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1 Introduction
In the #38bis meeting, RAN1 identified the following outstanding issues before finalizing the analysis of the SSC solution for VoIMS [1]:
· Impact at system level of the VoIMS users on other channels in the cell using the primary scrambling code, and on power control.
· Impact of receiving PSC and SSC in parallel on terminal complexity and power consumption.
In this document, we present further link level simulation results, continuing from a previous contribution [8]. We also address the latter of the above concerns, by analyzing the impact of limiting the number of rake fingers (descramble-despread operations) per DPCH. Put otherwise, it is accepted that a small receiver performance penalty may take place, but UE complexity not increased.
Based on the presented results it can be concluded that the link-level transmit power penalty, associated with introducing the SSC is small. It was found not to exceed 1.8% of the total transmit power, irrespective of UE geometry. In relative terms, this translates to 0.25 – 4.0 dB, with the higher values coinciding with high geometry, where the Tx power level is very low.
The UE impact associated with the parallel reception of physical channels under the PSC and SSC was assessed by simulation, where the number of rake fingers available per DPCH was reduced. As a result, an efficiency factor of 0.9 is introduced into the system level study described in the companion document [2].
2 Background

The aim of this work is to analyze the impact of using the SSC as a means of handling infrequent data bursts that can be experienced by a VoIMS user in the downlink. The simulation focuses on the ‘typical’, as well as the ‘worst case’ transmission bursts, namely:

· typical: SRB + compressed RTP (referred to as TFC1 in this document)

· worst case: SRB + uncompressed RTP (referred to as TFC2 in this document)

The precise definition of the proposed RAB can be found in [3][4]; at this point it is important to recall that TFC2 offers approximately 2 times as many bits to the physical layer as TFC1, and that TFC1 is the dominant transmission burst, i.e. one that occurs by far the most frequently [5].

An illustration of how these two transport format combinations are to be handled by the physical layer is shown in figure 1. With TFC1, all TrCH bits are mapped onto a single SF128 DPCH1 under the primary scrambling code (PSC). A small fraction of the physical bits on DPCH1 may be DTX-ed, depending on the choice of the rate matching parameters. With TFC2, the TrCH bits completely fill two SF128 physical channels. Thus, an IMS user is allocated an ‘overflow’ physical channel, DPCH2, which is used rarely. It is proposed that this physical channel is placed under the secondary SC (see TFC2b in figure 1), with the benefit of not taking up the physical resources under the PSC.

Other transport format combinations, also occurring infrequently, can deliver more bits than TFC1, but fewer than TFC2. Thus, they will partially occupy DPCH2, introducing a level of intracell interference if mapped onto the SSC. These TFCs are not analyzed in detail, as the system impact of introducing the SSC is bounded by the worst case TFC2.

The SSC activity for an IMS user can be summarized as follows [5]:

· Full or nearly full usage, i.e. DPDCH part of DPCH2 completely filled with data (SRB + uncompressed RTP, or uncompressed RTP only):
· At the beginning of the session: for the duration equal to the round trip time (RTT) or less. The RTT is estimated as 160 ms [6].
· During the session: infrequently, for the duration of the RTT or less.

· Partial usage, i.e. DPDCH part of DPCH2 partially filled with data:
· SIP frames at session start: according to RAN2, 1 SIP message needs to be transmitted after the conversational radio bearer has been established [5]. This is transmitted in the acknowledged mode. By way of an example, RAN2 states that a group of 12 SIP messages takes up 7500 bytes, which can be reduced in size by up to 90% with mandatory compression. An optimistic calculation of the size of a SIP message is therefore: 7500*8/(12*10) = 500 bits. In reality, this is likely to be larger, say up to 1000 bits. With SIP TF1 (transport block size 336 bits), this could be carried in 3 TTIs, i.e. 3*40ms = 120ms.
· RTP header updates during the session: RAN2 expects the following updates: 12 extra bytes in <1% of the time, 4 extra bytes in 1% of the time, and 2 extra bytes in 6% of the time. The SSC activity that will be caused by such updates is heavily dependent on the RAB definition. This can be designed such that the 2-byte update fits into the smallest non-zero RTP TF1, and does not activate the SSC. This means that the partial usage will occur 2% of the time, during the 12 and 4 byte updates. For these, an intermediate transport format TF2 has been proposed for RTP in [4]. By using this format, the SSC occupancy will be limited to approximately: 10% (if RTP sent alone) or 35% (if RTP sent with SRB). The 3rd, and largest TF3 is reserved for handling uncompressed RTP, already described above.
· SIP frames during the session: infrequently, transmitted in the acknowledged mode. SIP may be used to carry CN signalling. Should this turn out to have a high activity, then a RL reconfiguration may be necessary. However, such a requirement is not peculiar to the SSC-based solution, but also to other VoIMS RAB optimization proposals.
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Figure 1  Multiplexing diagrams for TFC1, TFC2a and TFC2b (DPCH2 under SSC). Slanted line denotes inactive parts of the chain.

3 Link Level Performance Summary
3.1 Ec Requirement

This section is a continuation of link level simulation results previously presented in [7]. The main changes in simulation assumptions are the usage of outer loop power control and TPC error modelling.
Simulation results, summarized in tables 1 and 2, show the Ec/Ior comparison for TFC2a (DPCH1 & 2 under PSC) and TFC2b (DPCH1 under PSC, DPCH2 under SSC). In the case of TFC2b, the power offset 
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 between DPCH2 and DPCH1 was kept constant at 2 dB in all simulations. As can be verified, the overall Ec/Ior increase, associated with the introduction of the SSC is small. For the Pedestrian B channel, it is equal to 0.4 – 2.5 dB (depending on geometry), and does not exceed 1.6% of total transmit power. For the Case 1 channel, it is equal to 0.25 – 4.0 dB, and does not exceed 1.8% of total transmit power.
Table 1  Summary of simulation results: power for 2% BLER on RTP, 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
	-9.4
	-14.0
	-16.1
	-16.9

	2
	Ec_TFC2b/Ior 
dB
	-8.9
	-12.7
	-14.0
	-14.5

	3
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

dB
	0.43
	1.29
	2.07
	2.47

	4
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

%
	1.21
	1.39
	1.49
	1.55


Table 2  Summary of simulation results: power for 2% BLER on RTP, Case1 3 km/h, 
[image: image8.wmf]r

=2 dB.

	row index
	Node B power usage
	Geometry, dB

	
	
	-3
	3
	9
	15

	1
	Ec_TFC2a/Ior
dB
	-6.8
	-13.0
	-16.6
	-19.1

	2
	Ec_TFC2b/Ior 
dB
	-6.5
	-11.9
	-14.1
	-15.2

	3
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

dB
	0.25
	1.11
	2.49
	3.91

	4
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Ec = Ec_TFC2b/Ior - Ec_TFC2a/Ior

%
	1.24
	1.46
	1.71
	1.79


3.2 Ec Requirement, Reduced Number of Rake Fingers

A concern was raised that, due to placing DPCH2 under the SSC, an IMS UE may only be able to allocate a reduced number of rake fingers to the dedicated physical channels. At the same time, it is required to constantly monitor both the DPCH1 and DPCH2 as it has no advance knowledge of their activity.

The penalty, associated with such an implementation can be assessed based on figure 4. As can be verified, reducing the number of rake fingers from 6 to 3 per physical channel carries an Ec/Ior penalty bounded by 1 dB in the Pedestrian B channel. The penalty remains quite constant with geometry.
The extra power requirement can be interpreted as an inability of the UE hardware to recover all of the power that reaches its antenna. This is taken into account in the system level study [2] by introducing a ‘receiver efficiency’ figure of 0.9 for IMS users for which the SSC is activated. This is equivalent to an Ec/Ior penalty of 0.5 dB rather than 1 dB, with the following justification:
· Whether or not any loss in link efficiency occurs is UE implementation dependent.

· Whether a possible loss is inherent in using the SSC or in fact in using multicode transmission (whether under PSC or PSC/SSC mixture) is implementation dependent.

· The Pedestrian B model is representative of multipath-rich environments, in which any penalty would be most pronounced.
· The simulations were performed with a simplified placement algorithm, namely finger placement on the earliest arriving paths, which are not necessarily instantaneously strongest.
4 Simulation Results
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Figure 2  IMS TFC1 performance in the static channel with AWGN, G=3dB. Coding parameters are selected such that the SRB is much better protected than the RTP under typical operating conditions, i.e. ~1% RTP BLER.
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Figure 3  Ec/Ior vs. geometry for 2% RTP BLER. Number of rake fingers was equal to the number of channel model taps.
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Figure 4  Ec/Ior vs. geometry for 2% RTP BLER, comparison of using 6 and 3 rake fingers per DPCH.
Table 3  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

	DPCH slot format
	9 (SF128)

	DPCH1 Ec/Ior
	varied

	DPCH2 Ec/Ior
	power offset by 
[image: image15.wmf]r

=2 dB relative to DPCH1
varied in line with DPCH1

	OCNS
	varied to sum total Ec/Ior to 1

	Number of rake fingers
	(i) equal to # of channel taps per DPCH
(ii) equal to 3 per DPCH
placed on earliest arriving paths,
irrespective of instantaneous path power

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes

	turbo decoding
	Log MAP, 4 iterations

	SIR estimation
	realistic

	outer loop power control
	on

	BLER target
	2% on TrCH2 (RTP)

	inner loop power control
	on

	inner loop power control step
	1 dB

	inner loop power control delay
	1 timeslot

	TPC error rate
	4%
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