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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.
In this contribution we present our initial views on this objective.
[bookmark: _Ref178064866]Discussion
Benefits with uplink HARQ-ACK feedback
The uplink HARQ operation for BL/CE UEs is asynchronous [2] and there is no explicit positive HARQ-ACK feedback sent from eNB to let the UE know whether an uplink data transmission on PUSCH was successfully received or not.
When the uplink traffic is relatively frequent, the UE receives an implicit positive HARQ-ACK feedback for the previous uplink data transmission when it is scheduled with a new uplink data transmission using the same PUSCH HARQ process with the new data indicator (NDI) bit toggled.
However, when the uplink traffic is relatively infrequent, the UE may not receive any implicit positive HARQ-ACK feedback for an uplink data transmission since there is no immediate next uplink data transmission with the NDI bit toggled. The UE will wait until a higher layer uplink HARQ retransmission timer expires, which could take a long time compared to the time scale of the physical layer procedures.
This means that the UE may have to keep its receiver circuitry on when it could have shut it off earlier if it could receive a positive HARQ-ACK feedback in the form of an UL grant from eNB to let the UE know that it does not need to stay awake for potential HARQ retransmissions. This would allow the UE to go to sleep earlier when it is configured with DRX operation in RRC connected mode, and also when the UE is being released from RRC connected mode to RRC idle mode and the UE has to stay up long enough to ensure that the eNB has received the RLC-ACK sent in uplink in response to the release message sent in downlink.

[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc478062067][bookmark: _Toc478062071][bookmark: _Toc478062074][bookmark: _Toc478062278][bookmark: _Toc478063213][bookmark: _Toc478124235][bookmark: _Toc478124441][bookmark: _Toc478146139]Positive HARQ-ACK feedback signaling may allow the UE to go to sleep earlier in DRX operation in connected mode or during release from connected to idle mode.

If mechanisms for early termination of PUSCH repetitions would be considered, they would also require some form of uplink HARQ-ACK feedback signaling in downlink. However, since early PUSCH termination may have quite significant impacts on specifications and implementations, we think that the potential gains and impacts need to be well understood before agreeing to introduce it.

[bookmark: _Toc478063214][bookmark: _Toc478124236][bookmark: _Toc478124442][bookmark: _Toc478146140]It is unclear whether the gains form early termination of PUSCH repetitions are significant enough to justify the impacts on specifications and implementations.

If uplink HARQ feedback signaling is introduced in downlink, it is desired that the UE indicates with capability signaling whether it supports the new 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.

[bookmark: _Toc478063215][bookmark: _Toc478124237][bookmark: _Toc478124443][bookmark: _Toc478146141]If uplink HARQ-ACK feedback signaling is introduced in downlink, it should be an optional UE capability with UE capability signaling to the network.

Uplink HARQ-ACK feedback in CE mode A
For BL/CE UEs, UL grants are scheduled using DCI format 6-0A in CE mode A [3]. 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 [4][5]. 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



[bookmark: _Toc478060081][bookmark: _Toc478060144][bookmark: _Toc478060393][bookmark: _Toc478060398][bookmark: _Toc478060408][bookmark: _Toc478060416][bookmark: _Toc478060423][bookmark: _Toc478060433][bookmark: _Toc478060460][bookmark: _Toc478060489][bookmark: _Toc478062069][bookmark: _Toc478062072][bookmark: _Toc478062075][bookmark: _Toc478062276][bookmark: _Toc478063216][bookmark: _Toc478124238][bookmark: _Toc478124444][bookmark: _Toc478146142]Consider introducing signaling of positive HARQ-ACK feedback in CE mode A using unused bit combinations in the resource block assignment field in DCI format 6-0A.

Uplink HARQ-ACK feedback in CE mode B
For BL/CE UEs, UL grants are scheduled using DCI format 6-0B in CE mode B [3]. A modulation and coding scheme (MCS) index is indicated by a 4-bit field in the DCI. The MCS index is used to determined 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 [4], 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 made the following observations:
Observation 1	Positive HARQ-ACK feedback signaling may allow the UE to go to sleep earlier in DRX operation in connected mode or during release from connected to idle mode.
Observation 2	It is unclear whether the gains form early termination of PUSCH repetitions are significant enough to justify the impacts on specifications and implementations.

We propose the following:
Proposal 1	If uplink HARQ-ACK feedback signaling is introduced in downlink, it should be an optional UE capability with UE capability signaling to the network.
Proposal 2	Consider introducing signaling of positive HARQ-ACK feedback in CE mode A using unused bit combinations in the resource block assignment field in DCI format 6-0A.
Proposal 3	Consider introducing signaling of positive HARQ-ACK feedback in CE mode B using unused bit combinations in the MCS field in DCI format 6-0B.

Further study of the potential gains and impacts is needed before final decisions are made.
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