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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 discuss the scenarios when full-bandwidth CRS are needed and when the CRS bandwidth can be reduced. The high-level concept of the network-based CRS interference mitigation is described in [2].
2 Further details for RRC_IDLE

The full-bandwidth CRS need to be ensured during: Paging Occasions, SI acquisition (SIB1 and SI-window), PRACH procedure (RAR window). Furthermore, for eDRX in RRC_IDLE, full bandwidth CRS may not be needed outside PTWs. The warming-up and cool-down periods may also be needed prior to and after the full-bandwidth CRS transmissions in each of these cases.
· Proposal 1: Full-bandwidth CRS is assumed during: Paging Occasions, SI acquisition (SIB1 and SI-window), PRACH procedure.
· Proposal 2: When eDRX is configured in IDLE, no full bandwidth shall be assumed outside PTWs.
3 Further details for RRC_CONNECTED

3.1 DRX vs. non-DRX

When there is at least one UE in a cell which is not configured with DRX in RRC_CONNECTED, full-bandwidth CRS shall be used in the cell. An exception can be FeMTC UEs with configurable MPDCCH monitoring when they are not configured with DRX, so these UE may not need full-bandwidth CRS between MPDCCH monitoring occasions (see details below for MTC).

When a UE is in the active state of DRX, it is generally expected to monitor DL control channel, except for MBSFN subframes containing MCH. Therefore, to comply with the UE legacy behavior full-bandwidth CRS is needed when the UE is active. During this time, a UE would generally perform RRM measurements, RLM, etc.
For eDRX in RRC_CONNECTED, the same principles for ensuring full-bandwidth CRS shall apply as for DRX.

· Proposal 3a: When no MPDCCH is configured, full bandwidth CRS is assumed during onDuration and while drx-InactivityTimer is running.

· Proposal 3b: When MPDCCH is configured, CRS bandwidth may be further adapted to MPDCCH monitoring windows cycles.
3.2 Further scheduling related aspects and semi-persistent scheduling

In addition to the above, full-bandwidth CRS need to be assumed during on-going retransmissions in UL and DL, i.e., as long as there is data to retransmit on HARQ in UL or DL.
Full-bandwidth CRS should also be assumed in semi-persistently scheduled DL resources, even if there is no grant explicitly indicating DL transmission or retransmissions.
Further, a UE configured with DRX is still expected to receive HARQ feedback on PHICH for its UL transmissions, for which full-bandwidth CRS is also needed; this feedback may not necessarily occur during the ON duration of a DRX cycle and not necessarily in subframes with PDCCH.
UE may transmit scheduling request via PRACH or PUCCH, and it requires full-bandwidth CRS until the grant for its UL transmission is received, e.g., during a RAR window in the former case.
· Proposal 4: In addition to active DRX-related states, full-bandwidth CRS shall also be assumed during on-going retransmissions in UL and DL, in semi-persistently scheduled DL resources, in the resources with HARQ feedback, and for receiving UL grants.
3.3 CA
Full-bandwidth CRS shall generally not be assumed on deactivated SCells, if not triggered by other conditions.
Full-bandwidth CRS shall be assumed on the PCell and all active SCells, as soon as one or more SCells are activated.
· Proposal 5:UEs configured with CA and at least one activated SCell, shall assume  full-bandwidth CRS on the PCell and all active SCells.
· Proposal 5a: UEs shall assume full-bandwidth CRS on the SCell upon receiving an SCell activation command i.e. also during an SCell activation procedure. The full-bandwidth CRS is not needed during the deactivation procedure though.
4 Duplex modes

4.1.1 TDD vs. FDD
The same principles for network-based CRS interference mitigation shall apply for both FDD and all TDD configurations, since the RRM requirements typically apply for FDD and all TDD configurations.

Transmitting of CRS over a reduced bandwidth in TDD special subframes shall be allowed in a similar way as in normal DL subframes. 

4.1.2 HD-FDD

HD-FDD is configured to support low-cost UEs with a single RF chain. It is used for MTC UE and their enhancements as well as for NB-IoT. As discussed above, network-based CRS interference mitigation does not impact nor benefit from NB-IoT UEs. However, it may further benefit from HD-FDD MTC UEs. More specifically, with HD-FDD, CRS may not be needed during the configured UL subframes, hence further benefits may be achieved when the overlap of UL configurations is maximized in the cell for all UEs in RRC_CONNECTED mode.
5 Specific features
5.1 NB-IoT
NB-IoT UE performs measurements based on NRS. For the in-band operation, the LTE CRS are also transmitted in the NB-IoT bands for the subframes which are not used for MBSFN, but there is no overlap between the LTE CRS and the NRS. So, while the NB-IoT UE do not use CRS and thus shall meet the existing requirements, CRS mitigation brings interference reduction and thus improves the UE performance in practice.
5.2 MTC and its enhancements
UE Cat 0, Cat M1 and Cat M2 have no larger impact from the network-based CR interference mitigation than normal UEs. The existing requirements can be met, provided CRS are available within the UE RF bandwidth.
Further system performance benefits can be obtained though when such UEs are present in the network, since CRS bandwidth may be further reduced to follow the configurable MPDCCH monitoring (when G>1 and the UE is not scheduled to receive data) and during configured UL subframes of HD-FDD UEs.
5.3 Dual Connectivity

The only difference from what has been discussed already above is that the CRS bandwidth needs to be adapted not to a common DRX but to MCG DRX cycle for the cells in the MCG group and to SCG DRX cycle for the cells in SCG group.
5.4 Discovery signal measurements

With discovery signal measurements in small cell enhancements and LAA/eLAA, UE already do not assume the presence of CRS outside of DMTC occasions on the same carrier, hence no impact of the network-based CRS interference mitigation.
5.5 MDT

A UE can be configured to perform measurements for MDT in RRC_IDLE or RRC_CONNECTED. The measurements can be based on CRS or MBSFN RS or MCH, depending on the measurement type. When a UE is configured for CRS-based measurements for MDT, it shall make the same assumptions regarding the CRS bandwidth as if it performs general RRM measurements.
5.6 HST

The major difference in RRM measurements for HST UE compared to normal UE is that the measurements are required to be performed faster as a cost of reduced accuracy, while the requirements are still defined based on 6 PRBs.
5.7 D2D and V2X
The existing requirements shall apply, since there is no impact due CRS bandwidth reduction for such UEs.
5.8 Positioning
UE performing UE Rx-Tx time difference measurement on PCell has to meet the accuracy requirements which depend on the DL transmission bandwidth, so the existing requirements will apply provided the CRS are available over the full bandwidth when the measurement is performed.
For E-CID, the UE may also perform RSRP and RSRQ measurements, for which the same principle shall apply as for general RRM measurements, i.e., the existing RRM requirements (which are based on 6 PRBs) apply and thus there is no impact due to the reduced CRS bandwidth.
For RSTD measurements, full CRS bandwidth is to be provided in PRS subframes, since UE may be configured with RSTD measurements and use CRS in addition to PRS for which the requirement is that the CRS bandwidth is not smaller than PRS bandwidth.
· Proposal 6: UE configured with positioning measurements shall assume full-bandwidth CRS in the subframes used for the measurements, e.g., during all positioning subframes for RSTD.
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