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1. Introduction
In RAN#75 a new work item (WI) named even further enhanced MTC for LTE [1] was introduced. The objectives of the WI include the support of improved latency, improved power consumption and improved spectral efficiency. 

In this contribution, we provide our views on support for CRS muting outside of the BL UEs narrowband/wideband which has been identified as one of the approaches for improved spectral efficiency. 
 
2. Motivation
FeMTC UEs support a bandwidth of 1.4 MHz (1 narrowband) for DL control and 1.4/5/20 MHz modes for DL data (1,4,16 contiguous narrowbands respectively). However, since FeMTC uses LTE CRS, it is possible for UE to use CRS over a bandwidth portion larger than what it supports for control/data. Such a wideband operation allows UE to obtain improved channel estimation, tracking loops etc. and reduces amount of retuning. However, since UE uses CRS across a wider band, the network is expected to transmit CRS across the entire bandwidth which makes network power optimizations such as CRS muting and coexistence with NR challenging. Signalling from UE that indicates the bandwidth / RBs it uses for CRS would help the network in determining resources where CRS can be muted.

3. CRS bandwidth capability
The UE could signal the maximum bandwidth it uses for CRS. One option could be to allow all possible bandwidth options from 6 to 100 RBs. Alternately, we could limit the CRS bandwidth to a limited set of values such as 6, 12 25, 50, 100 corresponding to 1.4/3/5/10/20 MHz respectively. The limited set seems sufficient to cover most use cases. Additionally, a margin of X RBs may be added (e.g. X/2 PRBs in each side of the allocation) to avoid channel estimation edge effects. In any case, a UE supporting a value in between two of these values could always report a larger value.
Proposal 1: UE signalling of CRS bandwidth capability is introduced. The supported CRS bandwidth capability values are {6,12,25,50,100} + X RBs. FFS the value(s) of X.

4. Monitored RBs
The RBs monitored for CRS depend on the RBs that UE is monitoring for data/control/measurements etc. We hence need to first determine the set of RBs that the UE is monitoring and can then determine the set of CRS RBs based on that. 
We may have multiple set of monitored RBs on a subframe associated with a UE. For example, if the UE misses a DL grant, it may continue to monitor MPDCCH search space RBs on the subframe. However, if it receives the DL grant, it may start monitoring the PDSCH RBs. The set of RBs for both these cases could be different. The network should ensure that UE can find CRS around the monitored RBs for both these cases.  
Proposal 2: On each subframe, multiple monitored RB sets are determined for each UE 
· On subframes containing a MPDCCH search space the monitored RB sets includes one set containing the MPDCCH search space RBs
· On subframes containing a PDSCH, the monitored RB sets includes one set containing the PDSCH RBs and any RBs in the MPDCCH search space if MPDCCH is also monitored on the same subframe

5. CRS RB determination based on monitored RBs
The set of RBs UE monitors for CRS depends on the monitored RB sets on that subframe. The exact function could depend on whether the monitored RB set corresponds to MPDCCH/PDSCH/UL channels etc. However, we prefer to keep the design simple and let UE have full flexibility in choosing the RBs it monitors for CRS provided the RB and all the monitored RBs in a monitored RB set lie within the CRS bandwidth capability of the UE.
Proposal 3: UE can expect CRS to be present on an RB if, for any of the monitored RB set, the RB lies within the CRS bandwidth capability of the UE when monitored along with all the RBs in that monitored RB set.
Note that the center 6 RBs should always contain CRS as UE may be using them for serving cell/neighbour cell measurements, initial acquisition etc. Similar to Proposal 1, a guard of X/2 PRBs is added to remove channel estimation edge effects.
Proposal 4: UE can always assume that CRS is present in center 6+X RBs.

6. Wake up/cooling period
Special rules need to be defined on subframes where UE is not monitoring any MPDCCH or PDSCH. One option could be to base it on the RBs it was monitoring previously or what it expects to monitor in the future. For TDD, to avoid frequent retuning between DL and UL, on subframes not containing PDCCH/PDSCH, the UE may monitor the same RBs on DL as being used for UL transmissions in vicinity of the subframe.
Proposal 5: On subframes where UE is not monitoring MPDCCH or PDSCH: 
· If the subframe is within M subframes after a monitored subframe, the UE can assume the set of CRS RBs on the last monitored subframe prior to this subframe also contain CRS on this subframe
· If the subframe is within N subframes before a next monitored subframe, the UE can assume the set of CRS RBs on the first monitored subframe after this subframe also contain CRS on this subframe
· For TDD, the UL RB allocation in vicinity of these subframes may also be considered to determine the monitored RB sets and the corresponding CRS RBs if the UE is not monitoring MPDCCH in these subframes



7. Summary
The proposals made in this contribution are summarized below.
Proposal 1: UE signalling of CRS bandwidth capability is introduced. The supported CRS bandwidth capability values are {6,12,25,50,100} + X RBs. FFS the value(s) of X.
Proposal 2: On each subframe, multiple monitored RB sets are determined for each UE
· On subframes containing a MPDCCH search space the monitored RB sets includes one set containing the MPDCCH search space RBs
· On subframes containing a PDSCH, the monitored RB sets includes one set containing the PDSCH RBs and any RBs in the MPDCCH search space if MPDCCH is also monitored on the same subframe
Proposal 3: UE can expect CRS to be present on an RB if, for any of the monitored RB set, the RB lies within the CRS bandwidth capability of the UE when monitored along with all the RBs in that monitored RB set.
Proposal 4: UE can always assume that CRS is present in center 6+X RBs.
Proposal 5: On subframes where UE is not monitoring MPDCCH or PDSCH: 
· If the subframe is within M subframes after a monitored subframe, the UE can assume the set of CRS RBs on the last monitored subframe prior to this subframe also contain CRS on this subframe
· If the subframe is within N subframes before a next monitored subframe, the UE can assume the set of CRS RBs on the first monitored subframe after this subframe also contain CRS on this subframe
· For TDD, the UL RB allocation in vicinity of these subframes may also be considered to determine the monitored RB sets and the corresponding CRS RBs if the UE is not monitoring MPDCCH in these subframes
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