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1. Introduction

At the last Ran2 meetings several contributions on how to optimise transmission of conversational IMS services have been presented. Siemens proposed to use the secondary scrambling code for transmission of uncompressed RTP headers and SIP messages [1], [2]. The use of the SSC in downlink provides immediate bandwidth for infrequent packets without delaying or stealing speech frames and without contributing to code shortage.

This paper shows the proper RAB combinations, so that most of the time only the primary scrambling code will be used for transmission while on the secondary scrambling code nothing will be transmitted by using DTX.  The usage of the SSC is limited to the rare cases of uncompressed headers and mid-call SIP signalling. 

2. Assumptions

The target of the RAB optimisation is to transmit

· RTP packets with compressed header on the primary scrambling code

· RTP packets with uncompressed header on primary and secondary scrambling code

· RTCP packets on a separate RAB in silence periods, on primary scrambling code
· SIP packets at call set up on the primary scrambling code
· Mid-call and call release SIP signalling on the secondary (and possibly primary) scrambling code
The definition of the RAB/RBs is based on the following assumptions:

·  IP v6 protocol

· ROHC reliable mode for RTP

· No ROHC for RTCP

· UDP checksum disabled

· PDCP No-header-PDU

· RTCP transmission on a separate 16 kbps RAB

· SIP transmission on a separate 16 kbps RAB

· SRB: 3.4 kbps

Most likely, RTCP is not mandatory for point-to-point connections. For these cases RTCP might be turned off. However, since there might be applications that do require RTCP we propose a separate 16 kbps RAB for RTCP. With the proper transport format combination set in combination with standard priority handling in MAC, RTCP packets will automatically be transmitted in silence periods.

SIP packets can be quite large (approx. 7500 byte for session set-up, [3]) and therefore we propose a RAB of 16 kbps   to reduce transmission delay. SIP packets are mainly transmitted at session set-up and session release.   However, SIP messages might also occur within a session. By using the secondary scrambling code, SIP signalling can be transmitted with high data rate and low delay in parallel to compressed RTP packets without affecting speech transmission.

3. RLC PDU sizes

RTP/UDP/IPv6 packet uncompressed: 99 byte

32 byte AMR RTP payload

61 byte uncompressed RTP/UPD/IPv6 header

3 byte for ROHC feedback

1 byte UMD header

2 byte for LI

RTP/UDP/IPv6 packet compressed : 40 byte

32 byte AMR RTP payload

1 byte compressed RTP/UDP/IPv6 header

1 byte in addition for R0-CRC header

3 byte for ROHC feedback

1 byte UMD header

2 byte for LI

RTCP packet uncompressed: 140 byte (136 byte acc. to [4] + 4 byte RLC overhead)

Note that the RTCP size may vary and can therefore be even larger than 136 bytes. However, since RTCP packets are not time critical RAB optimisation for RTCP transmission is not taken into account within this paper.

4. Supported RAB combinations

The RAB/RB combination shall support:

· Stand-alone UL:3,4 kbps DL:3,4 kbps SRBs for DCCH;

· Stand-alone UL:3,4 kbps DL:3,4 kbps SRBs for DCCH +

Signalling UL:16 kbps DL:16 kbps PS RAB for SIP

· Stand-alone UL:3,4 kbps DL:3,4 kbps SRBs for DCCH + 

Signalling UL:16 kbps DL:16 kbps PS RAB for SIP + 

Conversational UL:39.2 kbps DL:39.2 kbps PS RAB for RTP

· Stand-alone UL:3,4 kbps DL:3,4 kbps SRBs for DCCH + 

Signalling UL:16 kbps DL:16 kbps PS RAB for SIP +

Conversational UL:39.2 kbps DL:39.2 kbps PS RAB for RTP + 

I/B UL:16 kbps DL:16 kbps PS RAB for RTCP

Details are given in the following sections.

5. RAB definition

5.1 Stand-alone UL:3,4 kbps DL:3,4 kbps SRBs for DCCH
See [5]

5.2 Conversational UL:39.2 kbps DL:39.2 kbps PS RAB for RTP + I/B UL: 16kbps DL: 16kbps PS RAB for RTCP + I/B UL:16 kbps DL:16 kbps PS RAB for SIP + UL:3,4 kbps DL:3,4 kbps SRBs for DCCH  
5.2.1 Uplink

5.2.1.1 TrCH parameters

TrCH parameters for RTP:

	Higher

Layer
	RAB/Signalling RB
	RAB

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	UM

	
	Payload sizes, bit
	784 (for IR header)

312 (for compressed header)

	
	Max data rate, bps
	39200

	
	UMD PDU header, bit
	8

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	792

320

	
	TFS
	TF0, bits
	0x792

	
	
	TF1, bits
	1x320

	
	
	TF2, bits
	1x792

	
	TTI, ms
	20

	
	Coding type
	TC

	
	CRC, bit
	16

	
	Max number of bits/TTI after channel coding
	2436

	
	Uplink: Max number of bits/radio frame before rate matching
	1218

	
	RM attribute
	  180 - 220 


TrCH parameters for RTCP and SIP:

See also [5] 6.10.2.4.1.23b.1.1.1
Transport channel parameters for Interactive or background / UL:16 kbps / PS RAB

	Higher

layer
	RAB/Signalling RB
	RAB

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	AM

	
	Payload sizes, bit
	320

	
	Max data rate, bps
	16000

	
	AMD PDU header, bit
	16

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	336

	
	TFS
	TF0, bits
	0x336

	
	
	TF1, bits
	1x336

	
	
	TF2, bits
	2x336

	
	TTI, ms
	40

	
	Coding type
	TC

	
	CRC, bit
	16

	
	Max number of bits/TTI after channel coding
	2124

	
	Uplink: Max number of bits/radio frame before rate matching
	531

	
	RM attribute
	135-175


5.2.1.2 TFCS

	TFCS size
	26

	TFCS
	(DCCH, 39,2 kbps RAB, 16 kbps RAB, 16 kbps RAB) = (TF0, TF0, TF0, TF0), (TF1, TF0, TF0, TF0), (TF0, TF1, TF0, TF0), (TF0, TF2, TF0, TF0), (TF0, TF0, TF1, TF0), (TF0, TF0, TF2, TF0), (TF0, TF0, TF0, TF1), (TF0, TF0, TF0, TF2), (TF1, TF1, TF0, TF0), (TF1, TF2, TF0, TF0), (TF1, TF0, TF1, TF0), (TF1, TF0, TF2, TF0), (TF1, TF0, TF0, TF1), (TF1, TF0, TF0, TF2), (TF0, TF1, TF0, TF1), (TF0, TF1, TF0, TF2), (TF0, TF0, TF1, TF1), (TF0, TF0, TF2, TF1), (TF0, TF0, TF1, TF2), (TF0, TF0, TF2, TF2), (TF1, TF1, TF0, TF1), (TF1, TF1, TF0, TF2), (TF1, TF0, TF1, TF1), (TF1, TF0, TF2, TF1), (TF1, TF0, TF1, TF2), (TF1, TF0, TF2, TF2)


5.2.1.3 PHY CH parameters

	DPCH Uplink
	Min spreading factor
	32

	
	Max number of DPDCH data bits/radio frame
	1200

	
	Puncturing Limit
	0,88


5.2.2 Downlink

5.2.2.1 TrCH parameters

TrCH parameters for RTP:

	Higher

layer
	RAB/Signalling RB
	RAB

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	UM

	
	Payload sizes, bit
	776

312

	
	Max data rate, bps
	39200

	
	UMD PDU header, bit
	8

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	792

320

	
	TFS
	TF0, bits
	0x792

	
	
	TF1, bits
	1x320

	
	
	TF2, bits
	1x792

	
	TTI, ms
	20

	
	Coding type
	TC

	
	CRC, bit
	16

	
	Max number of bits/TTI after channel coding
	2436

	
	RM attribute
	180 - 220


TrCH parameters for RTCP and SIP:

See also [5] 6.10.2.4.1.23b.2.1.1
Transport channel parameters for Interactive or background / DL:16 kbps / PS RAB

	Higher

layer
	RAB/Signalling RB
	RAB

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	AM

	
	Payload sizes, bit
	320

	
	Max data rate, bps
	16000

	
	AMD PDU header, bit
	16

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	336

	
	TFS
	TF0, bits
	0x336

	
	
	TF1, bits
	1x336

	
	
	TF2, bits
	2x336

	
	TTI, ms
	40

	
	Coding type
	TC

	
	CRC, bit
	16

	
	Max number of bits/TTI after channel coding
	2124

	
	RM attribute
	135-175


5.2.2.2 TFCS

	TFCS size
	26

	TFCS
	(DCCH, 39,2 kbps RAB, 16 kbps RAB, 16 kbps RAB) = (TF0, TF0, TF0, TF0), (TF1, TF0, TF0, TF0), (TF0, TF1, TF0, TF0), (TF0, TF2, TF0, TF0), (TF0, TF0, TF1, TF0), (TF0, TF0, TF2, TF0), (TF0, TF0, TF0, TF1), (TF0, TF0, TF0, TF2), (TF1, TF1, TF0, TF0), (TF1, TF2, TF0, TF0), (TF1, TF0, TF1, TF0), (TF1, TF0, TF2, TF0), (TF1, TF0, TF0, TF1), (TF1, TF0, TF0, TF2), (TF0, TF1, TF0, TF1), (TF0, TF1, TF0, TF2), (TF0, TF0, TF1, TF1), (TF0, TF0, TF2, TF1), (TF0, TF0, TF1, TF2), (TF0, TF0, TF2, TF2), (TF1, TF1, TF0, TF1), (TF1, TF1, TF0, TF2), (TF1, TF0, TF1, TF1), (TF1, TF0, TF2, TF1), (TF1, TF0, TF1, TF2), (TF1, TF0, TF2, TF2)


5.2.2.3 PHY CH parameters

The data rate of 39.2 kbps is achieved by the use of multicode transmission on the primary and secondary scrambling code
	DPCH Downlink on primary SC
	DTX position
	Flexible

	
	Minimum spreading factor
	128

	
	DPCCH
	Number of TFCI bits/slot
	2

	
	
	Number of TPC bits/slot
	2

	
	
	Number of Pilot bits/slot
	4

	
	DPDCH
	Number of data bits/slot
	32

	
	
	Number of data bits/frame
	480


	DPCH Downlink on secondary SC
	DTX position
	Flexible

	
	Minimum spreading factor
	128

	
	DPCCH
	Number of TFCI bits/slot
	2

	
	
	Number of TPC bits/slot
	2

	
	
	Number of Pilot bits/slot
	4

	
	DPDCH
	Number of data bits/slot
	32

	
	
	Number of data bits/frame
	480


Note: DTX is used for the DPCCH on the secondary SC.

6. Result

SRB: Max number of bits/radio frame before rate matching = 129

RTP uncompressed: Max number of bits/radio frame before rate matching = 1218

RTP compressed: number of bits/radio frame before rate matching = 510

RTCP: Max number of bits/radio frame before rate matching = 531

SIP: Max number of bits/radio frame before rate matching = 531

In Uplink SF 32 and in Downlink two physical channels of SF 128 each are used.

With the assumption of RM attributes 200 for SRB and RTP and 155 for SIP and RTCP the distribution of bits to the physical channels is as follows: (DCCH, 38,8 kbps RAB, 16 kbps RAB for RTCP, 16 kbps RAB for SIP)
(TF0, TF0, TF0, TF0): no problem

(TF1, TF0, TF0, TF0): PSC only

(TF0, TF1, TF0, TF0): PSC only

(TF1, TF1, TF0, TF0): PSC only

(TF0, TF2, TF0, TF0): PSC + 388 bits on SSC … uncompressed RTP packet

(TF1, TF2, TF0, TF0): PSC + 480 bits on SSC … SRB + uncompressed RTP packet, worst case

(TF0, TF0, TF1, TF0): PSC only 

(TF1, TF0, TF1, TF0): PSC only 

(TF0, TF0, TF2, TF0): PSC only

(TF1, TF0, TF2, TF0): PSC only

(TF0, TF0, TF0, TF1): PSC only 

(TF1, TF0, TF0, TF1): PSC only

(TF0, TF0, TF0, TF2): PSC only

(TF1, TF0, TF0, TF2): PSC only

(TF0, TF1, TF0, TF1): PSC + 31 bits on SSC … compressed RTP packet + SIP  

(TF1, TF1, TF0, TF1): PSC + 123 bits on SSC … SRB + compressed RTP packet + SIP  

(TF0, TF1, TF0, TF2): PSC + 176 bit on SSC … compressed RTP packet + SIP

(TF1, TF1, TF0, TF2): PSC + 268 bit on SSC … SRB + compressed RTP packet + SIP
(TF0, TF0, TF1, TF1): PSC only  

(TF1, TF0, TF1, TF1): PSC only  

(TF0, TF0, TF1, TF2): PSC only  

(TF1, TF0, TF1, TF2): PSC + 53 bit on SSC … SRB + RTCP packet + SIP  

(TF0, TF0, TF2, TF1): PSC only 

(TF1, TF0, TF2, TF1): PSC + 53 bit on SSC … SRB + RTCP packet + SIP

(TF0, TF0, TF2, TF2): PSC + 106 bit on SSC … RTCP packet + SIP

(TF1, TF0, TF2, TF2): PSC + 198 bit on SSC … SRB + RTCP packet + SIP

7. Conclusion

We have shown in our paper, that the use of the SSC in combination with the proper RAB/RB definitions allows efficient transmission of VoIMS services.  A spreading factor of 128 on the Primary SC is sufficient for RTP/UPD/Ipv6 transmission and comparable to the resource allocation for CS voice. A spreading factor of 128 on the Secondary SC allows for transmissions of infrequent SIP packets and uncompressed ROHC packets. The RAB combination shows that mid-call SIP messages can be transmitted in parallel to compressed RTP packets without delaying or stealing packets.

	RAB combination
	PSC
	SSC

	Compressed RTP + SRB
	X
	

	SIP + SRB 
	X
	

	RTCP + SRB 
	X
	

	Uncompressed RTP + SRB 
	X
	X

	Compressed RTP + SIP + SRB 
	X
	X (only partially used)


It can be seen, that the usage of the SSC is restricted to very few transport format combinations that furthermore are not very frequent/likely during a call. Thus the additional interference can be kept to a minimum. The SSC can be seen as a fallback solution for unlikely events and to ensure compatibility with all possible applications.
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