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1 Summary and Recommendation
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.
This document addresses the first of the above concerns, building on the companion document [2], which addresses the latter concern.
The following conclusions can be drawn based on the analysis:
· The system, including the power control loops, remains stable in the presence of SSC.
· The introduction of the SSC does lead to an increase of Ior (for a fixed QoS), due an increased Ec of individual physical channels to compensate for extra interference.

· The Ior penalty is relatively small. For example, when activating the SSC for 3 IMS users in parallel, each with a 100% traffic activity, the Ior increase was equal to 0.5 dB. It should be noted that the situation where 3 physical channels under the SSC become 100% active in one cell at the same time is very unlikely, even in the presence of multiple IMS sessions in the cell, as 100% SSC activity is required only in the case of a fully uncompressed RTP header update.
Therefore, we recommended that the analysis of the SSC for IMS is deemed complete in RAN1, and that this fact is communicated to RAN2 in a liaison statement.

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.
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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 Summary of Results

Since a physical channel under the SSC introduces intra cell interference, it is important to study the system impact of placing DPCH2 under the SSC, compared to placing it under the PSC. This impact is quantified in terms of the total Ior, required to satisfy a certain SIR_target (service dependent) by a pool of UEs in the presence and absence of the SSC.

The summary of simulation results can be found in table 1 (refer to a following section for detailed results). Three scenarios were simulated: a combination of IMS users with speech users (1), data users (3), and an all-IMS UE deployment (2).
As can be verified, the total transmit power penalty, associated with the introduction of the SSC, is limited to 0.4 – 0.5 dB when a single IMS user is active and experiences a geometry of -3 dB. When the single IMS user experiences a higher geometry, the power penalty does not exceed 0.25 dB. It should be noted that these figures correspond to the instances when the SSC is active and fully occupied. Partial occupancy would lead to a lower penalty. In the typical case of receiving SRB and compressed RTP only, there is no need to activate the SSC at all.
For the scenarios with the 3 IMS UE deployment, the Ior penalty of 0.5 dB was recorded. This corresponds to 3 users receiving on the SSC at the same time, with 100% traffic activity and full occupancy of the SSC (DPDCH part). Since such an event is considered very unlikely, this is believed practically to represent a bound for the SSC system impact.

The above penalty figures are believed to be pessimistic, since SHO was not considered.
Most importantly, the simulation results demonstrate that the usage of the SSC does not lead to any system instability.

Table 1  Results summary (orthogonality factor = 0.4). Ior penalty was read at 50th percentile of Ior.
	#
	scenario
	IMS UE geometry, dB
	Ior penalty from using TFC2b for IMS, compared to using TFC2a, dB
	outage, %

	
	
	
	
	TFC2a
	TFC2b

	1
	29 8kbps speech UEs
+ 1 IMS UE at fixed geometry
	-3
	0.4
	0.5
	1.2

	
	
	 3
	  0.25
	0.2
	0.3

	
	
	 9
	0.2
	0.1
	0.2

	
	
	15
	0.2
	0.2
	0.2

	2
	27 8kbps speech UEs
+ 3 IMS UEs randomly located
	N/A
	0.5
	0.4
	0.7

	3
	14 IMS UEs (DPCH1 only)
+ 1 IMS UE (DPCH1 & 2) at fixed geometry
	-3
	0.5
	1.0
	1.8

	
	
	 3
	0.2
	0.9
	1.0

	
	
	 9
	  0.15
	0.8
	0.9

	
	
	15
	  0.15
	0.9
	0.9

	4
	12 IMS UEs (DPCH1 only)
+ 3 IMS UEs UE (DPCH1 & 2) randomly located
	N/A
	0.5
	1.1
	1.5

	5
	4 144 kbps data UEs 
+ 1 IMS UE at fixed geometry
	-3
	0.4
	4.7
	5.7

	
	
	 3
	0.2
	4.3
	4.8

	
	
	 9
	  0.15
	4.4
	4.6

	
	
	15
	  0.15
	4.6
	4.6


4 Simulation Description
In the simulation, we deploy k UEs. Out of these, n are designated as receiving IMS, and k-n as receiving a different, test specific service. The simulation steps can be summarized as follows, and the detailed simulation assumptions can be found in the Annex:

1. Deploy a macrocellular cell grid (hexagonal, central cell + 2 surrounding rings), uniformly distributing UEs over the grid. Perform UE – Node B affiliation until k users are affiliated to the central cell.
2. Initialize the UEs with service-specific parameters (SIR_target, SF, etc.). DL transmissions to non-IMS UEs occur under the PSC only. DL transmissions to IMS UEs can occur under the PSC or PSC & SSC, depending on the test.
3. Initialize the Ec for each UE.
4. Calculate the effective SIR at each UE. Iterate the inner power control loop until convergence or PC loop counter termination criterion.
5. Log the Ior.

The above procedure is repeated over a large number of UE drops, in order to obtain an Ior CDF. For any drop, 3 Ior values are collected:
· Ior_TFC1 : all IMS users are configured to receive TFC1;

· Ior_TFC2a : all IMS users are configured to receive TFC2a;

· Ior_TFC2b : all IMS users are configured to receive TFC2b.

When obtaining the above Ior_TFCx values, the same set of UE locations is used (within one drop), but their initial Ec values are re-randomized each time.
4.1 SIR Calculation
For a physical channel under the PSC, the SIR is calculated as follows:
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where g is the path gain,  is the orthogonality factor, 
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. Ec is the DPCH energy per chip at the transmitter, and Ioc and Nt are power spectral densities of interference and receiver noise.
Analogously, for a physical channel under the SSC, the SIR can be calculated as follows:
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When multiple IMS UEs are activated with TFC2b, it is assumed that their respective DPCH2 are placed under the same SSC (but different channelization codes).

For multicode under the PSC, which occurs for TFC2a, it is assumed that 
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For multicode under the PSC & SSC, which occurs for TFC2b, the effective SIR is calculated as follows:
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Finally, the above SIR values and Eb/N0 values [6] are linked by the following relationship:
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4.2 Recovered Power
Due to the presence of the SSC, the IMS UE may only be able to allocate a reduced number of rake fingers to the dedicated physical channels. Based on the findings of the link level study [2] this is recognized by setting the fraction of recovered power (rx efficiency) to 0.9 for IMS UEs when TFC1 & TFC2b are employed. When TFC1 & TFC2a are employed, this is set to 1.0.

4.3 Outage Criteria

A UE is deemed to be in outage when its SIR falls short of the target by more than 0.5 dB [6]. This can occur due to the UE requiring too much power from the Node B, which is clipped according to the ‘max Ec_DPCH/Ior’ criterion. Note that no congestion control to counteract Node B exceeding the maximum transmit power was employed: SSC impact is assessed in terms of Ior penalty for a fixed number of served UEs.
5 Detailed Results

The figures below show the Ior CDF for a number of scenarios. First of all, we distinguish between the following two cases:

· DPCH1 & 2 are placed under the PSC for IMS UEs, and the rx efficiency is 1.0.

· DPCH1 is placed under the PSC and DPCH2 under the SSC for IMS UEs, and the rx efficiently is 0.9.

For each of the above cases, two simulations were run: (1) with IMS UEs receiving the typical data burst TFC1 and (2) with IMS UEs receiving the worst case data burst TFC2. This gives rise to 4 CDF plots.

The Ior penalty, associated with the introduction of the SSC is the distance between the CDF corresponding to TFC2b and TFC2a.

Two values of orthogonality factor were simulated: 0.0 and 0.4. It should be noted that only the latter is relevant to the macrocellular deployment [6]. Results corresponding to orthogonality factor of 0.0 provide an illustration of the idealized limiting case, where no self-interference is experienced by the receiver.
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Figure 2 Scenario 1: 29 8kbps speech UEs + 1 IMS UE with G = -3, 3, 9, 15 dB. Orthogonality factor = 0.0.
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Figure 3 Scenario 1: 29 8kbps speech UEs + 1 IMS UE with G = -3, 3, 9, 15 dB. Orthogonality factor = 0.4.
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Figure 4 Scenario 2:  27 8kbps speech UEs + 3 IMS UEs.
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Figure 5 Scenario 3: 14 IMS UEs  (DPCH1 only) + 1 IMS UE  (DPCH1 & 2) with G = -3, 3, 9, 15 dB. Orthogonality factor = 0.0.
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Figure 6 Scenario 3: 14 IMS UEs  (DPCH1 only) + 1 IMS UE  (DPCH1 & 2) with G = -3, 3, 9, 15 dB. Orthogonality factor = 0.4.
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Figure 7 Scenario 4: 12 IMS UEs  (DPCH1 only) UEs + 3 IMS UEs (DPCH1 & 2).
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Figure 8 Scenario 5: 4 144kbps data UEs + 1 IMS UE with G = -3, 3, 9, 15 dB. Orthogonality factor = 0.0.
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Figure 9 Scenario 5: 4 144kbps data UEs + 1 IMS UE with G = -3, 3, 9, 15 dB. Orthogonality factor = 0.0.
Annex A
Simulation Assumptions

	Parameter
	Value
	Comment

	cellular layout
	hexagonal grid
	

	number of rings around central site
	2
	

	sectorization
	yes, 3 sectors/site
	

	site to site distance
	1000 m
	

	BS total transmit power
	43 dBm
	For interfering Node Bs.
No congestion control at serving Node B.

	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
	

	std of shadow fading
	8 dB
	

	minimum coupling loss
	70 dB
	

	correlation between sites for slow fading
	0.5
	

	thermal noise
	-174 dBm/Hz
	

	UE noise figure
	9 dB
	

	HO threshold
	3 dB
	hard handover; SHO was not considered (conservative)

	orthogonality factor
	0.0 and 0.4
	0.4 is typical in macrocellular environment, [6].

	
	
	

	common channel Ec/Ior
	0.2
	

	max Ec_DPCH/Ior
	-10 dB (8 kbps speech, VoIMS)
  -7 dB (144 kbps data)
	For physical channels under SSC (IMS only) this can be further increased by rho.

	min Ec_DPCH/Ior
	-30 dB
	

	initial Ec_DPCH/Ior
	randomly & uniformly distributed between min & max
	

	SIR_target
	2.2 dB (8 kbps speech)

6.0 dB (IMS)

2.3 dB (144 kbps data)
	Speech and data targets from [6]. IMS target based on simulations.

	inner loop power control
	on
	

	inner loop PC step
	1.0 dB
	

	outage criterion
	SIR_target – SIR > 0.5 dB
	otherwise satisfied user

	Rx efficiency (fraction of power recovered by UE)
	1.0 non-IMS UEs
1.0 IMS UEs when using TFC1          & TFC2a
0.9 IMS UEs when using TFC1       & TFC2b 
	IMS: loss related to reduced number of rake fingers per DPCH.

	rho = Ec_DPCH2/Ec_DPCH1
	2 dB
	when DPCH1 under PSC and DPCH2 under SSC, otherwise 0 dB

	spreading factor
	128 (8 kbps speech)

128 (IMS)

  16 (144 kbps data)
	

	
	
	

	traffic activity
	100%
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