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1 Introduction

A study item for UMTS heterogeneous networks was approved in RAN plenary #57 [1]. One method to increase offloading in HetNets is Cell Range Extension (CRE) where range of Low Power Node (LPN) is extended e.g. by applying cell individual offset. Problem with this approach is that SINR of UE served by LPN in cell extension area is lower compared to the case without CRE. One method proposed to mitigate this problem is using advanced receiver with network assistance. Different assistance methods are discussed in this paper.
2 Discussion
Network assisted IC was discussed in RAN1 #73 with the following conclusion:
· Further studies are needed on NAIC:

· Reference UE architectures

· CQI variation and outer loop inefficiencies

· Channel Estimation accuracy

· Impact of a common HS-SCCH

· Impact of control channel decoding

· Capture some findings from the presented documents in the TR including identified issues

Email discussion on TP for NAICs (Ericsson, until June 28th)

There are two main proposals for network assisted interference cancellation, one is using HS-SCCH orders for providing scheduling information of interfering cell to UE [2]. The other one applies resource restricted subframes in the system to benefit UE receiver [3]. In the first proposal network assistance is given in form of additional signalled information and in the latter one as coordination of interference. One thing common to the proposals is that network assistance is aiming to help mitigate specifically HS-DSCH interference. Practical networks also have common channels and Rel-99 e.g. speech users that could be using significant amount of the transmission power. For instance the performance requirements set to HSDPA in 25.101 are assuming HSDPA Ec/Ior to be either -3 or -6 dB which means that most of the transmitted power is allocated in other than HS-DSCH codes. This reduces gains achieved by using network assistance compared to more general methods, i.e. blind interference cancellation capable of mitigating interference on all channels not only on HS-DSCH. Naturally, blind methods could be used in addition to network assistance on HS-DSCH for best performance.
Use of assistance information on the DPCH does not seem viable option. The large variety of parameters i.e. transport channel configurations, slot formats and different time offsets make transmitting assistance information difficult. Further problems are caused possibly by the fast power control targeting to minimize transmission power and long TTIs which would force UE running cancellation for extended periods of time. Hence, blind methods are seen more attractive on DPCH IC. 
Similar signalling problem exists even if code multiplexing is used in HSDPA. In such case one UEs HS-DSCH codes may not be very significant part of the interference. In a straightforward solution, one could circumvent the problem by sending multiple HS-SCCH orders carrying the assisting information from the interfering cell but this requirement of being able to receive and decode multiple HS-SCCHs from the interfering cell quickly becomes exhausting on the HS-SCCH decoding budget of a UE. Also the required additional transmission power in the interfering cell increases.
Text proposal resulting from the discussion is found in [4]. It is assuming that HS-SCCH providing network assistance is transmitted from interfering cell. It can be discussed if network assistance could also be transmitted from serving cell. Benefit of such operation would be lower transmit power required for the HS-SCCH. It would, however, require coordination in network side to identify the neighboring cell with highest interference, which can also be different for different UEs. Also information of a scheduling decision would need to be signalled from interfering to serving cell. Application of such a scheme could maybe work in a highly clustered network, where small group of cells is known to interfere with each other; this assumption could also require support of fast backhaul and synchronized cells inside the coordination cluster. This approach is rather complex but some level of coordination could be beneficial anyway. Without going to too strict resource restriction, some loose coordination could steer the scheduling of UEs inside the cell group. Avoiding very high data rate MCSs scheduled in the interfering cell while attempting cancellation is certainly beneficial but it easily restricts the scheduling freedom and achievable data rate in the interfering cell. Considering the limitations above, it might be safe to assume that for a simple general and widely usable solution network assistance information is transmitted from interfering cell. Transmission of network assistance from interfering cell may require higher transmission power than legacy HS-SCCH since it needs to be broadcasted also outside the source cell. Power should be roughly comparable to P-CCPCH (BCH), except there is a difference in spreading factor since spreading factor for P-CCPCH is 256 and for HS-SCCH it is 128. 
It is proposed in [2] that UE ID of the UE scheduled in interfering cell is transmitted using a separate broadcasted HS-SCCH order. Hence interfered UE could decode the HS-SCCH of the interfering signal and then do the cancellation. General time line of cancelling operation is shown in Figure 1. Some decoding time is needed for UE to decode the UE ID in HS-SCCH order. In addition transmitting HS-SCCH takes three slots so there is some additional time delay introduced to scheduling due to the signalling mechanism. Of course all parameters do not need to be decided before transmitting HS-SCCH order, just the UE to be scheduled. Currently, there can be up to four channelization codes configured to each UE and each HSDPA cell can have more HS-SCCH codes altogether. That means that used channelization code should be somehow signalled or otherwise UE would need to blind detect it. Either channelization code or some indicator for it could be added to HS-SCCH order.

UE ID is 16 bits long, whereas HS-SCCH type 1 can contain 21 bits of information in addition to UE ID. Hence there would not be a big improvement in coding gain assuming only UE ID would be broadcasted instead of the actual data. In fact, also the HS-SCCH would need to be transmitted with higher power since it is also needed for successful interference cancellation. Hence one way to avoid scheduling delay could be transmitting same HS-SCCH information with common and dedicated UE ID. Since two HS-SCCHs need to be transmitted anyway there would not be a big difference in energy used for signalling, especially considering that in this scheme only one of the HS-SCCH channels need to be transmitted with higher power. In such case only HS-SCCH with common ID could be cancelled but not the one with dedicated ID. 
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Figure 1 Timeline cancellation using network assistance
Another important aspect is if interference cancellation can be used for reception of own HS-SCCH since otherwise receiver performance is quite different for control and data. There is no reason why interference cancellation could not be applied to HS-SCCH since updating other cell information does not timing wise depend on serving cell since cells can be asynchronous.
Another proposal with resource restricted subframes is introduced in [3] with some simulation results of gains and effects to the system. It was discussed in RAN1 #73 that gains and system effects are not directly comparable since gains are assuming that resource restriction is used full time whereas system effects assume every sixth subframe. Hence gains should be divided by six, which would cause the fact that remaining gains is not very high. It should be noted that only pre-decoding interference cancellation can be applied, gain could be higher if post-decoding cancellation could be applied.  Also resource restriction is kind of interference coordination scheme and hence would require coordination in network. 
3 Conclusion

In this paper we have discussed network assisted interference cancellation in heterogeneous networks. If tight coordination of small clusters is excluded and one wishes to have general easy to apply solution, one would favour transmitting the assisting information from the interfering cell. Transmitting coordination information on the HS-DSCH is important but impact of other channels should also be taken into account. Blind cancellation methods on other channels could also be considered to increase cancellation gain. Transmission of actual HS-SCCH data using e.g. common HS-SCCH could also be considered to be used as assistance information.
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