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Abstract of the contribution: This contribution studies two aspects of the voice delay requirements for the broadcast transport of voice using GC2 interface
1 Introduction
This contribution analyses some of the elements contributing to the build-up of the voice delay when voice is transported over eMBMS. The conclusion of the discussion is expected to lead to liaisons to the relevant RAN groups to request their support in the achievement of an eMBMS service meeting stringent delay requirements for Push-to-talk voice services and more detailed specification for the U-plane of GC2 interface. 
2 References

The following documents contain provisions which will be referenced in this document and define some of the technical aspects described below.
[1]
3GPP TS 36.300: “E-UTRA and E-UTRAN overall description”
[2]
3GPP TS 36.440: “Multimedia Broadcast Multicast Service (MBMS) within E-UTRAN”
[3]
3GPP TS 36.443: “EUTRAN M2 Application Protocol (M2AP)”
[4]
3GPP TS 36.444: “EUTRAN M3 Application Protocol (M3AP)”
[5]
3GPP TS 25.446: “MBMS synchronisation protocol (SYNC)”
[6]
3GPP TS 29.274: "Tunnelling Protocol for Control Plane (GTPv2-C); Stage 3"
3 Description of eMBMS voice transport

3.1 Chronogram of voice transport
Figure 1 below presents the overall chronogram for the transmission of voice information from the GCSE Application Server (AS) to one of the UE belonging to the group.
The various steps are listed as follows, assuming a 20 ms voice frame length and a 80 ms scheduling period for the eMBMS transport:

1, 2
The first voice frame is processed (for example vocoded) and transported in the inbound direction to the GCSE application server in a (S)RTP packet.

3, 4, 5, 6, 7, 8
The next three voice frames are vocoded and transported in the inbound direction to the GCSE application server. At this point, GCSE AS has received enough voice for a complete eMBMS transport container based on the assumed scheduling period (80 ms).

9

The received voice information is transported to BM-SC over GC2-u interface. It may be done on a frame per frame basis or the GCSE application server may buffer part or all of the information and send it in one or several packets (dotted arrows). The last transfer pertaining to an eMBMS transport container shall be performed before the end of the synchronisation sequence of the BM-SC (Section 15.3.7 of [1]).
10

The voice information is encapsulated into SYNC containers by BM-SC and is send using multicast IP to all eNBs belonging to the appropriate MBMSArea (dotted arrows). The transmission is divided into synchronisation sequences whose duration is defined by O&M and taking into account propagation delay to the farthermost eNB. At the end of a sequence, the BM-SC ends the transmission by one or several repetition of a SYNC packet without payload defining the end of sequence and providing to the eNBs the number of packets sent and the number of octets sent.
11

The voice information corresponding to a sequence is temporarily buffered into the eNB to wait for the scheduled transmission time and is then sent to the corresponding UEs.
12

The voice information is processed in the UE and rendering of the first voice frame starts (refer incoming voice frame 1). The duration of rendering of the received voice information is equal to the scheduling period and allows to wait (without any break) to the arrival of the subsequent voice information.
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Figure 1 - Detailed end-to-end chronogram for eMBMS voice transport (example)

The overall end-to-end delay is equal to A + B + C + D with the following definitions:

A
is the buffering additional delay which has to be added to the transport delay of a single voice frame to account to the fact that several voice frames have to be packed in a single container for transport over the eMBMS bearer. In this example, A is equal to 60 ms corresponding to the three additional 20 ms required to fill the container for an eMBMS scheduling period.
B
is the frame creation to BM-SC delay, including the processing in the source UE (vocoding), the transport over the unicast inbound path up to the GCSE AS and the build-up of the voice information in the last container sent to BM-SC over GC2-u for this sequence.

C
accounts for the encapsulation of the last voice frame into a SYNC container, the timely transmission of this SYNC container to the eNBs belonging to the corresponding MBMSArea, the transmission of the SYNC frame(s) without payload which is(are) concluding the synchronisation sequence, the waiting of the scheduled transmission sub-frame in the eNBs and the transport to the corresponding UEs.
D
is the final processing time of the received voice information, i.e. de-vocoding of the first received voice frame for rendering.

Among those numbers, some are independent of eMBMS transport structure (B and D) and will not be discussed further. Following discussion will focus on A and C.
3.2 eMBMS scheduling

The excess buffering time (A) is the difference between the scheduling period for eMBMS transport and the duration of a voice frame.
The definition of the actual scheduling period is done at eMBMS session setup time following the following message sequence in figure 2 below. The MBMS Scheduling information message may be resent later as a consequence of further Session Start/Stop requests. 
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Figure 2. Message sequence for start of eMBMS transmission
The detailed scheduling information is provided by the MBMS scheduling information message from MCE to eNB. It defines the scheduling period, i.e. the interval between the radio sub-frames used for the transport of the required information.
However, the scheduling information is derived from the information provided by the upstream messages, including the Session Start request from the BM-SC to the MME whose content is described in Table 7.13.1-1 of TS 29.274 with the required flow characteristics being defined by the Bearer QoS IE as defined in Figure 8.15-1 of the same document, copied here below (Figure 3).
	
	
	Bits
	

	
	Octets
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	1
	Type = 80 (decimal)
	

	
	2-3
	Length = n
	

	
	4
	Spare
	Instance
	

	
	5
	Spare
	PCI
	PL
	Spare
	PVI
	

	
	6
	Label (QCI)
	

	
	7 to 11
	Maximum bit rate for uplink
	

	
	12 to 16
	Maximum bit rate for downlink
	

	
	17 to 21
	Guaranteed bit rate for uplink
	

	
	22 to 26
	Guaranteed bit rate for downlink
	

	
	27 to (n+4)
	These octet(s) is/are present only if explicitly specified
	


Figure 3. Bearer QoS Information element in the Session Start message

Thus, the only information that may be use for the derivation of the scheduling period is the QCI, MBR and/or GBR. As the expected values for GBR in the case of a TMGI used for a single voice group communication is likely to be low (probably less that 20 kbit/s) and not able to justify in itself the allocation of a full radio sub-frame every minimal scheduling period. 
The same information is available in the MBMS Session Start Request from MME to MCE. Thus, the proper interpretation of this information for the choice of a scheduling period is to be done in MCE and shall be specified by the corresponding RAN group.
Furthermore, availability of a further small scheduling period (such as 40 ms or even 20 ms) would improve the overall voice delay.

Proposed Conclusion: Create a Liaison to relevant RAN group(s) to ask: 
· If the interpretation in the MCE of the information of the MBMS Session Start message, and more specifically QCI currently specifies the scheduling period to be used by the MBMS service and if not, if such modification could be foreseen in the scope of Rel 12.
· If a shorter scheduling period such as 40 ms or even 20 ms may be defined and if such work may be foreseen in the scope of Rel 12.

3.3 eMBMS U-plane transport synchronisation

The synchronisation of the transmission of U-plane information packets over GC2 and of the transmission of the corresponding information is detailed in Figure 4 below.
The transmission from the BM-SC to the eNBs is divided into synchronisation sequences whose duration is defined by O&M and is equal or a sub-multiple of the scheduling period. During this period, the information previously received from the GCSE AS and the information currently received from the GCSE AS can be forwarded to the eNBs.
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Figure 4 U-plane synchronisation
1. At the end of the synchronisation sequence (noted by the rectangle at BM-SC), the BM-SC sends an empty SYNC frame to the eNBs to indicate the end of the sequence and the number of packets and octets sent in this sequence for loss detection.

2. If the GCSE AS sends information packets during this time frame, they are to be buffered by the BM-SC as the new synchronisation sequence is not started.

3. When the new synchronisation sequence starts, BM-SC may start to send previously buffered information. It indicates the start of the new sequence to the eNBs by using a new timestamp in the SYNC headers.

4. GCSE AS sned additional information packets to the BM-SC.

5. And the BM-SC forward them immediately to the eNBs.

6. As the packets transmitted by the GCSE AS may suffer from jitter, the packet noted 6 which is supposed to belong to the next synchronisation sequence may arrive at one or the other of these two temporal positions.
7. Depending of the time of arrival, the packet 6 may be transmitted in the SYNC packet 7 or not. If it is transmitted in packet 7, but the size available in the MBMS container is exhausted, the packet may be silently discarded by the eNBs.

Thus, in presence of an unavoidable transport jitter, some packets may be lost due to improper time of arrival linked to the lack of knowledge by the GCSE AS of the timing of the synchronisation sequence used by the BM-SC. The impact of such packet loss may be negative and it will in general impair an efficient use of the allocated MBMS sub-frames as the application will likely keep some space unused in the MBMS bearer to make sure that such loss is unlikely.
Two ways may be proposed to improve this situation. They both extend to the GCSE AS a "virtual SYNC". A first way is presented in Figure 5a below.
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Figure 5a Improve U-plane synchronisation

If we assume that the BM-SC sends to the GCSE AS a report message similar to the report sent to the eNBs at the same time as it is sending it to the eNBs (message A), the GCSE AS is able to define an unsafe time frame (grey rectangle) during which no information shall be sent to the BM-SC and will use buffering to manage proper and deterministic scheduling of the MBMS bearer content and will allow to keep the delay C to a safe minimum.

Another way is presented in Figure 5b below;
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Figure 5b Improve U-plane synchronisation

In this case, the frames 2 and 4 from the AS to the BM-SC are encapsulated with a SYNC-like header carrying a timestamp and all these frames have a common timestamp. Frame 6 is the equivalent of the SYNC frame without data which terminates the synchronisation sequence. The corresponding synchronisation sequence between the BM-SC and the eNBs starts with message 3 and terminates with the SYNC message without data which terminates the synchronisation sequence. The proper mapping between the synchronisation sequence at the GC2 interface and at the M1 interface is managed by a common time reference and a known guard time which has to include potential transport jitter.
Proposed Conclusion: Consider the use of one of the proposed method to allow proper scheduling by the GCSE AS:

· a report message from the BM-SC to the GCSE AS sent simultaneously with the empty SYNC messages ending a synchronisation period.

· an encapsulation of the data packets sent by the BM-SC with a timestamp mapping with the timestamp of the SYNC synchronisation sequences
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