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1. Introduction

For the transmission of conversational services over IP a solution is required that allows for efficient transmission of RTP, RTCP, SRB and SIP packets. Therefore a RAB needs to be defined which is optimised for this type of packet transmission. The RAB should not require more bandwidth than for corresponding transmissions in the CS domain, which is about 16kbps. Furthermore the QoS requirements must be fulfilled, what means that the solution should focus also on lowest delay for RTP packets and avoidance of packet stealing.

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 benefit of immediately available bandwidth however is payed by an increase of interference for short time. In order to evaluate the influence of SSC transmissions in terms of interference Siemens has performed the first set of link level simulations.

The proposed solution maps the CCTrCH onto two physical channels DPCH1 and DPCH2, under different scrambling codes (the PSC and the SSC). Typically, the physical channel under the SSC will experience a high level of intracell interference from other transmissions under the PSC. To remedy 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.

This paper gives brief background information on the RABs used for these simulations, explains the simulator setup and shows the simulation results.

2. Background Information

2.1 Requirements for SSC Solution

The RAB that needs to be defined shall allow for following transmissions:

· 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 SF in DL should be as high as possible while puncturing is kept sufficiently low.

2.2 Assumptions

2.2.1 RTCP handling

Most likely, RTCP is not mandatory for point-to-point connections. For these cases RTCP might be turned off. At least for PtP conversational calls SA4 recommended to switch off RTCP [8]. However, since there might still be applications that do require RTCP we propose a separate 16 kbps RAB for RTCP. With a proper transport format combination set in combination with standard priority handling in MAC, RTCP packets will automatically be transmitted in silence periods. We propose to transmit RTCP packets on a separate RAB, see [1] and [3]. However this is not a precondition for the SSC solution.

2.2.2 SIP handling

SIP packets can be quite large (approx. 7500 byte for session set-up, [4]) 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.

2.2.3 RAB optimisation

The Siemens discussion paper [5] presented at Ran2#41 shows 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.
With 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

· AMR codec mode 12.2kbps

· Unacknowledged RLC mode

the uncompressed RTP/UDP/IPv6 packet has a size of 99 bytes and the compressed RTP/UDP/IPv6 packet 40 bytes.

Furthermore we assume an uncompressed RTCP packet size of 140 bytes (136 byte acc. to [6] + 4 byte RLC overhead).

The RABs that fulfil the requirements mentioned above are defined in [5].

· Stand-alone UL:3,4 kbps DL:3,4 kbps SRBs for DCCH, See [7].

· 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.

TrCH parameters for  RTP:

TF0, TF1 with 320 bits,TF2 with 792 bits, TC and TTI = 20ms

TrCH parameters for  RTCP and SIP:

TF0, TF1 with 336 bits, TF2 with 2*336 bits, TC and TTI = 40ms.

In UL a minimum SF of 32 and a puncturing limit of 0.88 is needed.

In the more interesting DL case both for the DPCH on PSC and the DPCH on SSC a SF of 128 is sufficient.

2.2.4 Extent of SSC transmissions

The following table shows to what extent the SSC is used for VoIMS transmission:

	Required transmission
	Transmitted on
	Expected frequency of occurrence

	Compressed RTP + SRB
	PSC only
	Typical transmission

	Compressed RTP + SIP
	PSC + 6%…36% of SSC (depending on SIP size)
	Rarely

	Compressed RTP + SRB + SIP
	PSC + 25%…56% of SSC (depending on SIP size)
	Rarely

	Uncompressed RTP
	PSC + 80% of SSC
	At session start-up, unlikely during session

	Uncompressed RTP + SRB (worst case)
	PSC + 100% of SSC
	At session start-up, unlikely during session

	RTCP + SRB
	PSC only
	Every 5 seconds in average

	RTCP + SIP
	PSC + 0%…22% of SSC (depending on RTCP and SIP size)
	Very rarely

	RTCP + SRB + SIP
	PSC + 0%…41% of SSC (depending on RTCP, SRB and SIP size)
	Very rarely

	SIP + SRB
	PSC only
	Rarely


It is assumed that the SSC will be used for not more than 2% of the session time. The activity level for the SSC can be estimated from the probabilities of the TFCs in the table above. For this short time however the interference will be increased.

3. Simulation Results Summary

Details to the simulations, theoretical aspects and explanations are captured in the Annex.

The following table shows the TFC2 power requirements relative to TFC4, for 1% BLER target. The ‘total’ results have been adjusted for absence of DPCCH of DPCH2 (32/40) multipier. The numbers are referenced to the Ior from the reference scenario TFC1.

TFC4: Transmission of SRB packets + uncompressed RTP packets on two codes on PSC (see A2.1.4)

TFC2: Transmission of SRB packets + uncompressed RTP packets on both PSC and SSC (see A2.1.2)

Ec/Ior_DPCH1_TFC4… Ec/Ior for DPCH1 (on PSC) for TFC4

Ec/Ior_DPCH1_TFC2 - Ec/Ior_DPCH1_TFC4… Power increase on DPCH1 in case of transmission on PSC +SSC compared with the required DPCH1 power if transmission is done only on PSCs.

Ec/Ior_DPCH2_TFC2 - Ec/Ior_DPCH1_TFC2…Power penalty on DPCH2 compared with DPCH1 for transmission on PSC+SSC.

Total Ec/Ior_TFC4…Transmitted power for DPCH1+DPCH2 on PSC divided by total NodeB transmit power

Total Ec/Ior_TFC2… Transmitted power for DPCH1+DPCH2 on PSC and SSC divided by total NodeB transmit power

Total Ec/Ior_TFC4 - Total Ec/Ior_TFC2… Power penalty on DPCH1+DPCH2 in case of transmission on PSC+SSC compared to transmission on PSCs only.

	
	Geometry, dB

	
	-3
	3
	9
	15

	Ec/Ior_DPCH1_TFC4
(=Ec/Ior_DPCH2_TFC4)

dB
	-11.7
	-15.6
	-17.4
	-18.0

	Ec/Ior_DPCH1_TFC2 -
Ec/Ior_DPCH1_TFC4

dB
	0.3
	0.5
	0.6
	0.7

	Ec/Ior_DPCH2_TFC2 -
Ec/Ior_DPCH1_TFC2

dB
	0.7
	2.0
	3.7
	4.0

	total Ec/Ior_TFC4

%
	12.17
	4.96
	3.28
	2.85

	total Ec/Ior_TFC2

%
	14.05
	7.01
	6.01
	5.60

	total Ec/Ior_TFC4 -

total Ec/Ior_TFC2

%
	1.88
	2.05
	2.73
	2.75

	total Ec/Ior_TFC4 -

total Ec/Ior_TFC2

dB
	0.63
	1.50
	2.63
	2.93


The simulation results provided in the table show the difference in Ec/Ior between the worst case, which is the case of transmission on PSC and complete SSC, and the reference case, in which 2 PSCs are used.

The simulations results are based on the assumption that 15 UEs, transmitting on PSCs, as well as common channels cause intracell interference. Thermal noise and intercell interference form other cells have been taken into account as well. Due to multipath propogation, which reduces orthogonality among PSCs, the interference caused by the SSC is only a part of the overall interference in the cell. 

It can be seen that the additional power on the PSC in order to obtain the same SIR as without SSC is between 0.3 and 0.7 dB.

The additional power on the SSC required to obtain the same SIR on the SSC like for the reference case without SSC, is between 0.7 and 4 dB.

The last two rows indicate the total power increase, calculated over both physical channels, required by scenario TFC2, compared to scenario TFC4. It can be seen that this is between ~0.6 and 3 dB (last row). 

It should be noted that, practice, the SSC would be used during a small fraction of the time, therefore, on average, the increase in power consumption will likewise be small. 

Furthermore the RTCP flow is not required at all for PtP conversational calls.

4. Conclusion

This document discusses the influence of SSC transmissions on the SIR and power requirements for VoIMS. Therefore simulations have been performed with the proper RAB/RB definitions that allow for efficient transmission of VoIMS services. Currently, a set of simulation results for the Vehicular A channel profile at 30 km/h is provided.

It can be seen, that the overall power increase due to using the SSC varies between 0.6 and 3 dB. However, this is only and instantaneous increase, that occurs for a small fraction of time in practice. The SSC will only be needed as a short-term back-up for transmission capacity.

The usage of the SSC is restricted to very few transport format combinations that furthermore are not very frequent/likely during a call. Therefore the additional overall interference caused by SSC transmissions can be kept to a minimum.

It should be mentioned that the concept of transmissions on the SSC is not new. It is also possible for compressed mode in FDD. However, in contrast to the regular usage of  SSC for CM , for VoIMS the SSC can be seen as a fallback solution for rare events.

If needed further simulation results, e.g. for different environments, can be provided at the next meetings.

It is proposed to capture the results of our investigations into the TR25.862.
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Annex

A1. Theoretical Analysis

A1.1 Symbols and Definitions
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Average energy per chip of the signal (DPCH) of interest, measured at base station antenna connector.
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The total transmit spectral power density of the forward link, measured at the base station antenna connector.
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The total received spectral power density of the forward link, measured at the UE antenna connector.
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The power spectral density of a band limited white noise source (simulating interference from other cells) measured at the UE antenna connector.
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The effective noise power spectral density at the UE antenna connector.


[image: image7.wmf]G






Geometry, equal to 
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Geometry is a measure of how good the propagation conditions of a given UE are. A typical macrocellular geometry distribution is shown in figure A1 for information. It was obtained assuming the hexagonal cell layout with three sectors per cell, assuming that all base stations (both the serving and interfering ones) transmit at the maximum power of 20 W (43 dBm). Soft handover was not considered. As can be verified, approximately 5% of all UEs experience geometry inferior to -6 dB, and another 5% experience a geometry which is superior to 15 dB.
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Figure A1  A typical geometry distribution in the macrocellular environment.

A2. Simulator Setup

The simulation is performed for downlink. Four transport channels are coded and multiplexed onto two physical channels. The transport channels include:

· TrCH1: SRB (maximum data rate 3.4 kbps)

· TrCH2: RTP speech (maximum data rate 39.2 kbps)

· TrCH3: RTCP (maximum data rate 16 kbps)

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

The DPCH1 is under the PSC and DPCH2 is under the SSC.

The precise radio bearer definitions can be found in [5]

Other transport and physical channels are also present in the simulation to provide a realistic interference scenario.

A2.1 Transport Format Combinations

Transport channels 1-4 can supply a different number of bits per radio frame, depending on the transport format TFx actually used.

A2.1.1 TFC1 (Reference)

The reference case scenario occurs when the following transport formats are selected on the transport channels:

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

This TFC represents transmission of SRB packets in parallel to compressed RTP packets. The simulation setup for TFC1 is shown in figure A2.

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)

Followin rate matching attributes for TrCH1 and TrCH2 were used in the simulations:

(rma, rma) ->
(nbits/TTI, nbits/TTI) -> (coding rate, coding rate)

(192, 200) ->
(372, 774) -> 
(0.44086, 0.43411)
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Figure A2  Simulator setup for TFC1.

A2.1.2 TFC2 (Worst Case)

The worst case scenario occurs when the following transport formats are selected on the transport channels:

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

This TFC represents transmission of SRB packets in parallel to uncompressed RTP packets. The simulator setup for TFC2 is shown in figure A3.

(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 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)

The rate matching attributes for TrCH1 and TrCH2 are chosen as follows:

(rma, rma) ->
(nbits/TTI, nbits/TTI) -> (coding rate, coding rate)

(204, 200) ->
(372, 1734) -> 
(0.44086, 0.46597)

This ensures the same amount of coding on TrCH1 in both TFC1 and TFC2. All remaining bits are simply allocated to TrCH2.

Note: With TFC2, it is proposed that the IMS CCTrCH is mapped onto two physical channels, DPCH1 (under the PSC) and DPCH2 (under an SSC). Both the DPCH1 and DPCH2 use the same channelization code.
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Figure A3  Simulator setup for TFC2.

A2.1.3 TFC3

Following scenario is proposed:

(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.

A2.1.4 TFC4

This is identical to 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 does require an extra channelization code as well as extra Node B power.

A3. Simulation Results

The simulation assumptions are given in table A1.

First of all, the reference scenario TFC1 was simulated in order to obtain ‘baseline’ results. Then, the ‘worst case’ scenario TFC2 was simulated. During the TFC1 simulations, the total transmit power was normalized to 1. During the TFC2 and TFC4 simulations, the transmit power for all channels except DPCH2 was normalized to 1. In other words, DPCH2 is used to ‘top up’ the instantaneous total transmitted power. Note that the DPCH2, as with any multicode transmission, contains the DPDCH part only.

Simulation results for the Vehicular A channel at 30 km/h are shown in figures A4, A5, A6, A7 and A8. It should be noted that the horizontal axis corresponds to the 
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 of DPCH1 only. The symbol 
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 in the following figures corresponds to a power offset applied to DPCH2 under the SSC, relative to DPCH1 under the PSC.

Table A1  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 (
[image: image14.wmf]r

 parameter),
used to increase Ior beyond 1(contains DPDCH part only)

	Geometry
	varied

	PSC number
	0

	SSC number
	5

	Number of rake fingers
	equal to # of channel taps

	Channel estimation
	perfect

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes

	turbo decoding
	Log-MAP, 4 iterations

	SIR estimation
	realistic

	Power control
	off
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Figure A4  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 1. TFC4: Ec/Ior values as measured on either DPCH1 or DPCH2 (equal power on both), and total normalized power is equal to 1 + DPCH2_Ec/Ior.
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Figure A5  Link performance for different values of 
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Figure A6  Link performance for different values of 
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Figure A7  Link performance for different values of 
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Figure A8  Link performance for different values of 
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