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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, leading to significant data rate variations.

One possible solution to the problem is to allocate two physical channels, DPCH1 and DPCH2 (both under the primary scrambling code) to IMS, to cater for the worst-case data burst. This, however, would be wasteful from the physical resource point of view, as only one of the two physical channels would be active during a major part of the connection.

Instead, it is proposed that the IMS CCTrCH is mapped onto two physical channels separated by the scrambling code and not the channelization code: DPCH1 (under the PSC) and DPCH2 (under an SSC and using the same channelization code as DPCH1). Only one physical channel, DPCH1, is kept 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 needs to be transmitted. The advantage of this proposal is that no extra code resources need to be allocated to handle the bursty IMS traffic, i.e. both the DPCH1 and DPCH2 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, an extra power offset, 
[image: image1.wmf]r

, is introduced between DPCH2 and DPCH1, that is set by the RNC and signalled over Iub.

The proposed solution has been found to be code-resource efficient and to have small system impact. Therefore, it is recommended that the SSC-based transport format combinations are adopted for carrying Voice over IMS.

2. TrCH Coding and Multiplexing for IMS

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

· TrCH1: SRB (data rate 0 or 3.4 kbps)

· TrCH2: RTP speech (data rate 0, 16 or 39.2 kbps; the highest rate corresponds to uncompressed RTP packets)

· TrCH3: RTCP (data rate 0, 8 or 16 kbps)

· TrCH4: SIP (data rate 0, 8 or 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. Block diagrams of the TX chain are shown in figure 1.

For the physical channels DPCH1 and DPCH2, slot format 9 is used with SF128. 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 definition of the proposed radio bearer can be found in [1].
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Figure 1  Multiplexing diagrams for TFC1, TFC2a, TFC2b (DPCH2 under SSC) and TFC3. Slanted line denotes inactive parts of the chain.

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, and DPCH2 is DTX-ed. 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.

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 and DPCH2. Thus, TrCH1 is carried fully on DPCH1 and TrCH2 is carried on both physical channels. In the following, we refer to TFC2a when both DPCH1 and DPCH2 are under the PSC, and to TFC2b when DPCH1 is under PSC, and DPCH2 is under SSC.
Ideally, TFC2 should only be used at the beginning of the session, in order to reach synchronization between the coder and decoder.
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. The following number of bits is offered to L1 per radio frame:

(148/4, 320/2, 0*336/4, 2*336/4) = (37, 160, 0, 168)
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Figure 2  The effect of varying the power offset between DPCH2 and DPCH1. TFC2a: DPCH1 & DPCH2 under PSC; TFC2b DPCH1 under PSC and DPCH2 under SSC. Ec = Ec_DPCH1+Ec_DPCH2. 

3. Evaluation Methodology

Under scenario TFC2a, where both physical channels are under the PSC, the raw BER on DPCH1 is identical to that on DPCH2. This balance could disturbed with TFC2b as, typically, DPCH2 will experience significant intracell interference from a large number of common and dedicated channels. To overcome this imbalance, we propose to employ a power offset 
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 between the two physical channels:
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With an appropriate 
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 setting, it is possible to ‘equalize’ the raw bit error rates on the two physical channels. The benefit of the ‘equalization’ is that any transport format parameters (especially FEC, TTI and rate matching attributes) that ensure the desired QoS when all physical channels are under PSC can also be employed for the mixed PSC/SSC solution. In this manner, the choice of whether to apply the all-PSC channels or a mixture of PSC and SSC would depend on the operator.

Figure 2 illustrates the effect of varying 
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 in the Vehicular A channel, for the geometry setting of 3 dB. For the transport format TFC2b, the BER performance of DPCH2 is significantly inferior to DPCH1 when 
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=0 dB, i.e. DPCH2 requires extra ~2.5 dB to achieve the same error rate as DPCH1. However, as the power offset increases, the performance of the two physical channels is gradually equalized. When 
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=3 dB, the performance of DPCH1 becomes inferior to DPCH2.

A number of simulations were run in order to determine the correct value of 
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, i.e. the value for which the performance of the two physical channels (for TFC2b) is identical. The detailed simulation results are included in the Annex, and a summary is given in the following section.

4. Summary of Results

In figure 3, we show the performance imbalance between DPCH2 and DPCH1 (TFC2b) for different channel models and geometries. By power imbalance, we mean Ec_DPCH2-Ec_DPCH1 for the same raw BER on each physical channel. The value of 
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, which balances the physical channels, can be read from figure 3; this is the value for which the power imbalance is equal to 0 dB, i.e. both physical channels are characterized by the same raw BER.

Tables 1, 2 and 3 summarize the simulation results obtained for a wide range of propagation conditions (Case 1 3km/h, PedB 3km/h and VehA 3km/h) and geometries (-3, 3, 9 and 15dB), when the power offset 
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 is set to achieve two balanced physical channels (TFC2b). The summary is provided for the worst case transport format combination TFC2, which involves the transmission of SRB packets and uncompressed RTP packets on TrCH1 and TrCH2 respectively. The values of Ec were read off the plots included in the Appendix, interpolating between the results when necessary. The BLER target of 1% was taken as met when the BLER measured on each transport channel was below the target.
Rows 1 and 2 of tables 1, 2 and 3 show the fraction of power used cumulatively by DPCH1 and DPCH2 with TFC2a and TFC2b, respectively, expressed in dB. Row 5 shows the power increase required by the proposed TFC2b, relative to TFC2a. As can be verified, this increase is in the range of 1..2% of the total base station power, for all simulated conditions except the Case1 channel and G=‑3dB, where the power increase is equal to 8%.
Row 8 of tables 1, 2 and 3 shows the fraction of base station power transmitted under the secondary scrambling code. This varies between 2 and 10%, with the highest values occurring under the poor geometry of -3dB.
It has been shown that, with an appropriate power offset 
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 between DPCH2 (under SSC) and DPCH1 (under PSC), it is possible to balance the bit error rates on the two physical channels, which allows transport formats TFC2a and TFC2b to be used interchangeably. However, as can be verified from tables 1, 2 and 3, the value of 
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 varies, depending on the environment; this, in general, is not known to the Node B. Therefore, in order to evaluate the system impact of the proposed solution, we provide a second results summary, this time obtained for an arbitrary power offset 
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 = 2 dB (tables 4, 5 and 6). This is pessimistic, as the RNC should be capable of tracking UE geometry based on already existing measurements (CPICH Ec/No, UTRA carrier RSSI, transmitted code power) and adjusting the 
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 accordingly. As can be verified, selecting the 2 dB offset leads to an increased power requirement for G=-3dB only. In fact, for other geometry values, the power requirement is reduced, compared to the ‘balanced’ scenario. This apparently anomalous result can be explained by observing that the FEC characteristics of each TrCH are different. Therefore, it is possible for both TrCHs to achieve the target BLER at a lower Ec/Ior in the ‘imbalanced’ scenario, compared to the ‘balanced’ one.
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Figure 3  DPCH2-DPCH1 power imbalance in different channels and geometries.

Table 1  Summary of simulation results: power for 1% BLER, PedB 3 km/h (balanced DPCHs).

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_TFC2a/Ior
dB
	-10.6
	-14.7
	-16.7
	-17.3

	2
	Ec_TFC2b/Ior 
dB
	-9.9
	-13.3
	-14.8
	-15.2

	3
	Ec_TFC2a/Ior
%
	8.71
	3.39
	2.14
	1.86

	4
	Ec_TFC2b/Ior
%
	10.23
	4.68
	3.31
	3.02

	5
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

%
	1.52
	1.29
	1.17
	1.16

	6
	Ec_DPCH2_TFC2b / Ec_DPCH1_TFC2b = 
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dB
	1.1
	2.5
	3.4
	3.9

	7
	Ec_DPCH1_TFC2b/Ior
%
	4.47
	1.68
	1.04
	0.87

	8
	Ec_DPCH2_TFC2b/Ior
%
	5.76
	2.99
	2.27
	2.15


Table 2  Summary of simulation results: power for 1% BLER, Case1 3 km/h (balanced DPCHs).

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_TFC2a/Ior
dB
	-10.1
	-13.9
	-17.8
	-21.1

	2
	Ec_TFC2b/Ior 
dB
	-7.5
	-12.3
	-14.7
	-15.8

	3
	Ec_TFC2a/Ior
%
	9.77
	4.07
	1.66
	0.78

	4
	Ec_TFC2b/Ior
%
	17.78
	5.89
	3.39
	2.63

	5
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

%
	8.01
	1.81
	1.73
	1.85

	6
	Ec_DPCH2_TFC2b / Ec_DPCH1_TFC2b = 
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dB
	1.3
	3.0
	5.1
	6.5

	7
	Ec_DPCH1_TFC2b/Ior
%
	7.57
	1.97
	0.80
	0.48

	8
	Ec_DPCH2_TFC2b/Ior
%
	10.21
	3.92
	2.59
	2.15


Table 3  Summary of simulation results: power for 1% BLER, VehA 30 km/h (balanced DPCHs).

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_TFC2a/Ior
dB
	-10.0
	-14.2
	-16.5
	-17.2

	2
	Ec_TFC2b/Ior 
dB
	-9.4
	-12.8
	-14.2
	-14.5

	3
	Ec_TFC2a/Ior
%
	10.00
	3.80
	2.24
	1.91

	4
	Ec_TFC2b/Ior
%
	11.48
	5.25
	3.80
	3.55

	5
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior
%
	1.48
	1.45
	1.56
	1.64

	6
	Ec_DPCH2_TFC2b / Ec_DPCH1_TFC2b = 
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dB
	1.2
	2.5
	3.8
	4.2

	7
	Ec_DPCH1_TFC2b/Ior
%
	4.95
	1.89
	1.12
	0.98

	8
	Ec_DPCH2_TFC2b/Ior
%
	6.53
	3.36
	2.68
	2.57


Table 4  Summary of simulation results: power for 1% BLER, PedB 3 km/h, 
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=2 dB.

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_TFC2a/Ior
dB
	-10.6
	-14.7
	-16.7
	-17.3

	2
	Ec_TFC2b/Ior 
dB
	-9.5
	-13.6
	-14.9
	-15.4

	3
	Ec_TFC2a/Ior
%
	8.71
	3.39
	2.14
	1.86

	4
	Ec_TFC2b/Ior
%
	11.22
	4.37
	3.24
	2.88

	5
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

%
	2.51
	0.98
	1.10
	1.02

	6
	Ec_DPCH2_TFC2b / Ec_DPCH1_TFC2b = 
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dB
	2.0
	2.0
	2.0
	2.0

	7
	Ec_DPCH1_TFC2b/Ior
%
	4.34
	1.69
	1.25
	1.12

	8
	Ec_DPCH2_TFC2b/Ior
%
	6.88
	2.68
	1.98
	1.77


Table 5  Summary of simulation results: power for 1% BLER, Case1 3 km/h, 
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=2 dB.

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_TFC2a/Ior
dB
	-10.1
	-13.9
	-17.8
	-21.1

	2
	Ec_TFC2b/Ior 
dB
	-7.2
	-12.5
	-15.1
	-16.0

	3
	Ec_TFC2a/Ior
%
	9.77
	4.07
	1.66
	0.78

	4
	Ec_TFC2b/Ior
%
	19.06
	5.62
	3.09
	2.51

	5
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

%
	9.28
	1.55
	1.43
	1.74

	6
	Ec_DPCH2_TFC2b / Ec_DPCH1_TFC2b = 
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dB
	2.0
	2.0
	2.0
	2.0

	7
	Ec_DPCH1_TFC2b/Ior
%
	7.37
	2.18
	1.20
	0.97

	8
	Ec_DPCH2_TFC2b/Ior
%
	11.68
	3.45
	1.89
	1.54


Table 6  Summary of simulation results: power for 1% BLER, VehA 30 km/h, 
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=2 dB.

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_TFC2a/Ior
dB
	-10.0
	-14.2
	-16.5
	-17.2

	2
	Ec_TFC2b/Ior 
dB
	-9.0
	-13.0
	-14.5
	-14.6

	3
	Ec_TFC2a/Ior
%
	10.00
	3.80
	2.24
	1.91

	4
	Ec_TFC2b/Ior
%
	12.59
	5.01
	3.55
	3.47

	5
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

%
	2.59
	1.21
	1.31
	1.56

	6
	Ec_DPCH2_TFC2b / Ec_DPCH1_TFC2b = 
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dB
	2.0
	2.0
	2.0
	2.0

	7
	Ec_DPCH1_TFC2b/Ior
%
	4.87
	1.94
	1.37
	1.34

	8
	Ec_DPCH2_TFC2b/Ior
%
	7.72
	3.07
	2.18
	2.13


5. Discussion
In terms of power resource consumption the proposed SSC-based solution to handling bursty IMS traffic requires only 1..3% more power, compared to using extra channelization codes under the PSC. There is one exception to this rule: the Case 1 channel with G=-3 dB. However, this scenario is extremely unlikely to occur in practice: as can be verified from the geometry distribution in figure 4, a very small fraction of the UEs (2%) experience a geometry of -3dB or smaller. Moreover, a UE experiencing the geometry of -3 dB is likely to be in SHO and benefit from diversity gain, compared to the nearly single fading path Case 1 channel. Finally, channel profiles with very little multipath diversity such as Case 1 (or Pedestrian A) are not representative of the macrocellular deployment.
From tables 4, 5 and 6, the Ec_DPCH2_TFC2b/Ior (the physical channel under SSC) lies typically in the range of 1..3%. It can be as high as ~12% when geometry is equal to -3dB. However, for reasons already mentioned above, such a low geometry value and a single radio link are extremely unlikely to coincide in practice.

From tables 4, 5 and 6, a typical SSC loading is equal to 
[image: image38.wmf]b

=2.5% of Node B power. For radio links under the PSC, 
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 can be seen as a reduction of Ior and an additional interference source, i.e. effectively leading to a reduced geometry. Thus, effective geometries are plotted in figure 4 for 
[image: image40.wmf]b

=2.5% and 
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=5%. As can be verified, with 
[image: image42.wmf]b

=2.5% the geometry loss is sub-1 dB for a vast majority of UEs (85%). For the remaining 15%, the somewhat higher geometry loss can be compensated with power control. Even with a pessimistic 5% SSC loading, approximately 60% of UEs experience a sub-1 dB geometry loss, and 90% a sub-3 dB geometry loss.
Finally, it should be noted that the activity of the SSC will be small in practice. For example, TFC2 should only be required at the beginning of the session, in order to reach synchronization between the coder and decoder. Overall, the SSC is expected to be active well below 5% of time.
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Figure 4  Typical geometry CDF, 2-way SHO enabled. 
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 denotes the fraction of Node B power under the SSC.

6. Conclusion and Recommendation
We analysed the benefits and system impact of the proposed usage of secondary scrambling codes to handle the bursty IMS traffic. The following conclusions can be drawn:

· The proposed solution TFC2b is code-resource efficient, requiring only a single channelization code.

· Compared to the TFC2a, which requires twice the code resource of TFC2b, the additional power requirement is typically limited to 1..2%
· The SSC loading is low, typically between 1..3% of Node B power. This leads to a small loss of effective geometry, which can be recovered by fast power control.

· The SSC activity is low (<5% of time), hence its system impact will be minimal in practice.

In the light of the above findings, it is recommended that the SSC-based transport format combinations are adopted for carrying Voice over IMS. 

Annex A   Proposed 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  Simulation Results

Table B1  Link Level 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

	DPCH2 Ec/Ior
	varied with respect to DPCH1 (
[image: image45.wmf]r

 parameter)

	OCNS
	varied to sum total Ec/Ior to 1

	Geometry
	varied

	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

	inner loop power control
	on


Table B2  System Level Simulation Assumptions (for geometry CDF)

	Parameter
	Value

	cellular layout
	hexagonal grid

	sectorization
	yes, 3 sectors/site

	site to site distance
	1000 m

	NodeB antenna gain + cable loss
	14 dBi

	antenna front to back ratio
	20 dB

	horizontal antenna pattern
	A(() = -min[12((/(3dB)2, Am] dB
( = -180..180, Am = 20

	antenna beamwidth, -3 dB
	70 degrees

	propagation model
	PL = 128.1 + 37.6*log(R) dB

	minimum coupling loss
	70 dB

	std of shadow fading
	8 dB

	correlation between sites for slow fading
	0.5

	BS total transmit power
	43 dBm

	thermal noise
	-174 dBm/Hz

	UE noise figure
	9 dBm

	SHO
	2-way when two strongest links within 3 dB of each other
otherwise no SHO
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