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1 Introduction

Possible RAN impacts of support of group communication using unicast bearers as delivery method over the radio were discussed in the last RAN2 meeting. The following agreement was made. 

Agreements
1
If GBR bearers are kept established during long idle periods of the PTT service, other GBR bearers (e.g. commercial Voice) may be rejected by admission control.
The following points are FFS: a). whether PTT Voice needs to be carried on a GBR bearer. b). whether the offered QoS of default bearer is acceptable for delivery of PTT voice for the short period of time over the default bearer. In this contribution we further discuss the above FFS points.
2 Discussion

TR captures the end to end setup time for establishing a group communication over unicast bearer. The calculation shows the end to end setup time is in the order of 250ms. The transmitting group member is assumed to be in RRC_IDLE prior to the group call establishment. End to end setup time requirement assumes that there is no acknowledgement from receiver group members before the transmitting group member is allowed to proceed with the communication. A setting up of a dedicated bearer for the delivery of the media to the receiving group member (from GSCE AS to the receiving group member) was considered in the setup time analysis, no paging to the receiving group members was considered. Therefore, it is assumed that the receiving group members were in RRC_CONNECTED prior to the establishment of the group communication using unicast bearer for the media delivery. 

On one hand PTT voice application has similar QoS requirements in terms of packet delay (eg.100ms) and packet loss rate (10​-2) for the delivery of media to that of the conventional voice application. Therefore while the transmitting group member is transmitting the data, the media should be treated with the corresponding QoS and should be offered with guaranteed bit rate. Therefore, while the data delivery is ongoing, QoS offered by GBR bearer with QCI=1 seems appropriate for the delivery of PTT traffic. 

On the other hand, unlike the conventional voice application, PTT application is controlled by the floor control and floor grant is given to one transmitting group member opportunity to transmit at a time. While one transmitting member is transmitting the data, other transmitting group member is not transmitting any data. Therefore, while there is no data to be delivered, the network doesn’t required to take into account the GBR characteristics of the bearer for call admission control hence avoids the impacts on the admission control of other GBR bearer establishment request. 
The above discussion could conclude that the PTT voice application consists of both GBR and non-GBR characteristics depending on whether data transmission ongoing or not.

Proposal 1: PTT voice application has different QoS requirements depending on whether the data delivery is ongoing or not. PTT voice application can be characterised by that of conventional voice application while data delivery is ongoing. However the PTT application does not require GBR characteristics when there is no data to be delivered over the bearer. 
As discussed in the last meeting, if a large number of dedicated GBR bearers for PTT voice application are kept established, there are impacts on call admission control on the other GBR bearers. It is likely only one transmitting group user is granted for data transmission at a time. However, if established VoIP bearer to be used, all transmitting group members should keep the dedicated bearer for VoIP in UL established all the time. Not only for the transmitting group members, the dedicated bearer could have been established for the delivery of data to the receiving group members. The number of dedicated bearer to be maintained for support of group communication may take very large value in some user scenarios. QCI 1 is generally used for conversational voice application. If push to talk (in general public safety voice) applications are assumed to be delivered with the same level of quality of service requirement as for the conversational voice, QCI 1 bearer should be used for push to talk application. Considering that QCI 1 bearer is GBR bearer, the RAN needs to perform call admission control and guarantee the availability of radio resource for the delivery when establishing the dedicated bearer for VoIP.  Maintain a large number of GBR bearer for support of group communication thus enforces the limits on how many users can be supported in a cell. In other words, keeping QCI 1 bearer established for a large number of UEs with intention to be used only now and then is not efficient in radio resource perspective.  

In order to avoid the impacts on call admission control on other GBR traffic, the dedicated bearer for PTT application could be released when there is no data to be delivered. When considering the total of dedicated bearers for transmitting and receiving group members in the system, the releasing and re-establishing of the dedicated bearer for media delivery could result in a large amount of signalling. 

Alternative approach for the above issue is to inform the eNB of the PTT characteristics and bearer where PTT voice application is mapped to. The providing PTT information to the eNB could be done either explicitly or implicitly via QCI. 

With implicit approach, a new QCI for PTT traffic taking into account it’s intermittent nature of traffic characteristics can be defined. Packet delay budget and packet error loss rate can be same as that of QCI =1. Only difference is that PTT bearer can be treated differently from call admission control perspective. Therefore, the PTT bearer can be kept established but without impacting the CAC or the resulting in underutilisation of radio resources.

With explicit approach, the CN can inform the eNB that the need for CAC for the duration of the bearer could be relaxed for the bearer where PTT voice application is mapped to.
As discussed above, the impacts on CAC only visible in a system where a large number of GBR bearers to be kept established for group communication. If however, fewer number of transmitting group members are in the system and MRB is used for delivery of media to the receiving group members, the number of GBR bearers required to be kept established is few hence the impacts on CAC is not seen significant. Therefore, the use of QCI=1 bearer for PTT as per the convention voice would be acceptable for Rel-12. 

Proposal 2: RAN2 to discuss whether the use of QCI=1 bearer for PTT as per the conventional voice would be acceptable for Rel-12.
The use of default bearer for delivery of PTT traffic until the establishment of dedicated bearer for VoIP was discussed in the last RAN2 meeting. At the beginning of the data transmission, voice data may be delivered over the default bearer. The delivery of PTT voice using default bearer is temporary and only last until a dedicated bearer is established for VoIP with QCI 1. Without the define TFT (ie. Packet filter) for this bearer, all data transmission is mapped on to the default bearer. When the corresponding TFT is configured, the data is filtered to be transmitted over QCI 1 bearer. 
However for a short duration of time (eg: until a dedicated bearer for VoIP is established), the PTT voice is transmitted with QoS corresponding to the best effort traffic. Acceptability of PTT VoIP over the default bearer for a short period of time and whether the offered QoS with the default bearer is acceptable for PTT voice should be verified. 

Default bearer is a non-GBR bearer. QCI 9 is typically used for default bearer. QCI 9 bearer has 300ms of packet delay budget requirement and 10​-6 of packet error loss rate requirements. To achieve required error loss rate, default bearer is uses AM mode for the data delivery. 

However for public safety users, it is possible to configure bearer other than QCI 9 as the default bearer. for example QCI 5 and QCI 7 bearers could be considered. The offered QoS of QCI 5 and 7 are better than QCI 9 hence use of QCI 5 or 7 as default bearer is costly from resource perspective. However the number of public safety users in the system is a fraction of the number of commercial UEs. Also, the public safety users could easily be differentiated and treated differently from the commercial UEs.   

The conventional voice application is typically mapped to QCI 1 bearer where 100ms PDB and 10​-2 of error loss rate requirement applies. Voice is typically delivered with UM mode. Table 1 shows the characteristics of convention voice bearer and default bearers with different QCIs.

Table 1: 

	characteristics
	Conventional voice bearer using QCI 1
	Default bearer with QCI 9
	Default bearer with QCI 7
	Default bearer with QCI 5

	Packet delay budget
	100ms
	300ms
	100ms
	100ms

	GBR/non GBR 
	GBR
	Non-GBR
	Non-GBR
	Non-GBR

	Packet error loss rate
	10​-2
	10​-6
	10-3
	10-6

	priority
	2
	9
	7
	1

	Mode of operation
	UM
	AM
	AM
	AM


The time for establishing a dedicated bearer is in the order of 120 ms. If the default bearer is used to deliver the traffic while the dedicated bearer is established, about 5-6 voice packet would be delivered over the default bearer. 
If QCI 9 is used for default bearer, the delay in packet delivery over default bearer is in the order of 300ms, which is longer than the time required to establish a dedicated bearer. Therefore no real benefit of sending the data over the default bearer while the dedicated bearer is being established. However with QCI 5 and 7 default bearers, similar packet delay budget requirements are resulted.
One aspect to note that the default bearer operates in AM while the conventional voice bearer operates in UM. Therefore, some of the packet delivered over default bearer may still be going through re-transmission when the dedicated bearer is established.  Therefore the packet may receive at the application not in sequence. As long as the application can handle out of sequence delivery of packets, the use of default barer for transmission of voice while dedicated bearer is setup doesn’t impact end user experience. 

Proposal 3: RAN2 to discuss the acceptability of QoS offered by the default bearer if configured with QCI 7 and QCI 5 for public safety group communication UEs. 
3 Conclusions

In this paper we discussed possible RAN impacts of support of group communication using unicast bearers as delivery method over the radio. The following proposals are made:

Proposal 1: PTT voice application has different QoS requirements depending on whether the data delivery is ongoing or not. PTT voice application can be characterised by that of conventional voice application while data delivery is ongoing. However the PTT application does not require GBR characteristics when there is no data to be delivered over the bearer. 
Proposal 2: RAN2 to discuss whether the use of QCI=1 bearer for PTT as per the conventional voice would be acceptable for Rel-12.
Proposal 3: RAN2 to discuss the acceptability of QoS offered by the default bearer if configured with QCI 7 and QCI 5 for public safety group communication UEs. 
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