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1. Introduction

Network based CRS mitigation aims at cancelling inter-cell interference caused by CRS under low-load situations. For network CRS mitigation, IDLE UE and CONNECTED UE are supposed to operate under CRS reduced to the inner 6RBs. However, cases have been identified that such operation can degrade legacy UE performances including the serving cell measurement performance and the demodulation performance of the advanced receivers. For those features, CRS mitigation seems undesirable although the CRS interference is removed. Further, for the backwards compatibility issues, there seems to be no perfect solution under the current CRS mitigation framework.
In this paper, we discuss the legacy UE impact from the network based CRS mitigation and provide analysis to the scheme, in which a reduced system bandwidth is indicated by the network to guarantee legacy UE performance with the 6-PRB CRS. Further we shed light upon the proposed schemes by discussing the solutions with related signalling.

2. Discussion
In the past few RAN4 meetings, problems have arisen addressing the inefficiency to legacy UE performance of the current CRS mitigation framework [1 – 6]. They can be listed as follows but not comprehensively:

· Regarding paging related operations for either IDLE or CONNECTED UE, inefficiency of the current CRS mitigation can be seen because full bandwidth CRS must be guaranteed during the transmission and warm-up periods for legacy UE.

· Regarding random access, inefficiency can be foreseen since full bandwidth CRS should be guaranteed for legacy UE during transmission and warm-up while the network is not aware of the exact time that UE starts such operation.
· Regarding scenarios where long warm-up is needed to guarantee legacy UE operations including AGC and fine synchronization, inefficiency of the current CRS mitigation can be seen.

· Regarding advanced receiver performance, CRS mitigation has inevitable impact on CRS-IC, NAICS and PDCCH IC receivers.

· Discontinuous CRS can be harmful for CRS IC receiver by degrading the performance of CRS channel estimation where ping-pong phenomenon can be observed.

Observation 1: Inefficiency can be observed regarding series of scenarios to accommodate legacy UEs when applying current CRS mitigation framework.
2.1. System bandwidth reduction
Given the problems above, we should introduce schemes for the legacy UE when the serving cell is under network based CRS interference mitigation. Merely introducing some wording in 36.300 is not considered to be an ideal manner that we should follow. For network based bandwidth reduction, physical layer specifications are bandwidth-agnostic and can support a set of transmission bandwidth at an initial stage, which makes the network to change the system bandwidth as needed. Such kind of change of system bandwidths is supported by modifying MIB, which has been supported by LTE since Rel-8.
Basically, the BW reduction solution needs minor if any standard effort. For IDLE mode UE, the change of cell bandwidth by modifying MIB has no impact on specifications. For CONNECTED mode UE, if the change is informed by MIB, there is no impact on specification; if the change is informed by RRC signalling and no additional message element is added for the operation, there is no impact on specification; else, minor spec modification on RRC signalling by adding necessary elements for the proposed solution enables the network to cancel the degradation of interruptions brought by reduced channel bandwidth.
In the real network, the load in a cell would not change dramatically within a few of milliseconds. So the approach to use MIB to change the system bandwidth seems feasible for the need to mitigate the CRS interference when the load of a cell changes from medium to low. 
Proposal 1: Network should be able to indicate to the legacy UE a reduced system bandwidth by MIB when network-based CRS mitigation is used.
Proposal 2: Network should be able to reconfigure the system bandwidth by modifying MIB for a reduced system bandwidth when network-based CRS mitigation is used.
2.2. Enhancement for capable UE under system bandwidth reduction

When the reduced system bandwidth is indicated to the legacy UE, capable UE is also operating under the reduced system bandwidth. Thus we should introduce additional signalling for the capable UE to indicate the real system bandwidth. After the capable UE is connected with RRC, the network signalled to the capable UE by dedicated signalling that the real system bandwidth is different from the indicated one by MIB and the network-based CRS IM is used in the serving cell.

With regard to the above procedure, we should consider the below options for the dedicated signalling, 

· RRC

· MAC CE

· DCI

Among the above options, RRC signalling is simple but slow, while MAC CE and DCI may be faster but occupy more limited accommodation. An illustration below shows the brief idea of the scheme proposed in this paper. Note that we may also use SIB for the capable UEs to get correct system bandwidth.
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Figure 1 Proposed scheme to enable legacy support under NW CRS IM
Proposal 3: If the reduced system bandwidth is indicated, the network is able to signal the real system bandwidth to the capable UEs by dedicated signalling.

Proposal 4: The network schedules the legacy UE with the reduced system bandwidth while it schedules the capable UE with the real system bandwidth.

3. Conclusions
In this paper, we discuss the legacy UE impact from the network based CRS mitigation and analysis related schemes to address the problem in which scheme, a reduced system bandwidth is indicated by the network to guarantee legacy UE performance with the 6-PRB CRS. Further we shed light upon the proposed schemes by discussing the solutions with related signalling.

Observation 1: Inefficiency can be observed regarding series of scenarios to accommodate legacy UEs when applying current CRS mitigation framework.

Proposal 1: Network should be able to indicate to the legacy UE a reduced system bandwidth by MIB when network-based CRS mitigation is used.
Proposal 2: Network should be able to reconfigure the system bandwidth by modifying MIB for a reduced system bandwidth when network-based CRS mitigation is used.
Proposal 3: If the reduced system bandwidth is indicated, the network is able to signal the real system bandwidth to the capable UEs by dedicated signalling.

Proposal 4: The network schedules the legacy UE with the reduced system bandwidth while it schedules the capable UE with the real system bandwidth.
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