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1 Introduction
In the RAN1#91, the following agreement is achieved for uplink HARQ-ACK feedback and early termination indication design to support work item objective of reducing power consumption:
Agreement
· 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).
Remaining issue of explicit HARQ-ACK feedback for early termination of MPDCCH monitoring and PUSCH transmission of even further eMTC for UE power saving are presented.
2 Discussion
2.1 Explicit PUSCH HARQ ACK indication in DCI
It is agreed that for explicit HARQ-ACK feedback, DCI format 6-0A and DCI format 6-0B can be reused for CE mode A and CE mode B respectively. For CE mode A, “resource block assignment” field in DCI format 6-0A has some unused states, which can be used to indicate early termination of MPDCCH monitoring and/or PUSCH transmission. For CE mode B, “MCS” field in DCI format 6-0B has some unused states, which can be used to indicate early termination of MPDCCH monitoring and/or PUSCH transmission. Following we will give the detail analysis and solutions on how to use these unused states in DCI format to indicate the early termination. 
2.1.1 DCI format 6-0A

In R.13 and R.14 eMTC, 
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+5 bits are used for PUSCH resource block assignment in DCI format 6-0A:

·  
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 is used to indicate the narrowband index, whose length is determined by the uplink system bandwidth, The field consists of {0, 1, 2, 3, 4, 4} bits for a system bandwidth of {6, 15, 25, 50, 75, 100} PRB separately
· The remaining 5 bit is used to indication the physical resource block within the narrowband in R.13 MTC or total number of RBG starting from the narrowband index in R.14 MTC. 
The remaining unused state for resource allocation file is list in Table 1.

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

	6 PRB
(R.13 MTC)
	6PRB
	11

	
	15PRB
	2 * 11 = 22

	
	25PRB
	4 * 11 = 44

	
	50PRB
	8 * 11 = 88

	
	75PRB
	16 * 11 = 176

	
	100PRB
	16 * 11 = 176

	24 PRB
(R.14 MTC)
	6PRB
	11 – 0 = 11

	
	15PRB
	22 – 3 = 19

	
	25PRB
	44 – 19 = 25

	
	50PRB
	88 – 59 = 29

	
	75PRB
	176 – 99 = 77

	
	100PRB
	176 – 139 = 37


For the configured maximal PUSCH channel bandwidth is 6PRB (ce-pusch-maxBandwidth-config is OFF), no matter what is the narrowband index indication, there are still 11 unused state in the LSB 5bit. So the early termination of MPDCCH monitoring and PUSCH transmission can be indicated as Table 2, and the resource allocation field of narrowband index indication part can be reserved for other purposes. Here we select two unused states (11111 and 11100) within the 11 unused states to make the hamming distance as big as possible.
Table 2 Unused states used for early termination indication in CE mode A (R.13MTC)
	Case
	Unused states used for early termination indication

	Early termination of MPDCCH and PUSCH
	31 (LSB: 11111)

	Early termination of PUSCH ONLY
	28 (LSB: 11100)


Proposal 1: LSB 5bits of (‘11111’ and ‘11100’) in resource block assignment filed in DCI format 6-0A for R.13 MTC is used for 1)early termination indication of  both MPDCCH monitoring and PUSCH transmission and 2)only early termination of PUSCH transmission separately.
For the configured maximal PUSCH channel bandwidth is 24PRB (ce-pusch-maxBandwidth-config is ON), we illustrate all the remaining unused states in Figure 1. It is hard to design a unified unused state to indicate the early termination of MPDDCH and PUSCH transmission similar as the case of configured maximal PUSCH channel bandwidth of 6PRB.
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Figure 1 Unused states in PUSCH resource allocation in DCI format 6-0A
So the unused states for early termination of MPDCCH monitoring and PUSCH transmission is related to the uplink system bandwidth or length of resource block assignment in DCI format 6-0A as Table 3. Here x is all “1”bits, the length of x is the length of resource allocation field minus two. For example, for uplink system bandwidth is 25PRB, the total length of resource block assignment field is 7, so x is “11111”, while for system bandwidth is100PRB, the total length of resource block assignment field is 9, so x is “1111111”.  The solution can be used to the case configured maximal PUSCH channel bandwidth of 6PRB as a unified solution.
Table 3 Unused states used for early termination indication in CE mode A (R.13/14MTC)
	Case
	Unused states to be used for indication

	Early termination of MPDCCH and PUSCH
	x11

	Early termination of PUSCH ONLY
	x00


Proposal 2: ‘x11’ or ‘x00’ of resource block assignment filed in DCI format 6-0A for R.13/14 MTC is used for 1)early termination indication of  both MPDCCH monitoring and PUSCH transmission and 2)only early termination of PUSCH transmission separately.
To improve the reliability of the UL HARQ-ACK, it is preferred to set the other fields in the DCI format 6-0A to default values, which can be used as validation bits as Table 4, e.g some of the “other” fields of DCI format 6-0A are set to “0”.
Table 4 Default value for some fields in DCI format 6-0A for explicit HARQ-ACK
	DCI format 6-0A Field
	Early termination of MPDCCH and PUSCH
	Early termination of PUSCH ONLY

	Flag format 6-0A/6-1A
	Set to ‘0’
	Set to ‘0’

	Resource block assignment
	LSB 5bit is set to '11111'

Or 'x11'
	LSB 5bit is set to '11100'

Or 'x00'

	Frequency hopping flag
	Set to '0'
	Set to '0'

	TPC command for scheduled PUSCH
	Set to '00'
	Set to '00'

	Modulation and coding scheme 
	Set to '0000'
	Set to '0000'

	HARQ process number
	Set to '000'
	Set to '000'

	New data indicator
	Set to '0'
	Set to '0'

	Redundancy version
	Set to '00'
	Set to '00'

	Others
	X
	X


2.1.2 DCI format 6-0B

For BL/CE UEs, UL grants are scheduled using DCI format 6-0B in CE mode B. The MCS index is used to determine the modulation order and transport block size (TBS) index. MCS indices larger than 10 are not used, meaning that five values are unused in CE mode B as shown in Table 6.

Table 6: 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
	


Table 7 Unused states used for early termination indication in CE mode B (R.13/14MTC)
	Case
	Unused states in MCS to be used for early termination indication

	Early termination of MPDCCH and PUSCH
	1111

	Early termination of PUSCH ONLY
	1100


So the indication of early termination of MPDCCH monitoring and PUSCH transmission and default values for some fields for DCI format 6-0B for CE mode B can be designed as Table 8, e.g some of the “other” fields of DCI format 6-0B are set to “0”.
Table 8 indication of early termination of MPDCCH monitoring and PUSCH transmission for CE mode B

	DCI format 6-0B Field
	Early termination of MPDCCH and PUSCH
	Early termination of PUSCH ONLY

	Flag format 6-0B/6-1B
	Set to ‘0’
	Set to ‘0’

	Modulation and coding scheme
	set to '1111'
	set to '1100'

	Resource block assignment
	LSB Set to '000'
	LSB Set to '000'

	DCI subframe repetition
	Set to '00'
	Set to '00'

	Repetition number
	Set to '000'
	Set to '000'

	HARQ process number
	Set to '0'
	Set to '0'

	New data indicator
	Set to '0'
	Set to '0'

	Others
	X
	X


Proposal 3: ‘1111’ and ‘1100’ of MCS filed in DCI format 6-0B for R.13/14 MTC is used for 1)early termination indication of  both MPDCCH monitoring and PUSCH transmission and 2)only early termination of PUSCH transmission separately.
3 Conclusions
In this contribution, further considerations of HARQ-ACK feedback for UE power saving and early termination for PUSCH transmission of even further eMTC is provided. The following proposals are given.
Proposal 1: LSB 5bits of (‘11111’ and ‘11100’) in resource block assignment filed in DCI format 6-0A for R.13 MTC is used for 1)early termination indication of  both MPDCCH monitoring and PUSCH transmission and 2)only early termination of PUSCH transmission separately.
Proposal 2: ‘x11’ or ‘x00’ of resource block assignment filed in DCI format 6-0A for R.13/14 MTC is used for 1)early termination indication of  both MPDCCH monitoring and PUSCH transmission and 2)only early termination of PUSCH transmission separately.
Proposal 3: ‘1111’ and ‘1100’ of MCS filed in DCI format 6-0B for R.13/14 MTC is used for 1)early termination indication of  both MPDCCH monitoring and PUSCH transmission and 2)only early termination of PUSCH transmission separately.
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