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1. Introduction

Work is ongoing in RAN2 on IMS (IP Multimedia Subsystem). The target is to define optimized RABs that enable transmission of conversational services with RTP/UDP/IP protocols. The transmission of IMS in the downlink requires the multiplexing of up to four transport channels, whose instantaneous activity can vary on a TTI basis, leading to significant data rate variations.

It would be wasteful to allocate the physical resource in a fixed manner, catering for the worst-case data burst. Instead, it is proposed that the IMS CCTrCH is mapped onto two physical channels, DPCH1 (under the PSC) and DPCH2 (under an SSC). Only one physical channel, DPCH1, remains active during the majority of the transmission. DPCH2 is used relatively rarely to ‘top up’ the available resources, for example in the case when an uncompressed RTP header is needs to be transmitted. The advantage of this proposal is the fact that no extra code resources need to be allocated to handle the bursty IMS traffic, i.e. both the DPCH1 and DPCH2 can use the same channelization code, avoiding code exhaustion. Typically, the physical channel under the SSC will experience a high level of intracell interference from other transmissions under the PSC. To counteract this problem, an extra power offset, 
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 is introduced between DPCH2 and DPCH1, that is set by the Node B. The setting of this power offset is left to the implementation.

In this paper, we present the first set of simulation results of SSCs for IMS (also presented in [1]). The instantaneous power increase for 1% BLER is shown to vary between 2% and 3% when the SSC is used, compared to the reference scenario which maps both the DPCH1 and DPCH2 onto different OVSF codes under the PSC. Since the activity of the SSC is expected to be very small – less than 2% – we believe the proposed solution to be viable.

2. Simulation Parameters

Up to four transport channels can be multiplexed onto two DPCH1 and DPCH2, namely:

· TrCH1: SRB (maximum data rate 3.4 kbps)

· TrCH2: RTP speech (maximum data rate 39.2 kbps with uncompressed RTP packets, lower rate with compressed RTP packets)

· TrCH3: RTCP (maximum data rate 16 kbps)

· TrCH4: SIP (maximum data rate 16 kbps).

However, it should be noted that not all of the above are active simultaneously, and the sections below describe a small set of IMS TFCs that is likely to be of most relevance in practice.

For the physical channels DPCH1 and DPCH2, SF128 and slot format 9 is used. With this format, 480 bits per frame are available for payload (for each physical channel).

The transport formats can be found in the Annex, and the precise radio bearer definitions can be found in [2].

2.1. TFC1

This scenario occurs when the following transport formats are selected for the transport channels:

(TrCH1, TrCH2, TrCH3, TrCH4) = (TF1, TF1, TF0, TF0)

The following number of bits is offered to L1 per radio frame:

(148/4, 320/2, 0*336/4, 0*336/4) = (37, 160, 0, 0)

This TFC represents transmission of SRB packets in parallel to compressed RTP packets. The active transport channels are mapped onto DPCH1 under PSC, and DPCH2 is DTX-ed. The rate matching attributes for (TrCH1, TrCH2) were set to (192, 200), giving (372, 774) bits per TTI and a coding rate of (0.44086, 0.43411) respectively. A 16 bit CRC is attached to each TrCH.

TFC1 can be considered reference in the sense that it is expected to be active most of the time for IMS speech. The usage of other TFCs is limited to a small percentage of the transmission time.

The block diagram of the simulation setup for TFC1 is shown in figure 1(a).
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Figure 1  Simulator setup for TFC1 (a) and TFC2 (b).

2.2. TFC2

This is the worst case scenario in terms of the number of bits supplied to the physical layer. It occurs when the following transport formats are selected on the transport channels:

(TrCH1, TrCH2, TrCH3, TrCH4) = (TF1, TF2, TF0, TF0)

The following number of bits is offered to L1 per radio frame:

(148/4, 792/2, 0*336/4, 0*336/4) = (37, 396, 0, 0)

This TFC represents transmission of SRB packets in parallel to uncompressed RTP packets. (Because of the limited available data rate a simultaneous transmission of TrCH2 and TrCH3 independent of their TF, as well as simultaneous transmission of TrCH2 with TF2 and TrCH4 with TF1 or TF2 is not possible.) The active transport channels are mapped onto two physical channels, DPCH1 (under the PSC) and DPCH2 (under an SSC). Thus, TrCH1 is carried fully on DPCH1 and TrCH2 is carried on both physical channels. Both the DPCH1 and DPCH2 use the same channelization code. The rate matching attributes for (TrCH1, TrCH2) were set to (204, 200), giving (372, 1734) bits per TTI and a coding rate of (0.44086, 0.46597) respectively. A 16 bit CRC is attached to each TrCH.

The simulator setup for TFC2 is shown in figure 1(b).

2.3. TFC3

This scenario occurs when the following transport formats are selected for the transport channels:

 (TrCH1, TrCH2, TrCH3, TrCH4) = (TF1, TF1, TF0, TF2)

This TFC represents transmission of SRB packets in parallel to compressed RTP packets and SIP packets. This scenario has not been simulated.

2.4. TFC4

This is identical to the worst-case TFC2, with the exception that both physical channels DPCH1 and DPCH2 are under the PSC. TFC4 provides another reference for TFC2, i.e. it is a solution for coping with the uncompressed header information that requires an extra channelization code as well as extra Node B power.

3. Summary of Results

Link level simulations were run for TFC1, TFC2 and TFC4 above in the VehA channel at 30 km/h. When running TFC1 simulations, where DPCH2 is DTX-ed, the total transmit power was normalized to Ior = 1 (0 dB) in the usual fashion. With TFC2 and TFC4, the total normalized power is increased to Ior’ = 1 + Ec_DPCH2/Ior, i.e. additional power is used for DPCH2. This is believed to reflect well the situation that would occur in practice, i.e. DPCH2 power being used occasionally on top of the ‘steady state’ transmissions.  For TFC2, a number of link level curves were obtained, each for a different value of the power offset 
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 between DPCH2 and DPCH1.

The simulation results are summarized in table 1, and the full details are included in the Annex. The summary is provided for the worst case scenario, which involves the transmission of SRB packets and uncompressed RTP packets on TrCH1 and TrCH2 respectively. The values shown are referenced to 1 = Ior = Ior’ ‑ Ec_DPCH2/Ior.

Row 1 of table 1 shows the fraction of the ‘per chip’ energy used individually by DPCH1 and DPCH2 with TFC4. Rows 2 and 3 show the relative power requirement for TFC2. As can be seen, this varies between 0.3 and 0.7 dB for DPCH1, and between 0.7 and 4.0 dB for DPCH2, depending on geometry.

The ‘total’ power figures in rows 4 – 7 correspond to power utilization summed over both physical channels. (Note: the DPCCH – DPDCH power offset was 0 dB and the absence of DPCCH from DPCH2 was accounted for.) As shown in rows 6 – 7, the total power increase required by scenario TFC2, compared to scenario TFC4 varies between ~2% and 3% (0.6 and 3 dB, depending on geometry). However as already discussed, TFC2 and TFC4 correspond to the worst case scenario that occurs infrequently. Therefore, on average, the increase in transmission power due to the SSC will be very small.

Table 1  Summary of simulation results: power consumption for 1% BLER.

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_DPCH1_TFC4/Ior (=Ec_DPCH2_TFC4/Ior)
dB
	-11.7
	-15.6
	-17.4
	-18.0

	2
	Ec_DPCH1_TFC2/Ior - Ec_DPCH1_TFC4/Ior 
dB
	0.3
	0.5
	0.6
	0.7

	3
	Ec_DPCH2_TFC2/Ior - Ec_DPCH1_TFC2/Ior = 
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dB
	0.7
	2.0
	3.7
	4.0

	4
	total TFC4 power
%
	12.17
	4.96
	3.28
	2.85

	5
	total TFC2 power
%
	14.05
	7.01
	6.01
	5.60

	6
	total TFC4 power - total TFC2 power
%
	1.88
	2.05
	2.73
	2.75

	7
	total TFC4 power - total TFC2 power
dB
	0.63
	1.50
	2.63
	2.93


4. Conclusion

We presented the first set of simulation results, illustrating the implications of employing the SSC to efficiently handle the bursty IMS traffic. We believe the results are promising, although further results in different channel models may be needed to fully describe the proposal. 

Annex A   Transport Formats

A.1   TrCH1, 3.4 kbps SRB

	Higher layer
	RAB/signalling RB
	SRB#1
	SRB#2
	SRB#3
	SRB#4

	
	User of Radio Bearer
	RRC
	RRC
	NAS_DT
High prio
	NAS_DT
Low prio

	RLC
	Logical channel type
	DCCH
	DCCH
	DCCH
	DCCH

	
	RLC mode
	UM
	AM
	AM
	AM

	
	Payload sizes, bit
	136
	128
	128
	128

	
	Max data rate, bps
	3400
	3200
	3200
	3200

	
	AMD/UMD PDU header, bit
	8
	16
	16
	16

	MAC
	MAC header, bit
	4
	4
	4
	4

	
	MAC multiplexing
	4 logical channel multiplexing

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	148 (alt 0, 148) (note)

	
	TFS
	  TF0, bits
	0x148 (alt 1x0) (note)

	
	
	  TF1, bits
	1x148

	
	TTI, ms
	40

	
	Coding type
	CC 1/3

	
	CRC, bit
	16

	
	Max number of bits/TTI before rate matching
	516

	
	RM attribute
	155-230

	NOTE:
alternative parameters enable the measurement "transport channel BLER" in the UE.


A.2   TrCH2, 39.2 kbps RTP

Transport format TF1 in the table below corresponds to compressed, and TF2 to uncompressed RTP packets.

	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


A.3   TrCH3, 16 kbps RTCP, TrCH4, 16 kbps SIP

	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


Annex B  Full Simulation Results

Table B1  Simulation Assumptions

	Parameter
	Value

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	P-CCPCH Ec/Ior
	-12 dB

	DPCH1 Ec/Ior
	varied

	OCNS
	varied to sum total Ec/Ior, excluding DPCH2, to 1

	DPCH2 Ec/Ior
	varied in respect to DPCH1 (
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 parameter)

	Geometry
	varied

	Number of rake fingers
	equal to # of channel taps

	Channel estimation
	perfect

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes

	turbo decoding
	Max Log MAP, 4 iterations

	SIR estimation
	realistic
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Figure 2  Link level results in Vehicular A channel, 30 km/h. TFC1: Ec/Ior values as measured on DPCH1 and total normalized power is equal to Ior = 1. TFC4: Ec/Ior values as measured on either DPCH1 or DPCH2 (equal power on both), and total normalized power is equal to Ior’ = 1 + DPCH2_Ec/Ior.
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Figure 3  Link performance for different values of 
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Figure 4  Link performance for different values of 
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Figure 5  Link performance for different values of 
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Figure 6  Link performance for different values of 
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