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1 Introduction
The occasional use of the secondary scrambling code (SSC) to facilitate VoIMS in the DL was discussed in a number of documents [1][2][3][4]. It is particularly attractive for efficient physical resource management in the cell through not allocating dedicated physical channels under the primary scrambling code (PSC) for low activity traffic.

The proposed solution involves placing two physical channels, DPCH1 (under the PSC) and DPCH2 (under an SSC) under the same CCTrCH, as mandated by 25.213, section 5.2.2. Depending on the PSC and SSC deployment in the cell, the DPCH1 and DPCH2 may experience different levels of intracell interference at the receiver. Under unfavourable propagation conditions and UE geometry, this may lead to an SIR imbalance between the two physical channels.
Despite any SIR imbalance, efficient link performance can be guaranteed with appropriate SIR estimation in the UE, as discussed in the latter part of this contribution. However, the usage of the PSC/SSC mix as mandated by 25.213 is not as yet covered by RAN4 performance requirements. Thus, it is not clear if existing UE implementations would ensure efficient Tx power usage in the Node B when the PSC/SSC mix is employed.
Therefore, as a way forward, we propose sending an LS to RAN2 and RAN4

· stating that RAN1 has completed the study of physical layer aspects of the proposal;
· pointing out the issue of SIR imbalance, and requesting that this is addressed in RAN4 by introducing suitable UE performance requirements.
2 Discussion

To overcome the code limitation under the primary scrambling code (PSC) tree, it is proposed that VoIMS is mapped onto two physical channels under the same CCTrCH:

· DPCH1 under the PSC

· DPCH2 under an SSC

The cost associated with the PSC-SSC mixture is the intracell interference exerted by the SSC onto the PSC transmissions in the cell, and vice versa. However, this is acceptable under a code-limited scenario, especially as the activity of the SSC is expected to be very low in practice.
However, in general, a different amount of power will be allocated in the Node B to physical channels under the PSC and any of the SSC’s (when present). This may lead to an SIR imbalance between the DPCH1 and DPCH2. That is, the SIR experienced by DPCH1 may differ from the SIR experienced by DPCH2, which is undesired. The extent to which this occurs depends on a number of factors, and it can be qualified as follows:
· The SIR imbalance depends on the TX power split between different scrambling codes in the Node B. When the power allocated to the PSC transmissions significantly exceeds the power of SSC transmissions, the imbalance can be significant. Conversely, when Node B power is split roughly equally between the PSC and SSC, the imbalance diminishes.
· The SIR imbalance decreases as geometry decreases. This is because intercell interference becomes dominant at low geometries. Conversely, the imbalance increases with increasing geometry.

· The SIR imbalance decreases as channel delay spread increases. This is because the near-far effect becomes more pronounced in the DL with increasing delay spread.
Fortunately, despite any SIR imbalance, efficient link performance can be guaranteed with appropriate SIR estimation in the UE, which is illustrated in the following section.

2.1 Benefits of Improved SIR Estimation

Placing DPCH1 and DPCH2 under different scrambling codes may lead to an SIR imbalance between the two physical channels. The consequences of this are dependent on the SIR estimation algorithm for IL PC employed in the UE.

Figure 1 compares two example SIR estimation algorithms in the Pedestrian B and Case 1 channels at 3 km/h.

1. An SIR estimate is formed, that is representative of DPCH1 only, i.e. SIR = SIR_DPCH1.

2. Two estimates are formed, one for each physical channel, i.e. SIR_DPCH1 and SIR_DPCH2. For power control purposes, the minimum of the two values is then used, i.e. SIR = min(SIR_DPCH1, SIR_DPCH2).
As can be verified, the algorithm (2) leads to power savings of up to 2 dB and 8 dB in the Pedestrian B and Case 1 channels, respectively, for high geometry values. Thus, efficient link level performance can be guaranteed if the PSC/SSC mix is used, as long as SIR estimation in the UE takes both physical channels into account. It is interesting to note that the effect of SIR imbalance is significantly smaller in the Pedestrian B channel, which corresponds to more typical propagation conditions, compared to Case 1. Nevertheless, the SIR estimation algorithm (2) is required to also cover the worst-case flat-fading condition exemplified by Case 1.

In the simulation the DPDCH fields of DPCH1 and DPCH2 were fully occupied (no DTX). For the algorithm (2), it was assumed that the presence of data on DPCH2 is known to the UE. The SIR_DPCHi was then estimated based on data received on DPDCHi (semiblind estimation).
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Figure 1  Link level benefit of improved SIR estimation.
Ec denotes the sum of Ec_DPCH1 and Ec_DPCH2.

2.2 Feasibility

The above example was based on some simplifying assumptions, namely:

· The physical channels were fully occupied, i.e. there was no DTX on DPDCH1 or DPDCH2.

· The UE knew a priori that DPCH2 was active.
In practice, parts of the physical channels can be DTX-ed, and the UE has no advance knowledge of their activity. Nevertheless, we believe SIR estimation for both DPCH1 and 2 to be feasible in practice. To this end, we describe a number of possible implementations below. Note that we can assume the availability of Signal and Interference estimates for DPCH1 in the UE, which are designated S1 and I1. Thus the task is to find S2 and I2. Naturally, a hybrid of different algorithms can be employed to improve the estimation accuracy.
2.2.1 Option 1: Exploiting Tx Gaps on DPCH2
Since both physical channels are transmitted at the same power, S2 = S1 = S.

As DPCCH is only transmitted on DPCH1, transmission gaps are always present on DPCH2. The positions of these gaps are known to the UE (with slot format 9, the gap length  is equal to 4 symbols/slot). Thus, I2 can be estimated during these gaps.

The power offsets PO1, 2 and 3 may bias the above interference estimate. However, the bias will be negligible, due to the presence of common channels and other radio links in the cell.

2.2.2 Option 2: Semiblind Estimation

Since both physical channels are transmitted at the same power, S2 = S1 = S.

The UE determines whether or not DPCH2 contains any active symbols by thresholding the received DPDCH2 data. The value S can be employed to set the threshold appropriately. The symbols deemed to be active by the thresholding algorithm are fed into a semiblind SIR estimator to obtain I2.

It should be noted that semiblind estimation is also required by the TPC-only F-DPCH.

2.2.3 Further Implementation Improvements
The reliability of estimating SIR_DPCH2 can be further increased by the following means:

· Exploiting the knowledge of frame or TTI boundaries. Option 2 above assumes that the activity of DPCH2 is performed individually for each timeslot, in isolation from other slots. However, the knowledge of the detection outcomes in previous timeslots of the same frame or TTI can make the estimation more robust.
· Exploiting early TFCI decoding. Successfully decoding the TFCI before the full TTI is received removes the need for DPDCH2 detection stage in remainder of that TTI.

· Slow SIR estimation in the CCTrCH or TrCH. Instead of forming estimates for SIR_DPCH2 on the timeslot basis, it may be sufficient (from the link performance standpoint) to do it more seldom, e.g. on the radio frame basis or TTI basis.

· Introducing a power offset between DPCH2 and DPCH1. The power of DPCH2 can be boosted in the Node B (with or without RNC signalling) to aid DPCH2 detection. Signalling the power offset to the UE is not strictly required by the UE, but could be performed to improve the estimation.

3 Conclusion and Recommendation

RAN1 was requested to study the physical layer aspects of the VoIMS proposal discussed in RAN2 [1][2]. RAN1 has investigated a number of issues, including interference [3], UE impact [4] and SIR imbalance.
RAN1 has identified the SIR imbalance between DPCH1 (under PSC) and DPCH2 (under SSC) as a potential source of radio link inefficiency, which is eliminated by a suitable SIR estimation algorithm in the UE. As this is an implementation issue, it may be necessary to extend RAN4 performance requirements to cover the PSC/SSC mix.
We propose that the above conclusion in captured in an LS to RAN2 and RAN4. The draft has been provided below.

4 Simulation Assumptions

Table 1  FRC

	TrCH
	TTI, ms
	FEC
	Ninf/TTI, bit
	DPCH
	slot format
	SF
	PSC/SSC

	1 (SRB)
	40
	cc, 1/3
	148
	1
	9
	128
	PSC

	2 (RTP)
	20
	tc
	320
	2
	9
	128
	SSC

	3
	40
	tc
	800
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Figure 2  Illustration of physical channel mapping.

The figure above illustrates how the transport channels were mapped onto the physical channels. The rate matching parameters were set in such a way that TrCH1 & 2 were mapped onto DPCH1, while TrCH3 is mapped onto DPCH2. Considering the SIR imbalance, this is the worst-case scenario, because any transport channel is fully affected by the imbalance. The other extreme (best-case) would occur when a single transport channel is mapped onto both DPCH1 & DPCH2 (equal split).
Table 2  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 and DPCH2 Ec/Ior
	varied

	OCNS
	varied to sum total Ec/Ior to 1

	Number of rake fingers
	equal to # of channel taps

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes

	SIR estimation for IL PC
	(1) estimated for DPCH1 only
(2) estimated for both DPCH1 and DPCH2

	outer loop power control
	on

	BLER target
	2% on TrCH2
0.2% on TrCH3

	inner loop power control step
	1 dB

	inner loop power control delay
	2 timeslots

	TPC error rate
	4%
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1. Overall Description:

RAN1 has completed the study of physical layer aspects of the proposal for DL VoIMS, which involves employing two physical channels: DPCH1 under the PSC (primary scrambling code) and DPCH2 under the SSC (secondary scrambling code). DPCH1 and DPCH2 are under the same CCTrCH, and the TFCs requiring DPCH2 are infrequent. An example proposed IMS RAB can be found in [1]. RAN1 came to the following conclusions:

· When the PSC/SSC mix is employed, the usage of Node B power resources is dependent on how SIR estimation is implemented in the UE.

· With appropriate SIR estimation in the UE, Node B power is used efficiently. An example SIR estimation algorithm that leads to efficient power usage is one that sets SIR = min(SIR_DPCH1, SIR_DPCH2), where SIR_DPCHi is the SIR estimate for the physical channel i [2].
Conversely, inappropriate SIR estimation in the UE may lead to highly inefficient power usage in the Node B.

· The PSC/SSC mixture is mandated by RAN1 specifications. Therefore, the proposal is feasible from the physical layer point of view. However, RAN1 believes that ensuring correct UE behaviour (as exemplified above) is crucial for deploying the PSC/SSC mixture efficiently.

2. Actions

To RAN2:

RAN1 asks RAN2 to take the above information into account in future discussion of the RAB Support Enhancement WI.

To RAN4:

RAN1 requests RAN4 to consider setting UE performance requirements for the case of using a mixture of PSC and SSC on one CCTrCH in the downlink.
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