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This document outlines some aspects that need to be considered when designing this feature. 

In particular 3GPP needs to ensure that the signalling between the UE and the Group Call Manager needs to be standardised in the Rel’12 timeframe.
This document provides an initial view of how a reasonable quality group call solution could be rapidly developed: subsequent debate may well lead to an updated view from Vodafone.

1
Introduction
This document provides some information on aspects that shape the overall design of the group call solution and then provides a short list of the key components of an initial proposal for a technical solution.
One key aspect is the need for the signalling between the UE and the Group Call Manager to be standardised.

2
Aspects Shaping the Group Call Solution
2.1
Dedicated Public Safety Communications (PSC) networks or PSC on public networks?
The cost of a cellular network is heavily dependent upon the number of base station sites. 

TETRA networks typically provide coverage for 8 kbit/s voice, sometimes only outdoors.

For a quality future service, indoor video UPLOAD will be highly desirable. E.g. an uplink of 500 kbit/s. This ratio of 500 kbit/s to 8 kbit/s requires a significant FACTOR more base station sites than are currently in use for TETRA. (using a [urban] model where signal strength loss is proportional to range**3.4, this ratio of 62.5 times bit rate means that the maximum range is decreased by a factor  of 3.37, translating into the need  for 3.37**2 =11.4  base stations to cover a given area when range limited. With slower power loss, e.g. proportional to range cubed or range squared, the multiplier for the number of extra base stations is much more. Improvements in LTE’s modulation mechanisms and HARQ compared to TETRA will be [partially] offset by the use of increased radio path losses at 700/800 MHz and the physical size difficulties in the UE of using LTE’s multi-antenna technologies at 700/800 MHz. 
Given the cost of TETRA networks, dedicated PSC networks that support future service requirements are unviable in the vast majority of economies. As a consequence, operators of such “Dedicated” networks will have to sell/sub-let access to their networks to users of the public networks.

This will result in there being basically no difference between a “public network that offers (high) priority access to PSC users” and a ”dedicated PSC network that offers ‘secondary’ (=lower priority) access to the customers of public networks”.

In conclusion, it is very likely that all PSC users will be sharing a network with public network users (unless the local government is hugely rich).
2.2
Point to Point vs Broadcast Mode

Radio efficiency is important: it is incredibly wasteful to broadcast a call in a cell if there are no members of the group in that cell !   
The big improvements in radio performance going from 2G to 3G through HSPA to 4G come from improved point to point transmission. In contrast, there has been relatively very little performance improvement in the broadcast channels.

Anecdotal suggestions are that for R’99 UMTS, if you have 5 or fewer members of a group in a cell, it is more efficient to use unicast channels than to use MBMS. For HSDPA, the cut over may be around 15. The equivalent number for LTE is unclear: MBSFN offers some advantages, but the author is unaware how an “MBSFN area” can be dynamically adapted to handle cells with no group member in them

The number of Public Safety Communications users does not change greatly with time. However, the data delivered over public networks is increasing rapidly. As a consequence the number of cells in the public network increases substantially (tempered by extra frequency bands and improved P2P efficiency), and the average number of PSC users within a public network’s cell area decreases substantially with time.
So, in contrast to TETRA, in LTE, it will very frequently be more radio efficient to use unicast channels rather than using eMBMS.
However, there will always be situations (e.g. 1000 riot police in a small area; or the need to transmit video of an incident to tens of users in a cell) where a multicast channel may be needed.

Hence the group call solution will need to accommodate the joining together of Broadcast in some cells and unicast in other cells.

2.3
How to count the number of users in a cell?
Modern work flow management will require despatchers to near-continually know the location of their ‘resources’ (the PSC users). Typically this will result in the PSC devices reporting their [GPS] location every [20] seconds, and hence, the mobiles will remain in LTE-Connected/UMTS RRC connected/GPRS Ready state. 
In a typical public network, the proportion of PSC users is relatively low: hence the extra signalling load caused by requesting the network to inform the PGW of every cell change is probably manageable. (In a dedicated PSC network, the total number of users is low and, similarly, their signalling load is manageable)

The battery life impact of keeping the device in RRC connected state is low provided the network uses a suitable connected mode DRX setting (e.g. equal to the idle mode DRX setting). A bigger (but not catastrophic) impact on battery life comes from using the GPS continually – however this will be needed for improved operational efficiency and will be provided by either battery improvements or (more likely) the PSC device having a significantly bigger battery (factor 4 ?) than typical consumer devices.
2.4
Lawful Intercept and Encryption
If not already a regulatory requirement, it should be anticipated that for every PSC user there is some legal (?) entity that has the right to demand that that PSC user’s communications be intercepted.
PSC users are likely to demand that encryption runs further across the network than LTE’s radio interface encryption does.

IMS media plane security is believed to provide a suitable mechanism for LI while still supporting end to end encryption.
2.5
Flexible Incident Management
It is essential that different emergency services (e.g. police/fire/ambulance) can be rapidly drafted to assist with a major incident in a nearby area.
For example, 

· A ‘group’ of local  fire fighters will occasionally need to be joined into a common talk-group with local police and ambulance personnel;  

· Police from an adjacent force will be moved to assist police groups in adjacent areas;

· National staff groups will need to be temporarily merged with local staff groups.

At least in countries with land borders, it should be anticipated that there will be a need for international groups to be dynamically formed.

These ‘groups of groups’ will be formed during an important major incident. At such moments of crisis, it will be unacceptable to request the personnel involved in the incident to “download a new app” and then ‘learn its user interface’.

This means that the “group call” functionality needs to be well standardised:

i.e. the interface between device and “network” needs to be fully standardised in the first release to include, e.g. 


- group membership authorisation/revocation;
- allocation of group temporary IDs (c.f. TMGI)
- allocation of (de)cipher keys for broadcast transmission 
- floor control (‘request to speak, etc)
And,
The interface between group call servers needs to be suitable for standardisation in imminent releases.

2.6
Deployment of MBMS
In 2G and 3G, MBMS impacted terminals and many network nodes (BTS/NodeB, BSC/RNC, SGSN, GGSN, BMSC) that typically came from multiple, diverse vendors. This made the rollout of the feature so challenging that in many markets it is not deployed.

In LTE, the eMBMS feature impacts slightly fewer nodes and its developers tried to avoid some of the complexities of the 2G and 3G design.

For simplicity, it is expected to be easier to use the broadcast mode of eMBMS rather than LTE multicast. An “application layer” encryption can then be used to provide secure communication.
Few networks are ‘single vendor’ across their geographic footprint and across the RAN/Core-C plane/U-plane environment. Network sharing is becoming more common.

Further, PSC resilience based on roaming onto national competitors has to be anticipated.

Managing complex new feature rollout in such an environment is challenging.

eMBMS rollout is still in its infancy -> adding new complexity is worth avoiding!!
2.7
LTE point to point and broadcast mode in parallel.

The time division nature of MBSFN subframes within the LTE frame structure mean that LTE devices can be anticipated to be able to perform point to point transmission/reception while also receiving broadcast transmissions. This can be utilised for things such as mid-broadcast-call update of decipher keys, and simplifies (compared to GSM VGCS) uplink talk burst handling.

For a moving UE, it will also facilitate the smooth transition of a UE as it moves from a cell where it is using a unicast Group call into a cell where the Group call is being broadcast.

For communications that require “guaranteed delivery”, the unicast uplink can be used to provide acknowledgment to the network/server.

2.8
Transition from a cell Broadcasting a group call to a cell where the call is Unicast

Considerable complexity is likely to be added if there is a “zero gap” requirement. However, LTE’s fast unicast connection establishment, and, application level acknowledgements can provide a more pragmatic simpler solution.
2.9
Multiple frequency layers

In any particular place, there is likely to be coverage from multiple RATs/multiple LTE frequencies. If broadcast mode for group calls is available, then it will be useful if all of the group members are (gently) pushed to the same carrier.  

In combination(and in contrast) it will be useful if normal public users are pushed to different carriers in order to free up capacity on the carrier targeted by PSC users. 

This kind of functionality can be achieved by use of RFSP/SPID.
3
Outline of Potential Technical Solution
a) Standardise most of it above Gi reference point
b) PSC mobiles report every cell change to the PGW (even when receiving a broadcast communication). The PGW pushes this information across SGi to a Group Call Manager. 
c) The Group Call Manager uses knowledge of how many mobiles are in each cell to determine whether to use a unicast or broadcast bearer.
d) The Group Call Manager can request establishment AND RELEASE of unicast dedicated bearers across SGi, and, establishment/release of broadcast bearers in specific cells across the SGmb/SGi-mb reference points.
e) Application layer encryption is used over the broadcast bearer.

f) Unicast bearers have an additional (to Rel-8) layer of encryption between the UE and the Group Call Manager. 

g) In the Rel’12 timeline, signalling is standardised between the UE and the Group Call Manager for group management; security; ‘floor control’ ; and all other functions that are needed for the flexible grouping together of different PSC groups and for the support of multi-vendor operation.
h) When broadcast mode  is supported by the operator, RFSP/SPID is used to steer PSC users to a particular RAT, particular frequency band, and carrier within that band so that the chance of having enough users in that cell to make use of a broadcast bearer efficient is maximised. (If broadcast mode is not supported, RFSP/SPID can be used to distribute the PSC users across carriers/RATs to minimise the chance of congestion). 
i) The LI mechanisms for IMS Media Plane Security are reused for the unicast bearers. Other 3GPP mechanisms are used for LI of the broadcast bearer.
Not all aspects are intended to be covered by the above list.
4
Proposal
It is proposed that the above aspects are discussed and the above ‘outline technical solution’ is reviewed, modified if necessary, and then adopted as a guide for future work.
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