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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92, the following agreement on DL channel quality was reached:
Agreement:
· The downlink channel quality of NB-IoT UE is reported in MSG 3
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]The downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· FFS the details for this metric (at least including measure resources, measure duration, and the details for hypothetical NPDCCH, such as the format, the aggregation level)
· This feature is optional for Rel-14 UEs
· Send LS to RAN2/RAN4 with the following actions: 
· To RAN2: To implement the above signaling
· To RAN4: To define the channel quality metric and new requirements/test cases (if needed)
· Note: This info can be used to assist subsequent DL transmission scheduling and does not put constraints on future enhancements in later release

[bookmark: OLE_LINK2]In this paper, we will discuss the RAN1 details of DL channel quality measurement and reporting in Msg3.
[bookmark: _Ref129681832]Definition of DL channel quality
[bookmark: OLE_LINK1]The DL channel quality is denoted as the number of repetitions that the UE needs to decode a hypothetical NPDCCH with a BLER of 1%. It is not a directly measurable quantity. UE should first measure NRS to derive its SINR, then map to the number of repetitions based on a stored look-up table. The look-up table is a part of the definition of DL channel quality, but it depends on UE  implementation. So it is preferred that the definition of DL channel quality is not given in TS 36.214. It can be defined in RAN4 specification with hypothetical NPDCCH details, like Qin_NB-IoT/Qout_NB-IoT in RLM.
Proposal 1: The definition of DL channel quality is left to RAN4 specifications.
In the following sections we discuss how the channel quality report should be formulated from a RAN1 point of view.
[bookmark: OLE_LINK8]DL channel quality measurement
For the measurement resource, there are two possible solutions:
· Alt 1: Measurement always in the anchor carrier before random access procedure
· Alt 2: Measurement in the carrier where UE performs the random access procedure
For Alt 1, the benefit is that it has minimum impact on UE. The new measurement can be done together with the legacy RRM measurement. All measurements are based on NRS in the anchor carrier. The drawback is that the measurement can be only in anchor carrier. In Rel-14, UE can perform random access procedure in a non-anchor carrier. The DL carrier used for signaling or data transmission during random access procedure can also be configured as a non-anchor carrier. Hence, the reported DL channel quality may not correspond to the DL carrier which is used for Msg4 and following transmissions. One potential method would be to derive the SINR on the non-anchor carrier from the SINR on the anchor carrier by using the power offset between the carriers. However, the power offset cannot reflect the SINR difference between the two carriers due to different interference conditions. 
For Alt 2, the benefit is the reported DL channel quality corresponds to the DL carrier at least can be used for subsequent Msg4 scheduling. Furthermore, considering that the DL carrier for the following scheduling can be configured to a different one by RRC signaling, it gives a little more information for the network to decide whether and where to configure a new DL carrier. The drawback of Alt 2 is that it will have larger impact on UE, e.g. the Msg2 to Msg3 gap for new measurements may need to be increased, new measurement procedure and requirements may need to be defined in RAN4, etc.Additionally for Alt 2, the measurement is done in the carrier where UE performs the random access procedure. However, UE only knows which carrier it uses after the random access procedure begins, by which point the RRC message has already been constructed (and it is not re-constructed during the RACH procedure). So it is not feasible to report in Msg3 via RRC signaling without substantial changes to long-established LTE higher-layer designs and procedures. Thus, reporting in Msg3 via MAC CE needs to be considered.
The standards and protocol stack re-implementation impact for Alt 2 is too large for this purpose.
Proposal 2: The DL channel quality is measured on the anchor carrier for Rel-14. Further enhancement of DL channel quality measurement on non-anchor carriers can be considered in Rel-16.
DL channel quality report
The DL channel quality is reported in Msg3. The spare bits in Msg3 are limited and the minimum case of Msg3 is only 4 spare bits (1 of the 4 already preempted in RAN2, only 3 bits left in this case) [2],[3]. It is preferred to specify N repetition number thresholds to split the target repetition set into N+1 repetition levels. The repetition level is reported in Msg3. Then the reported channel quality is determined by Table 1 as an example, where the goal is for finer granularity at higher numbers of repetitions to reduce the need for over-dimension when the repetition steps are large.
[bookmark: _Ref510549827]Table 1 Example of channel quality report in Msg3 assuming two repetition thresholds are 64, 384, 1024
	Channel quality indicator in Msg3
	Repetition number range

	00
	Not supported, or supported and 1-64

	01
	128-384

	10
	512-1024

	11
	1536-2048


The repetition threshold can be specified or configured by the network. For the target repetition number set, there are three possible options.
· Option 1: From the whole range of NPDCCH repetition number, i.e.{1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}
· Option 2: 1 to npdcch-MaxNumRepetitions-RA for one of the coverage levels in the cell
Table 1 is an example of option 1. For option 2, the granularity may be finer than option 1 due to the lower maximum. The reference NPDCCH repetition number in Type2-CSS can be specified, e.g. specify Rmax corresponding to coverage level 2 as the reference. 
Table 2 Example of channel quality report in Msg3 assuming Rmax = 512
	Channel quality indicator in Msg3
	Repetition number range

	00
	Not supported, or supported and 1-16

	01
	32-128

	10
	192-256

	11
	384-512


[bookmark: OLE_LINK80]
Proposal 3: Use 2 bits to report 4 ranges of NPDCCH repetition number. The ranges are defined either
· Over the whole range of NPDCCH repetition, i.e. 1-2048; or
· Over the range from 1 up to the number of repetitions configured for one of the CE levels for Type2-CSS.
Conclusions
In this contribution, we provide our analysis about the details of DL channel quality measurement and report in Msg3. The following observations and proposal are made:
Proposal 1: The definition of DL channel quality is left to RAN4 specifications.
Proposal 2: The DL channel quality is measured on the anchor carrier for Rel-14. Further enhancement of DL channel quality measurement on non-anchor carriers can be considered in Rel-16.
[bookmark: _GoBack]Proposal 3: Use 2 bits to report 4 ranges of NPDCCH repetition number. The ranges are defined either
· Over the whole range of NPDCCH repetition, i.e. 1-2048; or
· Over the range from 1 up to the number of repetitions configured for one of the CE levels for Type2-CSS
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