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1
Introduction
In the last RAN2#77 meeting there was an initial discussion regarding signalling support for network assistance of UE interference cancellation. In this paper we analyze further the necessary signalling support for CRS interference cancellation.
2
Background
During RAN2#77 a LS was received from RAN1 [3] that indicated what needs to be signalled to UE to assist the UE with performing CRS interference cancellation. The LS indicated the following regarding CRS IC:

•
Handling of CRS interference 

–
RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

–
Information on number of CRS ports of neighbor cell(s) is needed

–
Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

Based on this LS and discussion of [4] RAN2 made the following decision in RAN2#77:

=>
RAN2 thinks that higher layer signalling for CRS interference cancelation could be provided either in dedicated or broadcast signalling.

However, discussions on the details of signalling including whether broadcast signalling of CRS IC assistance information for idle mode UE are still pending.

3
Discussion
3.1
Basic Scenario
The basic scenario and usage of FeICIC is illustrated in Fig. 1. Here usage of FeICIC addresses the problem of picos only being able to serve users in its close vicinity due to high interference received from macro. However, with FeICIC, some subframes are configured as almost blank subframes (ABS), allowing the pico eNB to schedule users in the range extended area, and thereby allowing usage of cell range extension (CRE) when relying on RSRP based cell association.
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Figure 1: Basic illustration of FeICIC principle for co-channel macro+pico cases, as well as illustration of basic deployment scenario with extended pico coverage area.

The users benefiting from UE CRS IC are primarily the pico-UEs in connected mode in the CRE area that are served when macro cell transmit ABS. In [our eICIC idle mode measurement restriction signalling paper] we explain why it is not required to have idle mode pico-UEs to be kept in the CRE area. For a pico-UE in connected mode the UE CRS IC capability is then used for suppressing the remaining CRS interference coming from the ABS. Based on the recent RAN1 FeICIC performance studies, it seems that we only need to consider UE CRS IC from one or two macro cells for pico-UEs in the CRE area. In most cases only CRS IC from one macro cell is required to achieve good performance [5] but we still need to wait for RAN1/RAN4 to conclude on the number of macro cells that UE need to consider for CRS IC.
3.2
Use Cases
Here we look at use cases in which the UE ends up in the pico CRE area in connected mode. The following are possible:

· Case 1: UE is idle and camped on the pico eNB normal coverage area, starts a call and connects to the pico eNB and later moves to the CRE area while in connected mode

· Case 2: UE is idle and camped on the macro eNB in the macro coverage area corresponding to the pico CRE area, starts a call and connects to the macro eNB and later gets offloaded to the CRE area
NOTE: The case of UE in connected mode on the macro eNB and approaching the pico CRE area is no different than Case 2 above.

In Case 1, when the UE goes to connected mode the pico eNB can signal the UE with CRS IC assistance information whenever the UE is provided with serving cell measurement resource restriction (i.e. ABS pattern of the macro eNB). This guarantees that the UE has the relevant CRS IC assistance information to perform CRS IC whenever it moves to the CRE area.
In Case 2, if the UE were to perform CRS IC only from one dominant interferer it is usually the macro cell that offloaded the UE to the pico CRE area that will be the dominant interference source and here the UE can already remember the CRS IC assistance information from the macro cell from which it handover to the pico CRE area. If the UE were to perform CRS IC from more than one dominant interferer then it is better that the pico eNB signal the CRS IC assistance information to the UE. But, practically the dominant interference source for the UE while in pico CRE area need not be the macro cell from which the UE was offloaded. Also, the serving cell measurement resource restriction pattern for the UE while in macro cell need not be the same as the neighbour cell measurement resource restriction pattern for the UE while the UE is in pico CRE area eventhough these patterns are based on the ABS transmitted by the macro cell. So is it safer to assume that always the pico eNB will signal the CRS IC assistance information to the UE? If so, in this case the UE cannot perform CRS IC immediately after handover to the pico CRE area until the pico eNB signals the UE the CRS IC assistance information. The problem will be more pronounced when using a high CRE offset value and the UE is at the very edge of the CRE area. One way to address this problem is to signal the CRS IC assistance information to the UE in the handover command in the macro cell so that the UE can immediately apply CRS IC for that one macro cell after moving to pico CRE area. After the handover, the pico eNB can still signal the CRS IC assistance information to the UE for relevant macro cells. Alternatively, the pico eNB could use a small CRE offset for the UE during hand-in to pico eNB so that the UE can survive without CRS IC but after the handover the UE can be signalled with CRS IC assistance information and a higher CRE offset used.
3.3
CRS IC Assistance Information
In the RAN1 LS [RAN1 LS], only the following information are identified as required for signalling as assistance information to the UE:
–
Information on number of CRS ports of neighbor cell(s) is needed

–
Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

However, it seems there may be some other required information like the CP length (normal or extended) which can reduce the blind decoding and cell ID for the V_shift. Besides, with regards to the information on subframes, it is not clear if the UE must be provided with the complete ABS Pattern Info received by the pico eNB over the X2 or if the pico eNB can provide the UE with just the CSI measurement subframe subset1. Providing complete ABS Pattern Info may impact the flexibility for the macro eNB to change the ABS pattern without impacting the performance of CRS IC. So it seems that further clarification from RAN1 about the exact list of parameters to be signalled for CRS IC assistance would help.
4
Conclusion
In this paper we point out further issues that need to be discussed in RAN2 and in RAN1/RAN4 before we can address the signalling needs for CRS IC. As a result we propose the following in this paper:

Proposal 1: RAN2 to discuss if it is acceptable for the UE to not perform CRS IC immediately after hand-in to a pico CRE area until the UE can get CRS IC assistance information from the pico eNB

Proposal 2: RAN2 to discuss if it is sufficient for UE to perform CRS IC, on the one macro cell from which the UE was offloaded to the pico CRE area, using CRS antenna port and information about ABS containing CRS that are obtained by the UE while being served by the macro cell.

Proposal 3: RAN2 to wait for input from RAN1/RAN4 regarding how many macro cells the UE has to consider for CRS IC.

Proposal 4: RAN2 to discuss if the CRS interference can be managed by managing the CRE offset during hand-in of the UE to the pico eNB.

Proposal 5: RAN2 to send LS to RAN1 asking for further guidance about the exact list of parameters necessary for UE to perform CRS IC.
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