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1. Overview

In [1], the signaling of the SCCPCH power offset was proposed to facilitate the UE’s reception especially in the soft combining case.  During the discussion of [1], it was agreed in RAN2 that signaling neighbor cell S-CCPCH power offsets may be desirable [2].  In this paper, some further analysis is provided as well as the simulation results. An efficient way for the SCCPCH power offset signaling is also suggested.

2. SCCPCH Power Offset 

Since the SCCPCH has no dedicated pilots, the UE needs to know the power offset of the SCCPCH in to improve turbo decoding performance and particularly to facilitate macro diversity soft combining. The power offset is essential to determine the noise corrupting the symbols. Currently the power offset of the SCCPCH to the CPICH is not transmitted to the UE. This may be OK for the low rate service on the previous SCCPCH. However, MBMS can have very high data rates (as high as 256Kbps), so this mechanism may not work well. Moreover, without this signaling, the UE needs to do extra power estimation work. Since it is desirable, for example in the case of partial soft combining, to have different power levels for different FACH, accurate power estimation can become difficult as well as complex for the UE. 

It is possible to perform turbo decoding of single radio links without this noise estimate to near optimum performance., However, the loss is much greater when soft combining is involved. When soft combining, the LLRs of each RL must be computed prior to combining which means that the noise estimate of each RL is important. Furthermore, with 3 radio links, the possible gain over a single radio link is as much as 8 dB which implies each of the radio links operates at an average SINR of about 8 dB lower than what is needed for it to decode by itself. Therefore, it is crucial to have a reasonably accurate noise estimate.

Furthermore, when the power of SCCPCH changes, the UE should be notified to do the power estimation again (especially for some possible quick change in the case of congestion) or else it will be required to continuously measure SCCPCH power. Figure 1 shows some simulation results. 
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Figure 1. Simulation Results for SCCPCH Power Offset

3. Signaling Proposal 

How to reduce the signaling load incurred by this is an important issue. In [1], it was proposed to signal SCCPCH power offset to CPICH. Using CPICH as a reference requires a large dynamic range for the SCCPCH power offset. The method proposed in [1] uses a range of [-50, 120], which requires around 8 bits per IE. Note that this is per SCCPCH per neighbor cell, and that the IE is mandatory present, so the 8 bits are always required. Assume 8 SCCPCHs per neighbor cell, and 20 neighboring cells, 4 repetition periods (“RP”) per modification period (“MP”) (assume 5.12s modification period). This gives 1280 new information bits per RP, which is not trivial at all. The disadvantages of the method are as follows: 

1) The power offset signaling overhead is high.

2) The power offset signaling is always present, even though the power offset of the SCCPCH does not change often (since the method was proposed to help with congestion). 

We therefore proposed enhancements to the method of [1], as follows:

1) Signal the default SCCPCH power offset value (relative to the CPICH) in MBMS Common Radio Bearer Information. 

2) If the SCCPCH power offset is absent in Neighbor Cell RB information, use the default value in MBMS Common Radio Bearer Information; otherwise use the value in Neighbor Cell RB information. (Note when the default value is used, the fraction of the cell that has MBMS coverage is identical for all cells.  This is because for soft combining, the same physical channel configuration and transport format combinations must be used during L1 combining periods. In the case of selection combining, the default SCCPCH power level may be different. It may be simply derived by considering the ratio of the spreading factors on the current and neighbor cells.. For example, assume the default power offset of the reference SCCPCH is P1 dB, and spreading factor is SF1, and  for a certain neighboring SCCPCH the spreading factor is SF2, then UE can simply calculate the default power level for the neighboring SCCPCH as 10*log10(SF1/SF2)+P1). 

3) The signaled value in Neighbor Cell RB information is the offset to the default SCCPCH power offset value. 

By this method, we greatly reduce the Neighbor Cell information update rate, since most of the time, only the default value is applied for the neighboring SCCPCHs and the referring SCCPCH in the current cell. This simple approach reduces the signaling load by a factor of the number of neighbor cells compared to the approach of [1]. In the proposed method, the signaling is reduced to 64 information bits most of the time.  

 Further, we reduce the dynamic range of the SCCPCH since it only compares with its default value. For example, if the maximum power reduction limit due to congestion is half of the normal power (which reduces coverage could from 95% to 70% in typical cases), then [-3dB, 0] is what we need for the dynamic range. For the SCCPCH power offset to CPICH case of [1], the different power level of the SCCPCH carrying different data rates should also included in the dynamic range which much increase the possible values. We believe that [-3 to 3] at the step of 0.2dB may good enough, which gives 5 bits per IE. The usage of the positive values is described in the next section. 

4. Neighboring Cell Assisted Coverage Recovery 

In some cases, if one cell is decreasing its transmission power on a certain SCCPCH, the coverage is reduced.  However, to maintain the same coverage, network can request the neighbor cell to increase the transmission power of relevant SCCPCHs if the neighbor cells have available power. This can improve the coverage of the cell with decreased SCCPCH power. We ran simulations to show how much power the neighbor cells are required to maintain the affected cell’s coverage. Figure 2 shows the coverage for the normal operation in the current cell. 
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Figure 2. Normal Case

It is seen for 95% coverage, -10.5dB power is required. Assume congestion occurs, the cell must reduce its power by 2dB, say now becomes to -12.5dB, which equivalent for 75% coverage. Figure 3 shows the power that neighbor cell needs to increase to maintain the 95% coverage in the affected cell (current cell). From Figure 3, we can see that neighboring cell needs to increase to -9.5 dB to maintain the 95% coverage of the current cell. 
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Figure 3. Power that neighbor cell needs to increase.

5. Conclusion 

If signaling of the SCCPCH power offset is decided, the proposed method can be an alternative to reduce the signaling load. 
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SIMULATION PARAMETERS

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	57 sectors (3 rings)

	Simulation type
	Snapshot
	

	Cell radius
	1000 meters
	

	Antenna Pattern
	Gain=min (12((/(3dB)^2,20)
	Front-to-back-ratio=20dB

Half-power-beamwidth=70 degrees

	Propagation Model
	PL=128.1+37.6log10(d)
	D in Km

	Lognormal std.
	8dB
	

	Correlation between sectors
	1
	

	Site-to-site correlation
	0.5
	

	Carrier frequency
	2GHz
	

	BS antenna gain
	14dB
	

	Noise
	None
	Assuming interference limited

	BS total power 
	17Watts or 42.3dBm
	

	Antenna Bore-sight 
	Point toward flat side of cell.
	


Parameters used to compute the coverage are:

	Parameters
	Value

	Channel
	Vehicular A 

	Spreading Factor
	16

	Mobile Speed
	3 km/h

	Channel Estimation
	Ideal

	Channel Coding
	Turbo, QPSK, 3GPP Rate matching

	Receiver
	Rake

	Interleaver Frame Size
	80ms

	Power Control
	None

	FER Requirement for Coverage
	1%
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