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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
RAN1#88bis made the following agreements:
· For the purpose of evaluations of HARQ-ACK feedback for UE power saving:
· At least the following two options are considered for HARQ-ACK feedback channel:
· Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission
· Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission
· Detailed design on HARQ-feedback channel FFS among at least the following options:
· PHICH-like channel
· MPDCCH with reduced DCI size(s)
· MPDCCH with existing DCI size(s)
· Early termination of PUSCH transmission and/or MPDCCH monitoring are considered.
· The detailed solutions can be different for HD-FDD and FD-FDD/TDD.
· RAN1#88bis also agreed the evaluation assumptions and performance metrics in [2].
RAN1#89 made the following agreement:
· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.
RAN1#90 made the following agreements:
· Explicit HARQ-ACK feedback is supported for the following purpose(s):
· Early termination of MPDCCH monitoring before going to sleep (details up to RAN2)
· FFS: Early termination of PUSCH transmission at least in FD-FDD and TDD
· The introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts.
Feature optionality
It is desired that the UE indicates with capability signaling whether it supports the new explicit HARQ-ACK feedback signaling or not, so that the network can make an informed decision regarding whether to spend downlink resources on transmitting the feedback signal or not.
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Early termination of PUSCH transmission
Beside the potential for early termination of MPDCCH monitoring, the introduction of positive HARQ-ACK feedback to the UE during an ongoing PUSCH transmission can enable early termination of said PUSCH transmission, which can in principle help save power and reduce uplink interference.
Simulation results in [3][4][5][6] indicate that the potential saving depends on the chosen BLER target for the (initial) PUSCH HARQ transmission.
· If a low BLER is targeted for a PUSCH transmission, a relatively high number of PUSCH repetitions per HARQ transmission must be used to guarantee a high chance of successful reception. This means that the amount of “excessive” repetition may be relatively large in many of the transmissions, and the potential gain from introducing a possibility to do early termination may be significant.
· If, on the other hand, a higher BLER is tolerated for the PUSCH transmission, a smaller number of PUSCH repetitions can be used per HARQ transmission. In this case, there may not be much “excessive” repetition within each transmission and the gain from being able to do early termination may not be that significant.
[bookmark: _GoBack]What BLER target to use is a network implementation aspect. Considering that the identified gains seem to be moderate and only visible in some scenarios, it seems reasonable that the efforts required to support the signaling should be kept to a minimum. Hence, we are inclined to support introducing the signaling only if it can be done effortlessly, which seems to be the case in FD-FDD and TDD but not in HD-FDD.
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Signal for a single UE or multiple UEs
RAN1 needs to decide between the following two options:
· Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission
· Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission
Different BL/CE UEs may be scheduled at different points in time, with different numbers of repetitions, in different narrowbands. Therefore, the potential synergy gains from Option 1 may be very limited. Option 2 on the other hand has the benefit that it only requires very small changes of the existing MPDCCH and DCI designs.
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A proposal for how to introduce signaling for positive HARQ-ACK feedback to a single UE using MPDCCH with existing DCI sizes (suitable for early termination of MPDCCH monitoring and/or early termination of PUSCH transmission at least in FD-FDD and TDD) is described in the next section.
Proposed HARQ-ACK signaling based existing DCI sizes
[bookmark: _Ref481671721]This section describes how signaling for positive HARQ-ACK feedback to a single UE using MPDCCH with existing DCI sizes can be introduced in CE modes A and B.
HARQ-ACK for single UE using existing DCI size in CE mode A
For BL/CE UEs, UL grants are scheduled using DCI format 6-0A in CE mode A [7]. A resource block assignment field in the DCI indicates the PUSCH PRB allocation. The field consists of {5, 6, 7, 8, 9, 9} bits for a system bandwidth of {1.4, 3, 5, 10, 15, 20} MHz. In CE mode B, all possible bit combinations are used, but in CE mode A, only some of the possible bit combinations are used [8][9]. For all possible configurations, at least 11 values are unused in CE mode A, as shown in Table 1.

[bookmark: _Ref478045855]Table 1: PUSCH resource allocation indices in CE mode A
	Configured maximum PUSCH channel bandwidth
	System bandwidth
	Number of unused values in resource block assignment field in DCI format 6-0A

	1.4 MHz
	1.4 MHz
	11

	
	3 MHz
	2 * 11 = 22

	
	5 MHz
	4 * 11 = 44

	
	10 MHz
	8 * 11 = 88

	
	15 MHz
	16 * 11 = 176

	
	20 MHz
	16 * 11 = 176

	5 MHz
	1.4 MHz
	11 – 0 = 11

	
	3 MHz
	22 – 3 = 19

	
	5 MHz
	44 – 19 = 25

	
	10 MHz
	88 – 59 = 29

	
	15 MHz
	176 – 99 = 77

	
	20 MHz
	176 – 139 = 37



Some of these at least 11 unused values could be used to indicate uplink HARQ-ACK feedback for the up to 8 uplink HARQ processes available in CE mode A according to Table 2.

[bookmark: _Ref478059066]Table 2: Uplink HARQ-ACK feedback in CE mode A
	Value
	Meaning

	Unused value 1
	Positive HARQ-ACK for UL HARQ process #0

	Unused value 2
	Positive HARQ-ACK for UL HARQ process #1

	Unused value 3
	Positive HARQ-ACK for UL HARQ process #2

	Unused value 4
	Positive HARQ-ACK for UL HARQ process #3

	Unused value 5
	Positive HARQ-ACK for UL HARQ process #4

	Unused value 6
	Positive HARQ-ACK for UL HARQ process #5

	Unused value 7
	Positive HARQ-ACK for UL HARQ process #6

	Unused value 8
	Positive HARQ-ACK for UL HARQ process #7

	Unused value 9
	Positive HARQ-ACK for all UL HARQ processes
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[bookmark: _Ref481671723]HARQ-ACK for single UE using existing DCI size in CE mode B
For BL/CE UEs, UL grants are scheduled using DCI format 6-0B in CE mode B [7]. A modulation and coding scheme (MCS) index is indicated by a 4-bit field in the DCI. The MCS index is used to determine the modulation order and transport block size (TBS) index. In CE mode A, all MCS indices are used. However, for CE mode B, MCS indices larger than 10 are not used [8], meaning that 5 values are unused in CE mode B, as shown in Table 3.

[bookmark: _Ref478032804]Table 3: PUSCH MCS indices in CE mode B
	MCS index
	Modulation order
	TBS index

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	Unused in CE mode B

	12
	

	13
	

	14
	

	15
	



Some of these 5 unused values could be used to indicate uplink HARQ-ACK feedback for the up to 2 uplink HARQ processes available in CE mode B according to Table 4.

[bookmark: _Ref478059462]Table 4: Uplink HARQ-ACK feedback in CE mode B
	MCS index
	Modulation order
	TBS index

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	Positive HARQ-ACK for UL HARQ process #0

	12
	Positive HARQ-ACK for UL HARQ process #1

	13
	Positive HARQ-ACK for all UL HARQ processes

	14
	Unused in CE mode B

	15
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Conclusion
We propose the following:
Proposal 1	Uplink HARQ-ACK feedback signaling is an optional UE capability with UE capability signaling to the network.
Proposal 2	Early termination of PUSCH transmission is not considered further for HD-FDD.
Proposal 3	The explicit HARQ-ACK feedback is for a single UE (not multiple UEs).
Proposal 4	Introduce signaling of positive HARQ-ACK feedback to a single UE using existing DCI size in CE mode A using unused bit combinations in the resource block assignment field in DCI format 6-0A.
Proposal 5	Introduce signaling of positive HARQ-ACK feedback to a single UE using existing DCI size in CE mode B using unused bit combinations in the MCS field in DCI format 6-0B.
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