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Introduction

In the technical report 25.991 [1] simulation results as well as complexity evaluations are presented. Ericsson has evaluated the report regarding complexity, power consumption and the gain in capacity. In this document some comments and concerns regarding the CPICH interference cancellation scheme are discussed.

One important question that is discussed is whether the CPICH cancellation algorithm as such shall be mandatory or if the goal is to tighten the requirements that are possible to achieve with this type of algorithms.  

NOTE: In the TR 25.991 V0.2.0, Section 7, it is already stated that it is not planned to include a specific CPICH cancellation algorithm or form. However, it is also stated that in addition to adding additional performance requirements in TS 25.101, a new UE test procedure should be included in TS 34.121 that allows to test the “new feature”.

Performance Evaluation

The capacity gain achievable by this technique depends on the fraction of transmit power allocated to the CPICH. Various scenarios have been investigated. The achievable capacity gain depends on

· the number and position of terminals supporting CPICH cancellation,

· the fraction of the interference experienced by the terminals that is caused by CPICHs which can be cancelled, i.e.,

· the channel delay profile (determining the CPICH intracell interference),

· the size of the active set, if CPICH cancellation is restricted to these CPICHs,

· the number of neighboured cell CPICHs whose interference is cancelled,

· the fraction of power allocated to the CPICH (and, with this, the load) of the neighboured cells,

· the number of path combinations considered in the CPICH canceller,

· the relative chip timing,

· the cancellation accuracy.

The impact of all parameters on the achievable capacity gain has been investigated extensively. There seems to be an agreement that capacity gains of 5-10% are realistic even if the number of cancelled CPICHs is kept reasonable small and certain (but not all) implementation imperfections are taken into account.

Ericsson agree this capacity gain is possible to achieve under the following assumptions:

· The capacity investigations assume that all terminals apply CPICH cancellation and that all terminals receive power-controlled dedicated channels. In a scenario where a certain number of terminals does not have the ability to use CPICH cancellation or non power-controlled channels are used for data transmission (for example HSDPA), the resulting capacity gain with respect to the total number of terminals in the cell will be smaller. This is  important since HSDPA and CPICH cancellation could be introduced in the same terminal generation. The benefit of CPICH cancellation (higher throughput) for HSDPA has to be discussed in detail. 

· Approximately 20% of the achievable capacity gain results from the assumption that the neighbour cells are only 50% loaded. In these scenarios other techniques (load sharing) could potentially also allow to increase the capacity by a handover of terminals from the fully loaded to the neighboured cells.

· It is unclear whether the capacity studies take imperfections of the power control (outer and inner loop) into account. Here, it is for example important to check whether the resulting SIR after CPICH cancellation can be measured fast enough to support the fast power control. 

· It should be noted that capacity is a worst-case parameter. If we do not have a capacity or coverage problem, then the benefit from CPICH cancellation for the considered power-controlled channels is unclear. However, we will always have to pay for the CPICH cancellation with an increased battery power consumption.

There is a certain risk to degrade the receiver performance if path combinations (interfering path of inter-cell CPICH on intra-cell path of desired signal) with low interfering inter-cell CPICH signal strength are included in the cancellation scheme. However, this can be avoided by a good implementation.

Complexity Evaluation

The additional required terminal complexity is discussed by contributions of Motorola and Intel. Both companies claim that this approach can be implemented with reasonable additional complexity, less than 100 kgates, less than 5 MIPS in DSP and current consumption less than 10mA.  In our view 100 kgates is not a small function.  Also it is not clear what  the increased current consumption includes. Is it everything including additional measurements and processing?

The two relevant tasks to be performed by a CPICH canceller are

· Identification and estimation of the CPICH paths to be cancelled,

· Calculation of the cross-correlation values and subtraction.

In contrast to the second task which has a predictable complexity and can be implemented as an additional closed module, the first task will involve a number of functionalities in the receiver as there are cell search, path searcher and channel estimation. The additional effort necessary to implement the CPICH canceller will therefore critically depend on the existing receiver structure in which the manufacturer wants to integrate the CPICH canceller. It is discussed to restrict the cancellation on CPICHs of cells that are already in the active set. In this case all necessary information is already present in the receiver; however, the potential capacity gain will be smaller than if all detected CPICH:s are cancelled.  

The main cost of the introduction of advanced terminal receiver algorithms is an increased receiver complexity (development costs, die size, SW complexity, etc.) and an increased battery power consumption. 

Power Consumption

The terminal power consumption will be a very important issue for the next years, operation of advanced terminal algorithms should be avoided whenever there is no need for this , e.g., if there is no capacity problem, and/or an increase of the supported data-rate (in case of HSDPA) is for other reasons  not possible.

In cases where we do not measure on the P-CPICH very often, i.e. the CPICH is used for channel estimation, the amount of measurements will increase substantially. This will be the case e.g. when beamforming using S-CPICH or dedicated pilots, is used in the network. In order to support the CPICH cancellation scheme for these cases the terminal will be required to increase the hardware as well as the measurement activities substantially. 

New Requirements in 25.101

In TR 25.991 (Section 7), it is proposed to introduced tightened UE performance requirements based on the results achieved by CPICH cancellation and to include a new UE test procedure in TS 34.121

The tightened terminal requirements should in this case be CPICH canceller specific. However there are several  other terminal enhancements, shown in the references below, like chip equalisation, which also will improve the system capacity in the same order as the CPICH interference cancellation scheme. These algorithms will probably result in performance improvements that show a different dependence on the geometry, etc. Therefore, there is a risk that the inclusion of  tightened test requirements derived from one implementation option force other manufacturers to follow a certain development road. 

Our proposal is that we should first find typical scenarios where it is important that the capacity is improved and that can not be solved by other means. Then we could base the requirement in this scenario on e.g. the CPICH cancellation scheme proposed by Intel, if it is found that the CPICH cancellation scheme give enough gain. If that gain is achieved also by other means this shall of course be allowed.

Conclusion

In this contribution a number of concerns regarding the CPICH cancellation scheme are discussed. The main concerns are,  

· are the scenarios relevant, e.g. what happens when we have HSDPA in the cell 

· the power consumption of the scheme, especially when beamforming is used in the network.
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