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1 Introduction
It was agreed at RAN1#80bis meeting that a set of DL and UL narrow-band(s) are known to UE. The CSI measurement for low complexity (LC) in normal coverage was discussed as well and ended up with a working assumption that CSI measurements can be restricted to a subset of the available narrowbands. 
In addition, there was a proposal to extend the CQI table for MTC supporting coverage enhancement (CE) but it was concluded to further study whether the existing CQI table is sufficient for the Rel-13 MTC WI. It is already agreed that CQI is supported except when the coverage enhancement is large. Moreover, UE has no information in advance on how many subframes it will be instructed to send repetitions in, nor in which and how many PRBs and it is much more robust for the eNB to take the normal CQI report from an MTC UE and calculate the MCS/TBS to use based on the time and frequency resource it is able to allocate to the UE along with the rest of the scheduling and configuration parameters of the cell or narrowband [1]. Hence, extending the CQI table or optimization for CSI measurement and feedback for MTC supporting CE may not be necessary. 
This contribution focuses on the discussion of the CSI measurement and feedback for Rel-13 LC MTC UEs in normal coverage. Hereafter the UE mentioned is Rel-13 LC MTC UE if not emphasized otherwise. 
2 CSI measurement
With the exception of the early stages of the random access procedure, eNB is expected to be able to schedule or configure UE onto the good channel quality narrowband as long as UE can measure CSI and feedback in a timely way. However, UE can only simultaneously measure CSI on the working narrowband which UE is scheduled to receive downlink on or expected to monitor, as UE at most can be able to measure CSI within a narrowband of 6 PRBs per subframe as illustrated in Fig. 1. 
The definition of narrowbands will be written in specifications, but it is not decided yet how MTC UEs know the available narrowbands. It is envisioned the available narrowbands shall be part of the system bandwidth, so the CSI measurement and feedback can be subject to all or a subset of the available narrowbands. Assuming the narrowband for (at least) MTC SIB1 is predefined in specification or signaled in MIB, and the other available narrowbands will be included in SIB. The working narrowband for MTC UE unicast can be configured by UE dedicated higher layer signaling or signaled to UEs in DCI. If eNB can configure UEs to periodically measure and feedback CSI reports of all available narrowbands, eNB can choose one best of them and reconfigure it to be the UE unicast narrowband. In addition, eNB may have a candidate unicast narrowband in advance to reconfigure a MTC UE onto for the sake of flexible scheduling but not sure whether the CSI of the candidate is good enough. In such a case, eNB can trigger UE to measure the CSI of the indicated narrowband and feedback the CSI report in an aperiodical manner. 

Proposal 1: Confirm the working assumption that measurements can be restricted to a subset of the available narrowbands. 

In order to measure CSI on other available narrowbands, where “available” means the narrowbands which are known to MTC UEs, a few subframes (called measurement gap as in Fig. 1) are needed, during which UEs are expected to measure CSI on the measurement narrowbands and shall assume there is no downlink scheduled onto the working narrowband. Alternatively, UEs assume the downlink can only be scheduled onto the measurement narrowband, so that UEs can measure CSI and receive the downlink data at the same time. Note that the measurement gap discussed here is different from the definition of it for normal UEs [2]. It means the period during which UEs perform CSI measurement of an “available” narrowband for MTC per subframe in a serving cell in this contribution. Note CSI of the working narrowband in green as in Fig. 1 may also be expected be measured and feedback, and UEs can measure the CSI when receiving the downlink on the working narrowband. 
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Fig. 1: UE measures CSI on available narrowband
1) CSI measurement for periodic feedback

Before UE performs periodic CSI measurement and feedback the reports, UE needs to obtain the related configuration including the measurement gap, the sequence of narrowbands for measurement, and the sequence of narrowbands for CSI reports. 
2) CSI measurement for aperiodic feedback

The trigger for aperiodic feedback can be indicated in an uplink DCI format or a RAR Grant as that for normal UEs. The difference is that the trigger also indicates the index of the interested narrowband for CSI, and note that a measurement gap is still needed during which UE shall assume no downlink on the working narrowband. eNB can trigger CSI reports of multiple available narrowbands and signal the indices of narrowbands for measurement or feedback. 
Note that the measurement granularity for the above discussion is 6 PRBs and can be less, for example, eNB may be interested in the CSI of a part of a narrowband. However, a measurement gap is needed as long as the expected CSI of less than 6 PRBs narrowbands are from multiplex available narrowbands. 
Proposal 2: Define a period (e.g., measurement gap) for periodic and aperiodic CSI measurements for MTC, during which Rel-13 low complexity MTC UE performs CSI measurement and assumes the downlink will be scheduled in the narrowband that is to be measured. 

3 CSI feedback
Tables 1 and 2 summarize which PUSCH/PUCCH CSI reporting modes are supported for each TM following the current specifications. The scope of PMI feedback in the new MTC UE is worth considering. Since the UE will have only 1 RX antenna, and one spatial layer in DL, the benefit of PMI feedback and CL-SM is very limited. Eliminating all PMI-reporting CSI modes has the further benefit of then having the condition that there can be only 1 CSI-RS ports configured for the UE, which reduces complexity considerably. This would reduce the set of supported CSI reporting modes to:

Aperiodic: 2-0, 3-0 for TMs 1, 2, 3, 7, 8, 9, 10.

Periodic: 1-0, 2-0 for TMs 1, 2, 3, 7, 8, 9, 10.

An alternative view is that it is worth providing some limited PMI information to eNB so that some advantage can be taken from a multi-antenna installation. Then, there is no need to support UE-selected subbands as there is only one such subband defined in a 6 PRB bandwidth. Similarly, there is no need to implement processing functionality for multiple PMI reports, so we can select just those modes which send either no or a single PMI. This would reduce to:

Aperiodic: 3-0, 3-1.

Periodic: 1-0, 1-1.

The intersection of these two approaches is to support only aperiodic mode 3-0 and only periodic mode 1-0. This could be a baseline, and discussions would be needed to determine if there is any meaningful benefit for a narrow bandwidth UE in supporting additional reporting modes.

Proposal 3: The Rel-13 low-cost UE supports at least CQI reporting modes 1-0 and 3-0. The need for supporting further modes is FFS. 

Note that the meanings of “wideband” and “eNB configured subband” are different from that for normal UEs as in Tables 1 and 2. For Rel-13 LC MTC UEs, the narrowbands are “available” narrowbands known to UEs, “wideband” means all “available” narrowbands and “eNB configured subband” means the eNB configured “available” narrowbands. 
Table 1: Aperiodic CSI reporting modes
	Reporting Mode
	Type
	PMI(s) reported?
	DL TMs
	Conditions

	1-2
	Wideband
	Y
	4, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	2-0
	UE selected subband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	2-2
	
	Y
	4, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	3-0
	eNB configured subband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	3-1
	
	Y
	4, 5, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	3-2
	
	Y
	4, 6, 8, 9, 10
	CSI-RS>1for TM9, 10


Table 2: Periodic CSI reporting modes
	Reporting Mode
	Type
	PMI(s) reported?
	DL TMs
	Conditions

	1-0
	Wideband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	1-1
	
	Y
	4, 5, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	2-0
	UE selected subband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	2-1
	
	Y
	4, 5, 6, 8, 9, 10
	CSI-RS>1for TM9, 10


4 Conclusions
This contribution focuses on the discussion of the CSI measurement and feedback for MTC UEs in normal coverage, which leads to the following proposals:

Proposal 1: Confirm the working assumption that measurements can be restricted to a subset of the available narrowbands. 

Proposal 2: Define a period (e.g., measurement gap) for periodic and aperiodic CSI measurements for MTC, during which Rel-13 low complexity MTC UE performs CSI measurement and assumes the downlink will be scheduled in the narrowband that is to be measured. 

Proposal 3: The Rel-13 low-cost UE supports at least CQI reporting modes 1-0 and 3-0. The need for supporting further modes is FFS. 
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