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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.
RAN1#90bis made the following agreements:
· Early termination of PUSCH transmission is supported at least in FD-FDD and TDD by the following:
· MPDCCH for UL grant for scheduling new UL data
· MPDCCH for explicit HARQ-ACK feedback
· For explicit HARQ-ACK feedback for early termination of MPDCCH monitoring:
· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.
· For explicit HARQ-ACK feedback for early termination of PUSCH transmission:
· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.
· FFS: Explicit HARQ-ACK feedback for multiple UEs is carried in a DCI
RAN1#91 made the following agreements:
· [bookmark: _Hlk505237598]For the explicit HARQ-ACK feedback signaling,
· For CE mode A, unused state(s) in the “resource assignment” field in DCI format 6-0A is used to indicate explicit HARQ-ACK feedback for a single UE.
· FFS: If other fields are set to predetermined values
· For CE mode B, unused state(s) in the “MCS” field in DCI format 6-0B is used to indicate explicit HARQ-ACK feedback for a single UE.
· FFS: If other fields are set to predetermined values
· Working assumption:
· One unused DCI state in each CE mode is used for indicating:
· Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission
· Another unused DCI state in each CE mode is used for indicating:
· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)
· It can be left up to RAN2 whether the new feedback signaling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).
· An LS was sent to RAN2 in [3] asking for feedback on the above working assumption.
Capability signalling
It is desired that the UE indicates with capability signaling whether it supports the new functionality 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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Duplex modes for early PUSCH termination
Simulation results in [4][5][6][7] indicate that the potential gains from early PUSCH termination 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.
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 multiple UEs
Different BL/CE UEs may be scheduled at different points in time, with different numbers of repetitions, in different narrowbands. Therefore, the potential synergies from supporting explicit HARQ-ACK feedback for multiple UEs carried in a single DCI may be very limited.
As an illustrative example, Figure 1 and Figure 2 show the coupling gain distribution and UL transmission duration, respectively, from IMT-2020 mMTC connection density system simulations presented in [8]. It can be seen from Figure 2 that even in the more challenging scenario (Configuration B), the number of subframe repetitions is usually very small and rarely more than a dozen or so.
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[bookmark: _Ref506393812]Figure 1: Coupling gain distribution for test environment Urban Macro mMTC based on settings in [8]
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[bookmark: _Ref506393813]Figure 2: UL transmission duration [ms] for test environment Urban Macro mMTC Configuration B
Signal for a single UE
It has been agreed that for the explicit HARQ-ACK feedback signaling, one or more unused states in the Resource block assignment field in DCI format 6-0A and one or more unused states in the MCS field in DCI format 6-0B are used to indicate explicit HARQ-ACK feedback for a single UE.
It is FFS whether other DCI fields are set to predetermined values. Table 1 lists the fields and comments on the potential need to retain the fields in the new signal. Beside the UL/DL format differentiation flag, there may not be many fields that need to be retained. Many of the fields can thus be set to fixed predetermined values if this would be considered beneficial.
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	DCI field
	DCI format 6-0A
	DCI format 6-0B

	UL/DL format differentiation flag
	Needed
	Needed

	Frequency hopping flag
	Not needed
	N/A

	Resource block assignment
	To be repurposed
	Not needed

	Modulation and coding scheme
	Not needed
	To be repurposed

	Repetition number
	Not needed
	Not needed

	HARQ process number
	Pending RAN2 feedback?
	Pending RAN2 feedback?

	New data indicator
	Not needed
	Not needed

	Redundancy version
	Not needed
	N/A

	TPC command
	Not needed?
	N/A

	UL index (TDD only)
	Not needed
	N/A

	DL assignment index (TDD only)
	Not needed
	N/A

	CSI request
	Not needed
	N/A

	SRS request
	Not needed
	N/A

	MPDCCH repetition number
	Not needed?
	Not needed?

	Modulation order override (Rel-14 feature)
	Not needed
	N/A



For CE mode A, UL grants are scheduled using DCI format 6-0A [9]. 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 [10][11]. For all possible configurations, at least 11 values are unused in CE mode A, as shown in Table 2.
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	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



For CE mode B, UL grants are scheduled using DCI format 6-0B [9]. 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. For CE mode B, MCS indices larger than 10 are not used [10], 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
	



We propose to confirm the working assumptions made in RAN1#91. However, we are also fine with awaiting potential feedback from RAN2 on the RAN1#91 working assumption [3] if considered necessary.
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Since there are several WI objectives with impacts on the DCI definition [1], we propose that the decision of what unused values to use for this signal is left open until the work with detailed DCI definitions for other WI objectives has progressed further.
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As an alternative, RAN1 could already now agree in principle to using the highest unused values in the Resource block assignment and MCS fields, respectively, for the new HARQ-ACK feedback.
Conclusion
We propose the following:
Proposal 1	Explicit HARQ-ACK feedback in connected mode is an optional UE capability with UE capability signaling to the network.
Proposal 2	Early PUSCH termination in connected mode is an optional UE capability with UE capability signaling to the network.
Proposal 3	From RAN1 point of view, the two sub-features (explicit HARQ-ACK feedback and early PUSCH termination) can either be separate or bundled into a single UE capability.
Proposal 4	Early PUSCH termination in HD-FDD is not considered further.
Proposal 5	Explicit HARQ-ACK feedback for multiple UEs carried in a single DCI is not considered further.
Proposal 6	Confirm the working assumption that one unused DCI state in each CE mode is used for indicating early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission.
Proposal 7	Confirm the working assumption that another unused DCI state in each CE mode is used for indicating early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring).
Proposal 8	Confirm the working assumption that it can be left up to RAN2 whether the new feedback signaling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).
Proposal 9	Leave the decision of what unused DCI values to use for this signal open until other WI objectives have progressed a bit further.
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