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1
Introduction

In [1] TR 25.862 multiple solutions aiming at accounting for the variable size RTP header handling have been documented (see section 5.6). 
One such solution is based on the combined use of multi-code (spreading codes) and multiple scrambling codes. In such a solution the CCTrCH is mapped onto two DPCHs (of same SF), one such DPCH being mapped onto the Primary scrambling code and the second being mapped onto the Secondary scrambling code. For most TFCs only one DPCH is used (on the primary scrambling code) to carry compressed RTP and/or SRB. In other TFCs  the secondary scrambling code is needed in addition to the primary when a higher bit rate is to be carried (e.g. at session start up before ROHC is activated meaning uncompressed RTP frame are carried but also when SIP or RTCP are to carried). A specific implementation of such solution was evaluated in [2] based on 2 codes at SF 128, with a power offset being possibly applied between the two DPCH to allow for different interference conditions on the two scrambling codes. 
A second solution documented in [1] is based on the reconfiguration of the RAB bit rate for the RAB carrying the RTP. In such a solution the RAB carrying the RTP is first configured to allow for the transmission of uncompressed RTP frames. Then as soon as ROHC is activated and compressed RTP frames are transmitted, the maximum RAB bit rate is decreased. Although not explicitely mentioned in [1], it is our understanding that each of the defined RABs combinations before and after reconfiguration of the RAB carrying the RTP is mapped onto one scrambling code and possibly one spreading code. 
In the remaining part of the contribution we first described a solution that combines the two solutions described above. For each of the two TFCS defined before and after reconfiguration, two physical channels (of same SF) are allocated possibly mapped onto different scrambling codes. The reason for considering a separate RAB combination for use before ROHC is applied (when uncompressed RTP frames are transmitted) is that a too high power was needed when using 2 codes at 128 when transmitting a uncompressed RTP frames as shown in [3]. This RAB combination has the disadvatange of requiring more channelisation codes (2 codes at SF 64) but is not expected to be used for long depending on how long it takes to have ROHC activation. When only compressed RTP frames are configured to be transmitted (together with RTCP, SIP, SRB…), 2 codes at SF 128 are sufficient.. Example parameters are shown. Some optimisation may be needed in order to minimise the use of the secondary scrambling code however we believe that this is a good start. 

In a second step we compared this solution with the previously discussed solution in [2] and [1] based on the secondary scrambling code (without reconfiguration). Finally a way forward is proposed. 
2
Multi-code solution based on reconfiguration of RAB data rate
In the following we define the two RAB combinations, corresponding TrCH parameters and physical channel mapping. 

2.1 RAB combination for uncompressed RTP frame
The first RAB combination corresponds to transmission of uncompressed RTP frames as follows : 
· 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 .
The detailed TrCH parameters for each RAB is described in Appendix A at the end of the contribution 
The physical channel resource corresponds to two DPCHs at SF 64, one of these being mapped onto the Primary scrambling code and the second being mapped on the secondary scrambling code. Detailed parameters are shown in Appendix A. 
The rationale for selecting 2 codes at SF 64 is two-fold. 

· First as indicated above and in [3], it was shown that 2 codes at SF 128 did not perform well (as the SRB was too punctured as a result of the need to transmit uncompressed RTP frames). Therefore a channelisation code resource of either 1codes at SF 32 or 2 codes at SF 64 are needed. The 32 SF based solution is a solution proposed in [1] and in other contributions from “3”. 

· The reason for prepfering a 1x64 is from the code management point of view, assuming that it is easier to find 2 codes at SF 64 available rather than 1 codes at SF 32 in particular when the secondary scrambling is used for the second channelisation code. 
The use of the Primary and Secondary scrambling codes for each type of transmission (TFC) is as follows . In green are identified the TFCs corresponding to the usage of one code only. In yellow are identified the TFCs corresponding to the use of two codes. 
	TFC
	Comments

	{ TF0 TF0 TF0 TF0  } 
	0

	{ TF1 TF0 TF0 TF0  } 
	215 bits – SRB only

	{ TF0 TF1 TF0 TF0  } 
	664 – RTP compressed only fits onto one code (73.8% used)

	{ TF0 TF2 TF0 TF0  } 
	1586 – RTP uncompressed uses overflows on second code (76.2%)

	{ TF0 TF0 TF1 TF0  } 
	338

	{ TF0 TF0 TF2 TF0  } 
	672 – RTCP 16kbps on one code (74.7% used)

	{ TF0 TF0 TF0 TF1  } 
	338

	{ TF0 TF0 TF0 TF2  } 
	672 – SIP 16kbps on one code (74.7% used)

	{ TF1 TF1 TF0 TF0  } 
	879 – SRB + RTP compressed on one code (97.7% used)

	{ TF1 TF2 TF0 TF0  } 
	1800 –SRB + RTP uncompressed uses 2 codes (100%)

	{ TF1 TF0 TF1 TF0  } 
	553

	{ TF1 TF0 TF2 TF0  } 
	887 – SRB + RTCP 16kbps used one code (98.6%)

	{ TF1 TF0 TF0 TF1  } 
	553

	{ TF1 TF0 TF0 TF2  } 
	887 – SRB + SIP 16kbps used one code (98.6%)

	{ TF0 TF1 TF0 TF1  } 
	1002 – RTP compressed + SIP 8kbps overflows on second code (11.3%)

	{ TF0 TF1 TF0 TF2  } 
	1336 – RTP compressed + SIP 16kbps overflows on second code (48.4%)

	{ TF0 TF0 TF1 TF1  } 
	676 – RTCP 8kbps + SIP 8kbps on one code (75.1%)

	{ TF0 TF0 TF2 TF1  } 
	1010 – RTCP 16kbps + SIP 8kbps overflows on second code (12.2%)

	{ TF0 TF0 TF1 TF2  } 
	1010 – RTCP 8kbps + SIP 16kbps overflows on second code (12.2%)

	{ TF0 TF0 TF2 TF2  } 
	1344 – RTCP 16kbps + SIP 16kbps overflows on second code (49.3%)

	{ TF1 TF1 TF0 TF1  } 
	1217 – SRP + RTP compressed + SIP 8kbps overflows on second code (35.2%)

	{ TF1 TF1 TF0 TF2  } 
	1551 – SRP + RTP compressed + SIP 16kbps overflows on second code (72.3%)

	{ TF1 TF0 TF1 TF1  } 
	891 – SRB + RTCP 8kbps + SIP 8kbps on one code (99%)

	{ TF1 TF0 TF2 TF1  } 
	1225 - SRB + RTCP 16kbps + SIP 8kbps overflows on second code (36.1%)

	{ TF1 TF0 TF1 TF2  } 
	1225 - SRB + RTCP 8kbps + SIP 16kbps overflows on second code (36.1%)

	{ TF1 TF0 TF2 TF2  } 
	1559 – SRB + RTCP 16kbps + SIP16kbps overflows on the second code (73.2%)


2.2 .Second RAB combination

The second RAB combination corresponds to the transmission of compressed RTP frames only (meaning no possibility to transmit the uncompressed frames) as follows :

· Conversational UL:15.6  kbps DL:15.6  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  
The detailed TrCH parameters for each RAB is described in Appendix B at the end of the contribution 
The physical channel resource corresponds for the downlink to two DPCHs at SF 128, one of these being mapped onto the Primary scrambling code and the second being mapped on the secondary scrambling code. Detailed parameters are shown in Appendix B. 

The rationale for selecting 2 codes at SF 128 is two-fold :

· First 2 codes at SF 128 allows for a good performance when the defined TFCS allows for the transmission of compressed RTP frames (uncompressed frames transmission is not possible with this TFCS). . 

· The most commonly used TFCs (compressed RTPno SRB) is mapped onto one code only at SF 128 which is equivalent in terms of channelisation code amount to the CS speech at 12.2 kbits/s

The use of the Primary and Secondary scrambling codes for each type of transmission (TFC) is as follows . In green are identified the TFCs corresponding to the usage of one code only. In yellow are identified the TFCs corresponding to the use of two codes. 
	TFC
	Comments

	{ TF0 TF0 TF0 TF0  } 
	0 bit

	{ TF1 TF0 TF0 TF0  } 
	169 bits – SRB only one code used (35.2%)

	{ TF0 TF1 TF0 TF0  } 
	478 bits – RTP compressed one code used (99.6%)

	{ TF0 TF0 TF1 TF0  } 
	265 – RTCP 8kbps one code used (55.2%)

	{ TF0 TF0 TF2 TF0  } 
	527 – RTCP 16kbps overflows on second code (9.8%)

	{ TF0 TF0 TF0 TF1  } 
	265 – SIP 8kbps one code used (55.2%)

	{ TF0 TF0 TF0 TF2  } 
	527 – SIP 16kbps overflows on second code (9.8%)

	{ TF1 TF1 TF0 TF0  } 
	647 – SRB + RTP compressed overflows on second code (34.8%)

	{ TF1 TF0 TF1 TF0  } 
	434 – SRB + RTCP 8kbps on one code (90.4%)

	{ TF1 TF0 TF2 TF0  } 
	696 – SRB + RTCP 16kbps overflows on second code (45%)

	{ TF1 TF0 TF0 TF1  } 
	434 – SRB + SIP 8kbps on one code (90.4%)

	{ TF1 TF0 TF0 TF2  } 
	696 – SRB + SIP 16 kbps overflows on second code (45%)

	{ TF0 TF1 TF0 TF1  } 
	743 – RTP compressed + SIP 8bksp overflows on second code (64.8%)

	{ TF0 TF0 TF1 TF1  } 
	530 – RTCP 8kbps + SIP 8kbps overflows on second code (10.4%)

	{ TF0 TF0 TF2 TF1  } 
	792 – RTCP 16kbps + SIP 8bksp overflows on second code (65%)

	{ TF0 TF0 TF1 TF2  } 
	792 – RTCP 8kbps + SIP 16kbps overflows on second code (65%)

	{ TF1 TF1 TF0 TF1  } 
	912 – SRB + RTP compressed + SIP 8kbps overflows on second code (90%)

	{ TF1 TF0 TF1 TF1  } 
	699 – SRB + RTCP 8kbps + SIP 8kbps overflows on second code (45.6%)

	{ TF1 TF0 TF2 TF1  } 
	960 – SRB + RTCP 16kbps + SIP 8kbps uses both codes (100%)

	{ TF1 TF0 TF1 TF2  } 
	960 – SRB + RTCP 8kbps + SIP 16kbps uses both codes (100%)


In this configuration the transmission of compressed frame and some of the lower bit rates of SIP and RTCP require only one code, meaning only one SF at 128. 
In terms of quality of service, for the max RM for each of the TrCHs we get the following repetition/puncturing rate :

· SRB: repetition 18%

· RTP: repetition 12%

· RTCP and SIP: puncturing 11%

The SRB quality is hence expected to be good. 
Further optimisation may be looked for in order to make the RTP compressed + SRB fit into one channelisation code but it remains to be shown that at the system level this is advantageous 
3 Comparison between different multi-code based solution
The design criterion for the solution described above is the minimisation of the SRB puncturing. Considering the significant difference in bit rate between the uncompressed RTP frames and the SRB maximum bit rate, the performance of the SRB can be significantly damaged when a small amount of resource is allocated (like 2x128) while configuring a TFC max corresponding to uncompressed RTP+SRB. This is what we believe is the main drawback of the multi-code solution only exhibits as shown in [3]
In order to overcome this problem the combined reconfiguration solution/multi-code use allows to reduce the impact on the SRB when uncompressed frame are transmitted at the expense of a larger resource allocation (2x64) . Still the period of time for use of the corresponding RAB combination is sufficiently small that it does not significanbtly increases the overall resource usage. For a large portion of the time (when compressed frame are transmitted) we go back to a smaller amount of resource 2x128 or even 1x128. 
4 Conclusion and Proposed way forward

Work is presently being done on the combination based solution in order to further optimise the TrCH parameters for the second RAB comabination and hence mimise the use of the second code. Also link level simulations are being run in order to evaluate quantatively the solution. Some result may be available at the end of this RAN1 meeting or shortly after the RAN1 meeting. We would like to collect comments on our proposal and discuss results when available in order to get to a conclusion on the suitable of a combined reconfiguration/multi-code (channelisation/scrambling) based solution. 
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.Appendix A 
This appendix provides TrCH parameters for the first RAB combination as defined in section 2.1
Downlink 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


TrCHs 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


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)


	DPCH Downlink on primary SC
	DTX position
	Flexible

	
	Minimum spreading factor
	64

	
	DPCCH
	Number of TFCI bits/slot
	8

	
	
	Number of TPC bits/slot
	4

	
	
	Number of Pilot bits/slot
	8

	
	DPDCH
	Number of data bits/slot
	60

	
	
	Number of data bits/frame
	900


	DPCH Downlink on secondary SC
	DTX position
	Flexible

	
	Minimum spreading factor
	64

	
	DPCCH
	Number of TFCI bits/slot
	8

	
	
	Number of TPC bits/slot
	4

	
	
	Number of Pilot bits/slot
	8

	
	DPDCH
	Number of data bits/slot
	60

	
	
	Number of data bits/frame
	900


Appendix B 

This appendix provides TrCH parameters for the first RAB combination as defined in section 2.1

Downlink parameters

TrCH parameters for RTP:

	Higher

layer
	RAB/Signalling RB
	RAB

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	UM

	
	Payload sizes, bit
	312

	
	Max data rate, bps
	15600

	
	UMD PDU header, bit
	8

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	320

	
	TFS
	TF0, bits
	0x320

	
	
	TF1, bits
	1x320

	
	
	
	

	
	TTI, ms
	20

	
	Coding type
	TC

	
	CRC, bit
	16

	
	Max number of bits/TTI after channel coding
	1020

	
	RM attribute
	180 - 220


TrCHs 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


TFCS

	TFCS size
	20

	TFCS
	(DCCH, 15.6 kbps RAB, 16 kbps RAB, 16 kbps RAB) = (TF0, TF0, TF0, TF0), (TF1, TF0, TF0, TF0), (TF0, TF1, TF0, TF0),  (TF0, TF0, TF1, TF0), (TF0, TF0, TF2, TF0), (TF0, TF0, TF0, TF1), (TF0, TF0, TF0, TF2), (TF1, TF1, TF0, TF0),  (TF1, TF0, TF1, TF0), (TF1, TF0, TF2, TF0), (TF1, TF0, TF0, TF1), (TF1, TF0, TF0, TF2), (TF0, TF1, TF0, TF1),, (TF0, TF0, TF1, TF1), (TF0, TF0, TF2, TF1), (TF0, TF0, TF1, TF2), , (TF1, TF1, TF0, TF1),  (TF1, TF0, TF1, TF1), (TF1, TF0, TF2, TF1), (TF1, TF0, TF1, TF2)


PHY CH parameters

The data rate of 15.6 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
	8

	
	
	Number of TPC bits/slot
	4

	
	
	Number of Pilot bits/slot
	8

	
	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
	8

	
	
	Number of TPC bits/slot
	4

	
	
	Number of Pilot bits/slot
	8

	
	DPDCH
	Number of data bits/slot
	32

	
	
	Number of data bits/frame
	480


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

