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Introduction

One of the proposed solutions to handle the variable bitrate of VoIMS in the DL (e.g. due to uncompressed RTP or RTCP packets) was to use multi-code transmission with a secondary scrambling code on a single CCTrCH [1]. Using an overflow channel on a secondary scrambling code allows for immediate bandwidth in case of infrequent packets, without contributing to code shortage in downlink. 
A comparison of the total power increase needed to obtain the same quality for a multi-code transmission using a primary and a secondary scrambling code, when compared to a multi-code configuration with 2 primary scrambling codes, can be found in [2]. The comparison is based on a 2 x SF=128 multi-code configuration. Simulation results in this paper show that an increase of only ~0.6 to 3 dB is foreseen due to the use of the secondary scrambling code. From this, one can conclude that the overall power increase caused by transmission on the secondary scrambling code can be kept to a minimum.
Discussion
Qualitative analysis
The simulation results in [2] are encouraging in the sense that they show that using a secondary scrambling code will not have a significant impact on capacity. However, further analysis on the actual RAB configurations used for these simulations, or any configuration that can be used as part of the single CCTrCH multi-code solution, would be beneficial. A good basis for this analysis would be a comparison with the basic AMR speech RAB configuration from 34.108:
Conversational / speech / UL:12.2 DL:12.2 kbps / CS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH

This configuration uses a single SF=128 OVSF code in downlink. Here is a table comparing this configuration and a single CCTrCH multi-code configuration in terms of bitrate at the RLC level and at the physical layer level:
	Bit rate (for TFCmax) at RLC level
	Bit rate at radio level (for DPDCH only– considering 9kbps for DPCCH)

	12.2kbps + 3.4 kbps SRB
	51 kbps (one SF=128 code)

	39.2kbps + 3.4kbps SRB (uncompressed speech + SRB)
	102 kbps (two SF=128 codes)


One can notice that for the maximum TFC of the basic AMR 12.2kbps RAB configuration, very little puncturing and/or repetition needs to be performed during rate matching. This is expected since the application bit rate is about one third of the physical capacity (one SF=128 code). If the application bit rate were to be tripled, which is the case for VoIMS, the same performances could be obtained by simply tripling the physical layer capacity, i.e. using 3 SF=128 channelization codes. Thus, if the physical layer capacity is only doubled, one would anticipate an increase in L1 puncturing and thus an increase in power in order to reach a certain BLER.
Although the case for which uncompressed speech and signalling is sent should be seen very rarely during a session (except at session start when it will happen), the fact that a TFC is configured for this scenario is enough to damage the most frequently used TFCs, e.g. compressed speech + SRB. Indeed, rate matching calculations (when flexible introduction of DTX is used) are done per transport channel in order to minimize the amount of DTX when the bit rate of the CCTrCH is maximal, i.e. for the maximum configured TFC. Thus, if rate matching for TFCmax results in a high level of puncturing for the used transport channels, other TFCs in which the same transport channels are used will also suffer from a high puncturing rate.
In the proposed RAB configuration in [2], the maximum configured TFC is for uncompressed speech + signalling. For this TFC, around 30% puncturing in average (depending on the rate matching parameters) is anticipated for both speech and signalling, if only 2 codes of SF=128 are used. And, as stated above, due to the way rate matching is calculated, around the same puncturing rate is expected for the more frequent scenario of compressed speech + signalling.
Nortel simulation results

In order to see the consequences of the heavy puncturing on power transmission, Nortel Networks performed some initial simulations based on the RAB configuration proposed in [3]. The simulation results are presented in the annex. 
This preliminary study makes a link level comparison between a basic CS speech (12.2 kbps) + SRB and the RAB combination proposed in [3] (PS speech at 39.2kbps + I/B 16kbps + I/B 16kbps + SRB). The PS combination uses 2 SF=128 OVSF codes (mapped on a Primary SC and a Secondary SC). 
As expected, the results show that due to the heavy puncturing applied to the transport channels (the actual level of puncturing applied to each transport channel is dependant on the RM parameter), the required transmission power needed to obtain the same QoS (0.02 TrCH BLER) as for CS 12.2 Kbps is about 8dB higher (i.e. about 6 times higher). This seems to confirm that a multicode configuration using only 2 x SF=128 is not very well suited for this VoIMS RAB combination.
Additionnal aspects to be considered

In addition to the points mentioned above, the following aspects were identified to be considered also for multi-code transmission:

· Dependency on the UE capabilities: according to TS25.306 v5.8.0, only class 384kbps and above UEs support the simultaneous reception of more than one DPCH.
· Power offset betweeen the DPCH mapped onto the Primary Scrambling code and the DPCH mapped onto the Secondardy scrambling codes (rho): a new parameter (rho) may be needed to take into account the difference of interference experienced by a physical channel mapped on the primary and or secondary scrambling code. This would have an impact on Iub NBAP.
· DPCCH transmission: current situation in TS25.211 is that the Layer 1 control information is only transmitted on the first DPCH. However, this may not be optimal in case different scrambling codes are used. Thus, it should be considered whether the DPCCH should always be transmitted on the Primary Scrambling code, or be configurable via signalling.
Proposal
As highlighted in points above, a configuration using only 2 SF=128 OVSF codes is likely to bring highly degraded performances due to heavy puncturing. Thus, it is proposed that other solutions/configurations are further studied to see their feasibility. Nortel Networks propose that the following multi-code solutions be taken into consideration:
· 3 x SF=128: using 3 codes (one mapped on the primary SC, the other two on a secondary SC) would allow for lower puncturing and would not contribute to OVSF code shortage. Also, in terms of UE capabilities, class 384kbps and above UEs are expected to support simultaneous reception of 3 DPCHs (i.e. same constraint as for the 2 x SF=128 solution).
· Multiple CCTrCH of dedicated type allowing different SF on different CCTrCHs. This solution is further studied in a companion paper. 
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Annex
The purpose of this annex is to present some performances for the Conversational DL:39.2 kbps PS RAB for RTP + I/B DL: 16kbps PS RAB for RTCP + I/B DL:16 kbps PS RAB for SIP + DL:3,4 kbps SRBs for DCCH service proposal.
	Simulation Environment

	AWGN
	Yes

	Sampling Rate
	2Fc

	Fading
	Rayleigh

	Power Control
	Algorithm
	1

	
	Inner Loop Step
	1.0 dB

	
	Delay
	1 slot

	
	TPC Error Rate
	4%

	
	Outer Loop Step Size
	0.1 dB

	
	SIRTarget Update Period
	25 TTIs

	
	TCH used for Power Control
	0

	Rx Antennae
	1

	CIRE
	Perfect


DL 3.4 kbps SRB for DCCH

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

	
	User of Radio Bearer
	RRC
	RRC
	NAS_DT
	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

	
	RLC 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.


Conversational DL:39.2 kbps PS RAB 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


 Interactive or background /DL 16 kbps /PS RAB for RTCP and 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


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)


Physical Channel Parameters
	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


RESULTS

TF1, TF1, TF0, TF0
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