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1. Introduction
This pCR proposes a solution addressing the Key issue 10 on header compression of MBMS data. 
2. Reason for Change
2.1 Current specifications

In release 12, it has been decided during the GCSE studies not to implement header compresion on the data transmitted over the MB2-U reference point.

The MB2-U protocol stack has been defined as follows in TS 29.468, where user plane data are transparently transported between the GCS AS and the UE
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The capacity of MBMS for voice communications and possible benefits of header compression for group communication media transport has been studied by RAN in Release 12, in TR 36.868 and number of RAN2 contributions.
The conclusion was that “ROHC is not required to support group communication using MBMS. The compression gain, even though possible, would need to be traded carefully against the acceptable additional delay. If full headers are sent infrequently, this increases the media transfer delay over MBMS”.
2.2 Capacity improvement with ROHC
Obviously header compression brings visible benefits when packets are small, i.e. for voice communications where the headers represent more than 50% of the size of a packet. For video, the benefit would be almost non visible. Therefore this study only focusses on voice. It shall however be kept in mind that as soon as video communications will be added, the available bandwidth for voice communications with be drastically reduced.
Since there is no feedback from MBMS channels, the only feasible ROHC mode that can be applied in this case is Unidirectional Mode and profile 1 shall be used for IP/UDP/RTP. In Unidirectional Mode, ROHC context is refreshed periodically and a number of initialization and refresh headers (i.e. the full RTP/UDP/IP headers) must be sent periodically to ensure proper decompression. This periodicity is implementation dependent.

Capacity of MBMS for voice communications is evaluated as in TS 36.868, with the following assumptions:
1.
6 sub-frames per frame are reserved for MBSFN (maximum possible assignment as per current specifications). 

2.
The media type is VoIP (AMR 12.65 kbit/s codec).
Without header compression, each speech frame carries 20 ms of coded voice (264 bits), 40 bytes of IP/UDP/RTP headers (320 bits) and 3 bytes of MAC/RLC headers plus 2 bytes for MAC signalling (40 bits)  for a total of 624 bits every 20 ms, i.e. 31.2 kbps.
With ROHC, the IP/UDP/RTP headers can be reduced to 3 bytes (24 bits instead of 320) for a total frame size of 328 bits, i.e. 16.4 kbps. Initialisation and Refresh packets shall also be sent periodically. Such packets include the full uncompressed headers, plus an ROHC-IR header which therefore adds 5 bytes to uncompressed packets. The size of the periodic uncompressed packet is then 624+40=664 bits.
Since the full headers have to be sent periodically, the actual throughput when using ROHC varies between those two values, depending on the periodicity of the full headers transmission. We can consider different profiles:
- One full header every two frames (1/2) : the equivalent throughput is 664+328 bits every 40 ms = 24.8 kbps

- One full header every three frames (1/3) : the equivalent throughput is 664+2*328 bits every 60 ms =  22 kbps
- One full header every four frames (1/4) : the equivalent throughput is 664+3*328 bits every 80 ms =  20.6 kbps

- One full header every five frames (1/5) : the equivalent throughput is 664+4*328 bits every 100 ms =  19.76 kbps

- One full header every ten frames (1/10) : the equivalent throughput is 664+9*328 bits every 200 ms =  18.08 kbps

The capacity evaluation in TR 36.868 was considering 4 deployment cases with different spectrum efficiencies and coding schemes (with a 12 kpps AMR codec):

	Deployment
	Spectrum Efficiency
[bit/s/Hz]
	MCS
	Capacity 

[Session/MHz]

	Case 1
	3.13
	64QAM (4/5)
	49

	Case 2
	3.02
	64QAM (4/5)
	47

	Case 3
	0.99
	16QAM (1/3)
	6

	Case 4
	3.18
	64QAM (4/5)
	50


For the purpose of evaluating the benefits of hearders compression, we simplify to two cases : 

- 3.13 b/s/Hz and MCS = 64QAM (4/5) => 1502 kbps available in MBMS per 1 MHz of spectrum (3130 * 0.6 * 4/5)
- 0.99 b/s/Hz and MCS = 16QAM (1/3) => 198 kbps availble in MBMS per 1 MHz of spectrum

The capacity (number of simultaneous voice communications over MBMS per MHz of spectrum) can then be evaluated as in the following table :

	Spectrum Efficiency
[bit/s/Hz]
	MCS
	Capacity (Comms over MBMS / MHz of spectrum) for the different full headers tramsission periodicities

	
	
	1/1
	1/2
	1/3
	1/4
	1/5
	1/10

	3.13
	64QAM (4/5)
	48
	60
	68
	72
	76
	83

	0.99
	16QAM (1/3)
	6
	7
	9
	9
	10
	10


If appears that already with a periodicity of 2, there is a capacity gain of 25% with headers compression, for a degradation of the late entry performance of 20 ms maximum (so 10 ms on average). This increases to 50 % of capacity gain for a degradation of late entry performance of 60 ms maximum. (so 30 ms on average).
When looking at the capacity of MBMS for voice group communications, under congestion circumstances it could be beneficial to increase the number of simultaneous communications, at the price of degrading some late entry performances. Such circumstances will be even more likely to happen as soon as we add MCVideo in the picture, with a typical video flow being equivalent to 10 voice flows from a throughtput perspective.
2.3 Impact of header compression on peformances

TR 36.868 analyzed the time needed to join an ongoing group communication over MBMS:

Table 5.2.1.1.2-1 Time for joining an ongoing group communication estimation 
when using MRB for media delivery
(The values indicate average delays and the value in parenthesis indicates worst case delay.)

	
	Time [ms]
	comments

	Acquisition of MCCH configuration in SIB13 
	10
	Processing delay at the UE

	Average delay due to MCCH scheduling period
	160 (320)
	For MCCH Repetition period of 320ms. 

	Acquisition of MCCH and MTCH configuration for TMGI 
	10 
	Processing delay at the UE

	Average time required if acquisition of multiple MCCHs is required.
	50 (100)
	Maximum MCCH offset value is 100ms. It is assumed that the reading of multiple MCCH is performed in parallel

	Average delay due to MCH scheduling period
	40 (80)
	80ms of mch-SchedulingPeriod 

	Acquisition of MSI for the corresponding service
	5
	L1 and L2 processing at the UE

	Total time 
	275 (525) 

or

45 (85) if the 

UE has up to date  MCCH content
	The value shows the average time for joining an ongoing group communication. 


The periodicity of full headers transmission may result in some delay for users to access an ongoing communication over an MBMS bearer, since they have to wait for the reception of the full headers before being able to decompress. In fact the increased delay impacts only the late entry performances, not the users who are already listening to the MBMS bearer when the communication starts
For a periodicity of 2, the impact on late entry would be of 20 ms maximum (so keeping the average time to join below 300 ms). It obviously increases with the periodicity.
But all communications may not have the same need for late entry delay, depending e.g on their criticity or on the their length. For instance, MCPTT Emergency calls could not use header compression to ensure best possible delays, while some routine calls could use header compression with a low periodicity at the beginning of a talk spur and increase the periodicity over the talk spur duration (it becomes less important to loose the end of the sentence when you have already lost most of the beginning).

Once the communication is received (i.e. a full header has been received and decompression is correctly initialized) the impact of packet loss is not different from the loss of a packet without compression. Decompression is possible even with losses as long as no more than 62 packets (if compressed header is 2 bytes, 14 if it is 1 byte) have been lost. But if so many packets are lost, the communication will have been lost regardless of compression, and late entry mechanism will be used to re-enter the communication if possible.
The loss of a packet before the communication is received has an impact on the entry (immediate or late) if it is a packet with full header, and then the degradation depends on the periodicity of full header transmission.

2.4 Where to process header compression

Based on the observations above, the application is the best place to take the decision to compress headers and choose when to send full headers, allowing a flexible use of headers compression and control of performances degradation.

In the current specifications of the MB2-U interface, user plane data are transparently transported between the GCS AS and the UE. It allows the header compression to be processed above the MB2-U reference point, i.e. at the application layer, without any modification of the lower layers.

In addition, there is no benefits (unlike FEC) to manage header compression at the lower layers rather than than as the application layer (since no information from the physical transmission will help in the process of decompressing).

2.5 Changes to specifications to allow for ROHC header compression of data over MBMS

To allow for header compression managed and processed at the application layer the following changes are needed :

-
add the ROHC component in the media distribution function in the MCPTT server and in media mixer in the MCPTT UE (over MCPTT-8)   
-
add the information about ROHC in the MBMS bearer announcement message (context identifier ranges, compression profiles) for MBMS bearers which will support header compression.
-
specify the processing of received data packets over MBMS in the MCPTT UE to take possible header compression into account
No modification of lower layers in the EPC or in RAN is needed.

3. Conclusions

It is recommended to add the capability of having headers compression based on ROHC for MCPTT communications over MBMS and to process such compression at the application layer, leaving to the application’s implementation the decision to compress and the related parameters such as the periodicity of full headers transmission so that compression decision can be taken based on the (instantaneous) communications situation.

4. Proposal

The following sections are proposed to be added to TR 23.780 to describe this solution to Key issue 10 :

* * * First Change * * * *

6.X
Solution 10-1 : Header compression of MBMS data

6.X.1
Introduction

This solution adresses key issue 10 and describes how header compression of MBMS data can be applied to MCPTT group communications delivered over MBMS.

Header compression aims at reducing the bandwidth required for a voice communication to allow for capacity increase of the MCPTT system.

The solution focusses only on MCPTT since header compression is beneficial for flows of small packets, but provides almost only marginal gain when packets become bigger like in video streams.

The header compression proposed is based on ROHC, as specified in RFC 5795 and RFC 3095 amended by RFC 4815.

6.X.2
Capacity improvements with ROHC

Headers compression brings visible benefits when packets are small, i.e. for voice communications where the headers represent more than 50% of the size of a packet. For video, the benefit would be almost non visible. Therefore this study only focusses on voice. It shall however be kept in mind that as soon as video communications will be added, the available bandwidth for voice communications with be drastically reduced.

Since there is no feedback from MBMS channels, the only feasible ROHC mode that can be applied in this case is Unidirectional Mode and profile 1 shall be used for IP/UDP/RTP. In Unidirectional Mode, ROHC context is refreshed periodically and a number of initialization and refresh headers (i.e. the full RTP/UDP/IP headers) must be sent periodically to ensure proper decompression. This periodicity is implementation dependent.

Capacity of MBMS for voice communications is evaluated as in TR 36.868, with the following assumptions:

1.
6 sub-frames per frame are reserved for MBSFN (maximum possible assignment as per current specifications). 

2.
The media type is VoIP (AMR 12.65 kbit/s codec).
Without header compression, each speech frame carries 20 ms of coded voice (264 bits), 40 bytes of IP/UDP/RTP headers (320 bits) and 3 bytes of MAC/RLC headers plus 2 bytes for MAC signalling (40 bits), for a total of 624 bits every 20 ms, i.e. 31.2 kbps.

With ROHC, the IP/UDP.RTP headers can be reduced to 3 bytes (24 bits instead of 320) for a total frame size of 328 bits, i.e. 16.4 kbps. Initialisation and Refresh packets shall also be sent periodically. Such packets includes the full uncompressed headers, plus an ROHC-IR header which therefore adds 5 bytes to unceompressed packets. The size of the periodic uncompressed packet is then 624+40=664 bits.

Since the full headers have to be sent periodically, the actual throughput when using ROHC varies between those two values, depending on the periodicity of the full headers transmission. We can consider different profiles:
- One full header every two frames (1/2) : the equivalent throughput is 664+328 bits every 40 ms = 24.8 kbps
- One full header every three frames (1/3) : the equivalent throughput is 664+2*328 bits every 60 ms =  22 kbps
- One full header every four frames (1/4) : the equivalent throughput is 664+3*328 bits every 80 ms =  20.6 kbps
- One full header every five frames (1/5) : the equivalent throughput is 664+4*328 bits every 100 ms =  19.76 kbps
- One full header every ten frames (1/10) : the equivalent throughput is 664+9*328 bits every 200 ms =  18.08 kbps

The capacity evaluation in TR 36.868 was considering 4 deployment cases with different spectrum efficiencies and coding schemes (with a  12kbps AMR codec):

	Deployment
	Spectrum Efficiency
[bit/s/Hz]
	MCS
	Capacity 

[Session/MHz]

	Case 1
	3.13
	64QAM (4/5)
	49

	Case 2
	3.02
	64QAM (4/5)
	47

	Case 3
	0.99
	16QAM (1/3)
	6

	Case 4
	3.18
	64QAM (4/5)
	50


For the purpose of evaluating the benefits of hearders compression, we simplify to two cases : 

- 3.13 b/s/Hz and MCS = 64QAM (4/5) => 1502 kbps available in MBMS per 1 MHz of spectrum (3130 * 0.6 * 4/5)

- 0.99 b/s/Hz and MCS = 16QAM (1/3) => 198 kbps availble in MBMS per 1 MHz of spectrum

The capacity (number of simultaneous voice communications over MBMS per MHz of spectrum) can then be evaluated as in the following table :

	Spectrum Efficiency
[bit/s/Hz]
	MCS
	Capacity (Comms over MBMS / MHz of spectrum) for the different full headers tramsission periodicities

	
	
	1/1
	1/2
	1/3
	1/4
	1/5
	1/10

	3.13
	64QAM (4/5)
	48
	60
	68
	72
	76
	83

	0.99
	16QAM (1/3)
	6
	7
	9
	9
	10
	10


If appears that already with a periodicity of 2, there is a capacity gain of 25% with headers compression, for a degradation of the late entry performance of 20 ms maximum (so 10 ms on average). This increases to 50 % of capacity gain for a degradation of late entry performance of 60 ms maximum. (so 30 ms on average).

When looking at the capacity of MBMS for voice group communications, under congestion circumstances it could be beneficial to increase the number of simultaneous communications, at the price of degrading some late entry performances. Such circumstances will be even more likely to happen as soon as we add MCVideo in the picture, with a typical video flow being equivalent to 10 voice flows from a throughtput perspective.

6.X.3
Impact on performances

TR 36.868 analyzed the time needed to join an ongoing group communication over MBMS:

Table 5.2.1.1.2-1 Time for joining an ongoing group communication estimation 
when using MRB for media delivery
(The values indicate average delays and the value in parenthesis indicates worst case delay.)

	
	Time [ms]
	comments

	Acquisition of MCCH configuration in SIB13 
	10
	Processing delay at the UE

	Average delay due to MCCH scheduling period
	160 (320)
	For MCCH Repetition period of 320ms. 

	Acquisition of MCCH and MTCH configuration for TMGI 
	10 
	Processing delay at the UE

	Average time required if acquisition of multiple MCCHs is required.
	50 (100)
	Maximum MCCH offset value is 100ms. It is assumed that the reading of multiple MCCH is performed in parallel

	Average delay due to MCH scheduling period
	40 (80)
	80ms of mch-SchedulingPeriod 

	Acquisition of MSI for the corresponding service
	5
	L1 and L2 processing at the UE

	Total time 
	275 (525) 

or

45 (85) if the 

UE has up to date  MCCH content
	The value shows the average time for joining an ongoing group communication. 


The periodicity of full headers transmission may result in some delay for users to access an ongoing communication over an MBMS bearer, since they have to wait for the reception of the full headers before being able to decompress. In fact the increased delay impacts only the late entry performances, not the users who are already listening to the MBMS bearer when the communication starts

For a periodicity of 2, the impact on late entry would be of 20 ms maximum (so keeping the average time to join below 300 ms). It obviously increases with the periodicity.

But all communications may not have the same need for late entry delay, depending e.g on their criticity or on the their length. For instance, MCPTT Emergency calls could not use header compression to ensure best possible delays, while some routine calls could use header compression with a low periodicity at the beginning of a talk spur and increase the periodicity over the talk spur duration (it becomes less important to loose the end of the sentence when you have already lost most of the beginning).

Once the communication is received (i.e. a full header has been received and decompression is correctly initialized) the impact of packet loss is not different from the loss of a packet without compression. Decompression is possible even with losses as long as no more than 62 packets (if compressed header is 2 bytes, 14 if it is 1 byte) have been lost. But if so many packets are lost, the communication will have been lost regardless of compression, and late entry mechanism will be used to re-enter the communication if possible.
The loss of a packet before the communication is received has an impact on the entry (immediate or late) if it is a packet with full header, and then the degradation depends on the periodicity of full header transmission.

6.X.4
Architecture with ROHC

Based on the observations above, the application is the best place to take the decision to compress headers and choose when to send full headers, allowing a flexible use of headers compression and control of performances degradation.

In the current specifications of the MB2-U interface, user plane data are transparently transported between the GCS AS and the UE. It allows the header compression to be processed above the MB2-U reference point, i.e. at the application layer, without any modification of the lower layers.

In addition, there is no benefits (unlike FEC) to manage header compression at the lower layers rather than than as the application layer (since no information from the physical transmission will help in the process of decompressing).

6.X.5
Impact on existing nodes and functionality

To allow for headers compression managed and processed at the application layer the following changes are needed :

-
Add the ROHC component in the media distribution function in the MCPTT server and in media mixer in the MCPTT UE (over MCPTT-8)
-
Add the information about ROHC in the MBMS bearer announcement message (context identifier ranges, compression profiles) for MBMS bearers (TMGIs) which will support header compression
-
Specify the processing of received data packets over MBMS in the MCPTT UE to take possible header compression into account

No modification of lower layers in the IMS, in the EPC or in RAN is needed.

6.X.6
Solution evaluation

The solution allows to add headers compression for media streams transported over MBMS, as an option, when needed, and under full control by the application.
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