to the UE whether it supports MBMS and potentially the services indicated by TMGIs supported in the area.

Step 3~5:
The UE since it has IP connectivity via the ProSe UE-to-Network Relay it can register with the GCSE AS. To perform this procedure it uses the ProSe UE-to-Network Relay only as IP router. The UE also retrieves the service announcement of eMBMS. This can happen in two ways: either using interactive mechanisms from BMSC in which case it contacts the BM-SC over IP or using an eMBMS service. For the latter case in step 2, the UE can indicate the TMGI of the service announcement in the connection procedure. In case the ProSe UE-Network Relay moves out of the MBSFN area it informs the UEs connected to the relay. This can be used to trigger the UEs to receive the content using unicast.

Steps: 6~9:
When the UE will identify the TMGI corresponding to the eMBMS service from the retrieved service announcement it sends signalling to the ProSe UE-to-Network Relay indicating the TMGIs of the services it wants to start receiving. In this case the ProSe UE-to-Network Relay will start transmitting/broadcasting this service on the access stratum of the direct link.

Editor's note:
It is FFS how the ProSe UE-to-Network Relay performs authorization e.g. to only allow UEs to connect that connecting, belong to specific groups.

6.3.11.2.3
Multicast/Broadcast traffic support using IP Multicast on Relay
There may be multiple ProSe UEs (“End UEs”) belonging to the same talk group in contact with the 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 “End UE” is configured with the contact name (URL) or IP address of the Group Call 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 GCSE-AS knows whether or not the Relay PDN’s PDN GW supports IP Multicast. 
2) after the End UE contacts the Relay, the Relay UE allocates the End UE a locally significant IP address.

3) the End UE contacts the GCSE-AS and is authorised and authenticated (or rejected).

4a) (after GC2 communication) the GCSE-AS informs the End 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 GCSE-AS notes that the End UE is using this Relay and (until step 10) uses unicast to distribute data to this End UE in case the relay or PDN GW does not support IP Multicast.
5) the End UE sends an IGMP Join (or IPv6 equivalent) to the Relay UE.
6) if the Relay UE is not already a member of that IP multicast group, the Relay UE 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 Relay is already a member of that group, then (respectively) the new Relay (new End UE) is added to the PDN GW’s (Relay’s) IP multicast distribution tree. 
9) Across GC1, the End UE informs the GCSE-AS that it has requested to join the multicast distribution tree. From its knowledge (obtained in step 1), the GCSE-AS informs the End-UE whether the Join attempt will have failed.
10) The GCSE-AS sends the media on both the unicast path to the UE and through the MBMS GW (possibly via the BM-SC).
11) When the Relay receives IP packets on the Relay PDN containing an IP multicast address, it checks whether it has any End UEs for that group, and if it has one or more, the Relay then ‘broadcasts’ that packet on the radio interface towards the End UE(s).

12) the End 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 an End UE receives its group’s media on the IP multicast address, the End UE informs the GCSE-AS that it has successfully joined the multicast group.

14) The GCSE-AS then sends the media for that group for that UE only through the MBMS GW (possibly via the BM-SC)
The End UE periodically contacts the 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. 
6.3.11.3
Impact on existing entities and interfaces

Editor's note:
Impacts on existing nodes or functionality will be added.
6.3.11.3.1
Impacts from Unicast Traffic Support

6.3.11.3.2
Impacts from Multicast/Broadcast traffic support using eMBMS to Relay

6.3.11.3.3
Impacts from Multicast/Broadcast traffic support using IP Multicast on Relay

The PDN GW and MBMS GW need to support IP Multicast. 
The BM-SC may need functionality to support this feature. 
The transfer of the PS UE-Network Relay’s PCO’s indication of IP multicast support to the GCSE-AS may impact some nodes. Which ones are FFS. 
6.3.11.4
Solution evaluation
Editor's note:
The fulfilment of requirements in clause 4.2 needs will be evaluated.

******************* end of changes – section below is NOT changed ***************************
8.6
Key Issue #5: Relay for Public Safety ProSe
It has been agreed that in this release the study on UE-to-Network Relay will focus on the following type of solutions:

-
Application Layer Gateway (ALG) type of relay (e.g. R6, R7, R8);

-
L3-based relay (e.g. R3, R11).

Further study is needed to decide whether both relay types will be specified in this release.

It has been agreed that the following applies for the UE-to-Network Relay:

-
At EPS level (excluding the ProSe Function) the network perceives only one entity - the UE-to-Network Relay.

-
Relay selection on PC5 takes into account information that is announced by, or solicited from, the UE-to-Network relay and that reflects a meaning such as "I can act as a relay for public safety". It is FFS which other criteria are used for relay selection.
-

.
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