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1 Introduction
A new WI on UE requirements for network-based CRS interference mitigation for LTE was approved in [1].

In this contribution, we describe the concept of the network-based CRS interference mitigation.
2 High-level concept of the network-based CRS interference mitigation

The main idea with network-based CRS interference mitigation as  suggested in [1,2] is that CRS bandwidth is reduced to 6 RBs when full-bandwidth CRS are not needed and is particularly adapted to UE DRX cycles. Before and after full-bandwidth CRS transmissions, there may be warming-up and cool-down periods. This is illustrated in Figure 1. This is in addition to the subframes where full-bandwidth CRS are needed for UEs in RRC_IDLE for paging, SI acquisition, and PRACH procedure. Further details related to RRM are discussed in [3].
The UE should ideally not perform measurements on non-existing (blanked) CRS. UE measurements on neighbor intra- and inter-frequency cells may further be controlled via AllowedMeasBandwidth.
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Figure 1. Network-based CRS interference mitigation.
As a baseline it is proposed to assume 1 warming-up and 0 cool-down subframes; special cases may be further discussed during the WI. With 40 ms DRX cycle and 2 ms onDuration, this gives only 3 out of 40 subframes (i.e., 7.5% and 37.5% of DL subframes in FDD and TDD configuration #0 as the worst case, respectively) with full-bandwidth CRS, which significantly reduces the unnecessary interference to neighbor cells. The number of clean CRS REs will further depend on the number of CRS antenna ports, e.g., twice as much for 4 tx compared to 2 tx.
· Proposal 1: As a baseline or a starting point, 1 warming-up and 0 cool-down subframes are assumed.

It is emphasized that, unlike with LAA and small cell enhancements, the network-based CRS interference mitigation implies that CRS are transmitted in all non-MBSFN subframes, at least over 6 center RBs, and is transmitted over the full channel bandwidth in certain conditions.
There further may be three modes of operation:
· Mode A: CRS bandwidth is not changed (i.e., full-bandwidth CRS are transmitted) in the PDCCH region but only in data region,

· Mode B: CRS bandwidth is uniformly changed in the whole RB (i.e., if the CRS bandwidth is reduced in the data region, it is also reduced in the PDCCH region),
· Mode C: CRS bandwidth can be changed in PDCCH region and data region but not necessarily always in both regions.
There are benefits with both Mode A and Mode B in different scenarios, so it is proposed to consider the support of both Mode A and Mode B or Mode C (since Mode A and Mode B may be viewed as two special cases of Mode C).
· Proposal 2: Consider the support of both Mode A and Mode B or Mode C (which is the combination of the two).
3 Impact on RRM requirements

In this section, we provide our view on the impact of network-based CRS interference mitigation on RRM requirements. The impact on advanced UE receiver performance is further discussed in [4,5].
The network ensures that full-bandwidth CRS are available for all critical procedures, for both UEs in RRC_IDLE and UEs in RRC_CONNECTED, hence the UEs should generally be able to meet the existing RRM requirements in 36.133, provided the CRS are available for these procedures. One should also keep in mind that for most CRS-based RRM procedures, the requirements are based on 6 PRBs and in practice the UE use 6 PRBs only.
· Proposal 3: No impact on the existing RRM requirements in 36.133 shall be assumed, provided the network ensures the full-bandwidth CRS availability for the procedures when necessary.
4 Performance gains with the network based CRS interference mitigation

In Figure 1 and Figure 2 we show drive test results and live macro network results, respectively, both showing benefits with using CRS mitigation.
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Figure 1. PDSCH throughput distribution in a drive test in a macro network (percentage of 64 QAM samples along the route increases from 66% to 87%, i.e., a 32% increase), 20 MHz.
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Figure 2. Average DL UE throughput [Mbps], commercial traffic, 2500 sites.
5 Summary

The following have been proposed in this contribution:

· Proposal 1: As a baseline or a starting point, 1 warming-up and 0 cool-down subframes are assumed.
· Proposal 2: Consider the support of both Mode A and Mode B or Mode C (which is the combination of the two).
· Proposal 3: No impact on the existing RRM requirements in 36.133 shall be assumed, provided the network ensures the full-bandwidth CRS availability for the procedures when necessary.
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