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1. Introduction

The introduction of IMS in release 5 will provide the ability to support voice calls in the PS domain. This will require a number of changes in the RAN, and two areas are discussed in this paper, i) Unequal Error Protection (UEP), and ii) RTP/UDP/IP header compression.

Unequal error protection is currently supported for CS domain speech calls in Iu_cs interface through the concept of RAB subflows, and Iu support mode.  The RAN then codes these subflows differently before transporting them on the air.

PDCP in RNC supports header compression for PS domain calls. It currently supports RFC 2507 Header Compression.

This paper discusses the advantages and impacts of UEP and Header Compression for voice calls originating from the PS domain (i.e. from IMS).

2. Unequal Error Protection

The perceived need for UEP is two fold, 

i) to provide greater protection for the more important class bits i.e. the Class A over the air interface

ii) optimise/minimise the air interface bandwidth 

2.1. Downlink

The following table summarises the existing UEP case for Downlink

	
	TrCh#a
	TrCh#b
	TrCh#c
	DCCH (40 ms TTI)

	Transport block size
	81
	103
	60
	148

	CRC attachment (12 bits TrCh#a)
	93
	103
	60
	164

	Tail bit attachment
	101
	111
	68
	172

	Convolutional coding (1/3 TrCh#a & TrCh#b, 1/2 TrCh#c)
	303
	333
	136
	516

	

	Totals:
	772

	TOTAL (per 20-ms TTI):
	1030

	Max bits (per TTI, slot format 8) 
	1020


2.2. Uplink

The following table summarises the existing UEP case for Uplink

	
	TrCh#a
	TrCh#b
	TrCh#c
	DCCH (40 ms TTI)

	Transport block size
	81
	103
	60
	148

	CRC attachment (12 bits TrCh#a)
	93
	103
	60
	164

	Tail bit attachment
	101
	111
	68
	172

	Convolutional coding (1/3 TrCh#a & TrCh#b, 1/2 TrCh#c)
	303
	333
	136
	516

	

	Totals:
	772

	TOTAL (per 20-ms TTI):
	1030

	Max bits (per TTI, slot format 2) 
	1200


3. IMS Voice Calls 

When the IMS is supported then a terminal first initiates a session to the PS domain i,e, a PDP Context is activated. This context (or possibly another dedicated PDP context) will be used for call control signalling to the IMS subsystem using SIP (RFC2543bis).

3.1. Signalling

In IMS SIP/SDP is used to set up a bearer between two terminals, and this bearer will utilise another PDP context (primary or secondary could be used). 

However the SIP signalling context will most likely require special treatment. SIP/SDP messages can be large, hence transporting them on the air could introduce a significant delay. This is especially true when the requirements fro a signaling channel are considered, i.e.

Guaranteed delivery

In-order delivery

Low error rate

These will all add requirements e.g. to RLC and channel coding, that will tend to increase delays.

These delays will directly affect call set up times, and should be minimised.

It is clear that some sort of SIP compression should be provided, but that this will be done between UE and P-CSCF and hence has no impact on the radio network.

3.2. Bearer

For an IMS speech call the media will be carried using AMR within RTP/UDP/IP. It is also possible for other speech codecs to be selected in SIP/SDP, but AMR is assumed here.

The need for UEP is a problem for this bearer as the AMR frames (and Class A, B and C bits) are not visible in the Access Stratum protocols, they are only visible at the application layer. In order to implement UEP for these bearers it would require the RAN (specifically the RNC) to operate outside of the Access Stratum.

The following sections analyse a scenario where no UEP is assumed, but increased performance is gained from RTP/UDP/IP header compression.

3.2.1. Downlink

The following table summarises the bit rates etc. for a 20ms AMR frame using RTP/UDP/IP transport in the Downlink, assuming 4 bytes for RTP per packet (based on RFC2507 header compression).

The assumption here is that no UEP is applied, and that the AMR frame is treated as a whole with 1/3 rate convolutional coding plus CRC applied to the whole frame.

	
	TrCh#a
	DCCH
	Required rate matching
	Comments

	High layer protocol overhead
	48
	0
	
	RTP/UDP/IP = 4 bytes, PDCP = 1 byte, RLC-UM = 1 byte, MAC = 0 bytes

	Transport block size
	244
	148
	
	

	CRC attachment (12 bits TrCh#a)
	304
	164
	
	CRC is applied to larger set of data (292 bits instead of 81 bits). More errors could drive somewhat higher the SIRtarget

	Tail bit attachment
	312
	172
	
	

	Convolutional coding (1/3 TrCh#a)
	936
	516
	
	

	

	Totals:
	936
	258
	0
	

	TOTAL (per TTI):
	1194
	
	
	

	Max bits (per TTI, slot format 8) 
	1020
	
	-14.57%
	This is the same as the current slot format. The required puncturing is prohibiting. (Note: CS configuration performs repetition at 11%) 

	Max bits (per TTI, slot format 12)
	1800
	
	50.75%
	Code tree limitation is a significant problem. Compressed mode could be a problem if only CM by SF reduction is supported


The following table summarises the bit rates etc. for a 20ms AMR frame using RTP/UDP/IP transport in the Downlink, assuming 0 bytes for RTP per packet based on Internet draft draft-ietf-rohc-rtp-0-byte-requirements-02.txt and draft-ietf-rohc-rtp-lla-02.txt

The assumption here is the no UEP is applied, and that the AMR frame is treated as a whole with 1/3 rate convolutional coding plus CRC applied to the whole frame.

This also assumes that compression is not provided by PDCP (hence no PDCP header).

	
	TrCh#a
	DCCH
	Required rate matching
	Comments

	High layer protocol overhead
	8
	0
	
	RTP/UDP/IP = 0 bytes, PDCP = 0 byte, RLC-UM = 1 byte, MAC = 0 bytes

	Transport block size
	244
	148
	
	

	CRC attachment (12 bits TrCh#a)
	264
	164
	
	CRC is applied to larger set of data (292 bits instead of 81 bits). More errors could drive somewhat higher the SIRtarget

	Tail bit attachment
	272
	172
	
	

	Convolutional coding (1/3 TrCh#a)
	816
	516
	
	

	

	Totals:
	816
	258
	0
	

	TOTAL (per TTI):
	1074
	
	
	

	Max bits (per TTI, slot format 8) 
	1020
	
	-5.03%
	This is the current slot format. The required puncturing is acceptable. (Note: CS configuration performs repetition at 11%) 

	Max bits (per TTI, slot format 12 (SF = 64)) 
	1800
	
	67.60%
	Code tree limitation is a significant problem. Compressed mode could be a problem if only CM by SF reduction is supported


It can be concluded from the two tables above that if UEP is not applied then an increase in performance is needed from the PDCP layer (see previous comment compression is not provided by PDCP) to compensate for the additional bandwidth used when equal error protection is applied to the whole AMR frame.

3.2.2. Uplink

The following table summarises the bit rates etc. for a 20ms AMR frame using RTP/UDP/IP transport in the uplink, assuming 4 bytes for RTP per packet (based on RFC2507 header compression.

The assumption here is the no UEP is applied, and that the AMR frame is treated as a whole with 1/3 rate convolutional coding plus CRC applied to the whole frame.

	
	TrCh#a
	DCCH
	Required rate matching
	Comments

	High layer protocol overhead
	48
	0
	
	RTP/UDP/IP = 4 bytes, PDCP = 1 byte, RLC-UM = 1 byte, MAC = 0 bytes

	Transport block size
	244
	148
	
	

	CRC attachment (12 bits TrCh#a)
	304
	164
	
	CRC is applied to larger set of data (292 bits instead of 81 bits). More errors could drive somewhat higher the SIRtarget

	Tail bit attachment
	312
	172
	
	

	Convolutional coding (1/3 TrCh#a)
	936
	516
	
	

	

	Totals:
	936
	258
	0
	

	TOTAL (per TTI):
	1194
	
	
	

	Max bits (per TTI, slot format 2) 
	1200
	
	0.50%
	This is the current slot format. (Note: CS configuration performs repetition at 30%) 

	Max bits (per TTI, slot format 3) 
	2400
	
	101.01%
	Not really required


The following table summarises the bit rates etc. for a 20ms AMR frame using RTP/UDP/IP transport in the upllink, assuming 0 bytes for RTP per packet based on Internet draft XXXXXXXXXXXXXXXXXXXX.

The assumption here is the no UEP is applied, and that the AMR frame is treated as a whole with 1/3 rate convolutional coding plus CRC applied to the whole frame.

	
	TrCh#a
	DCCH
	Required rate matching
	Comments

	High layer protocol overhead
	8
	0
	
	RTP/UDP/IP = 0 bytes, PDCP = 0 byte, RLC-UM = 1 byte, MAC = 0 bytes

	Transport block size
	244
	148
	
	

	CRC attachment (12 bits TrCh#a)
	264
	164
	
	CRC is applied to larger set of data (292 bits instead of 81 bits). More errors could drive somewhat higher the SIRtarget

	Tail bit attachment
	272
	172
	
	

	Convolutional coding (1/3 TrCh#a)
	816
	516
	
	

	

	Totals:
	816
	258
	0
	

	TOTAL (per TTI):
	1074
	
	
	

	Max bits (per TTI, slot format 2) 
	1200
	
	11.73%
	This is the current slot format. (Note: CS configuration performs repetition at 30%) 

	Max bits (per TTI, slot format 3) 
	2400
	
	123.46%
	Not really required


These two tables show that in the uplink there is no issue related to the use of UEP i.e. if it is not used then the current channel bandwidths can still be used.

4. RTP Header Compression

The RTP header compression proposed in reference 4 shows a reduction to 0 bytes for most of the time. It does however require the sending of a full header on occasions (e.g. at least the first header must be a full one). Clearly, when this full header is sent the packet will not fit in the channel as analysed in the previous sections.

Consequently it will require more than one 20ms slot to transport the expanded packet. It is proposed that this could be accommodated by dropping the following speech frame.

5. RTCP Considerations

RTP includes the transport of control frames within the bearer path. These RTCP frames would also not necessarily fit into a 20ms radio frame with the channel as analysed above. It would be dependent on the number of terminals involved in the call and other factors. However, these RTCP packets are sent infrequently and it is proposed that they could be sent in quiet (DTX) periods for speech, hence they would not impact the speech frames. 

6. Conclusion

It can be seen from the analysis provided that the introduction of additional header compression can compensate for the additional bandwidth added due to using 1/3 rate coding plus CRC across the whole AMR frame. It is proposed that RAN2 progress the work to support IMS such that the header compression technique of reference 4 is adopted for RTP streams. 

This will allow the development of UEP for the IMS to be decoupled from the air interface requirements.

