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1 Introduction
In the RAN1#91 and RAN1#92, 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).
Agreement

· Upon receiving a PUSCH early termination DCI ending in subframe n, the UE shall stop the ongoing PUSCH transmission no later than in subframe n+k, with k following legacy MPDCCH-to-PUSCH timing.

Agreement

· For HD-FDD, early termination of PUSCH transmission is not supported in Rel-15.

Observations

· Support of explicit HARQ-ACK feedback for multiple UEs is FFS

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 for single UE
It is agreed DCI format 6-0A and DCI format 6-0B can be reused for CE mode A and CE mode B for explicit HARQ-ACK feedback for single UE. 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 early termination of both MPDCCH monitoring and PUSCH transmission, it means all the HARQ processes have been correctly detected and UE can terminate PDCCH monitoring and PUSCH transmission simultaneously. While for only termination of PUSCH transmission, it is needed to indicate which HARQ process should be terminated. 8 bits in other fields in DCI format 6-0A can be mapped to 8 different HARQ processes, in which the values are used to indicate ACK or NACK for each HARQ process.
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. While for only termination of PUSCH transmission, only 2 bits are needed for indicating ACK or NACK for each HARQ process since there are 2 HARQ processes in CE mode B.
Proposal 1: For only termination of PUSCH transmission, ACK/NACK for each of HARQ process should be indicated separately by DCI format 6-0A/B unused fields for UE power saving.
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:

Note: here we do not consider the potential resource allocation update for DCI format 6-0A in new WID of flexible resource allocation (at most RRC signaling for flexible resource allocation enable/disable, assuming no DCI format content update), we assume it is easy to be adopted in new resource allocation design:

·  
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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 indicate 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. 
In case the configured maximal PUSCH channel bandwidth is 6 PRBs (ce-pusch-maxBandwidth-config is OFF), no matter what is used as the narrowband index indication, there are still 11 unused states in the LSB 5bit. So the early termination of MPDCCH monitoring and PUSCH transmission can be indicated as Table 1, 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 1 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 2: 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.
In case the configured maximal PUSCH channel bandwidth is 24 PRBs (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 6 PRBs.
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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 2. 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 25 PRBs, the total length of resource block assignment field is 7, so x is “11111”, while for system bandwidth is100 PRBs, 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 6 PRBs as a unified solution.
Table 2 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     (x='1…1')

	Early termination of PUSCH ONLY
	x00     (x='1…1')


Proposal 3: ‘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 3, e.g some of the “other” fields of DCI format 6-0A are set to “0”.
Table 3 Default value for some fields in DCI format 6-0A for explicit HARQ-ACK
	DCI format 6-0A Field
	Early termination of PUSCH ONLY
	Early termination of MPDCCH and PUSCH

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

	Resource block assignment
	LSB 5bit is set to '11100'

Or 'x00', x='1…1'
	LSB 5bit is set to '11111'

Or 'x11', x='1…1'

	Frequency hopping flag
	ACK/NACK of 

HARQ process 0
	Reserve to  '0'

	TPC command for scheduled PUSCH
	ACK/NACK of 

HARQ process 1-2
	Reserve to  '00'

	Modulation and coding scheme 
	ACK/NACK of 

HARQ process 3-6
	Reserve to  '0000'

	New data indicator
	ACK/NACK of 

HARQ process 7
	Reserve to  '0'

	Others
	Reserve to  '0…0'
	Reserve to  '0…0'


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 4.

Table 4: 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 5 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 6, e.g some of the “other” fields of DCI format 6-0B are set to “0”.
Table 6 indication of early termination of MPDCCH monitoring and PUSCH transmission for CE mode B

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

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

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

	DCI subframe repetition
	ACK/NACK of 

HARQ process 0-1
	Reserve to  '00'

	Others
	Reserve to  '0…0'
	Reserve to  '0…0'


Proposal 4: ‘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.
2.2 Search Space for Early Termination Indication
The current MPDCCH UE specific search space (USS) is discontinuous and may not provide opportunities for early termination indication, especially for early termination of PUSCH transmission as shown in Figure 2. There is no overlap for the PUSCH transmission and any MPDCCH USS and there is no opportunity for the eNB to transmit an early termination indication for PUSCH transmission.
So new search space should be added between two MPDCCH UE specific search spaces. In this way, most of UEs would get the benefits of HARQ-ACK feedback via early termination indication. As analysis in [5], considering the control overhead, UE power consumption and larger data channel repetitions, group based common search space is more preferable. There are some potential limitations on scheduling, such as scheduling the UEs in the same group at the same time; UEs in the same group should have the similar coverage, etc. Furthermore, UE should retune to a certain narrowband to search HARQ-ACK and early termination indication in the new common search space, especially for CE mode B. The search space (including the narrowband index and the period and offset of the search space) can be configured by RRC signal as the legacy search space configuration. In order to reduce the blind detection in new search space, limited combination of MPDCCH repetition and aggregation level should be considered.
UE should ignore the following group based common search space: 1) search space overlap with UE specific search space 2) search space without any overlap with PUSCH transmission.

[image: image4.emf]R

max

G*R

max

R

max

G*R

max

R

max

MPDCCH USS

MPUSCH MPUSCH

How to signal early 

termination signal?

How to signal early 

termination signal?


Figure 2 MPDCCH non-continuous USS miss early termination signal
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Figure 3 Group based common search space
Proposal 5: Introduce new MPCCH common search space for UL HARQ-ACK feedback, especially for CE mode B.
2.3 Explicit PUSCH HARQ ACK indication in DCI for Multiple UE
In the new search space, compacted (reduced) DCI should be designed to reduce the repetition number of MPDCCH. A kind of common DCI similar to DCI format 3/3A for TPC for multiple UE multiplexing with reduced size could be considered.
Following the current DCI format 3/3A for uplink power control, common DCI for HARQ-ACK feedback can be design as: 
1) eNB allocates a RNTI value (similar to tpc-RNTI) and an index (similar to tpc-Index) to UE via RRC signaling 
2) multiple UEs with the same coverage level (similar Rmax of UE specific search space) use the same RNTI (easy to multiplex UEs with same repetition level in one DCI), 
3) UE monitors PDCCH with the RNTI value and finds its own HARQ ACK/NACK indication via the tpc-index. 
For the new common DCI, the size should be reduced and the maximal multiplexing UE number should be limited, and the maximal repetition number of Rmax can be scaling configured. Consider the maximal HARQ process number, one or multiple HARQ ACK/NACK(s) could be indicated in one DCI per UE for CE mode B. There are only 2 HARQ processes for CE mode B, so the field of DCI can be designed as bitmap with one HARQ-ACK bit for each HARQ process for each UE as shown in Figure 4.
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Figure 4 Bitmap HARQ ACK for each process (maximal HARQ process number is 2)
Proposal 6: Introduce new common DCI for multiple UE multiplexing carrying multiple HARQ processes HARQ-ACK feedback.
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: For only termination PUSCH transmission, ACK/NACK for each of HARQ process should be indicated separately by DCI format 6-0A/B unused fields for UE power saving.
Proposal 2: 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 3: ‘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 4: ‘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.
Proposal 5: Introduce new MPCCH common search space for UL HARQ-ACK feedback, especially for CE mode B.
Proposal 6: Introduce new common DCI for multiple UE multiplexing carrying multiple HARQ processes HARQ-ACK feedback.

References


[1] RP-170732, “New WID on Even further enhanced MTC for LTE”, Ericsson, RAN #75
[2] R1-1801431, “Further considerations on HARQ-ACK feedback for PUSCH in eFeMTC”, Huawei, HiSilicon, RAN1#92
[3] R1-1801812, “Remaining issue for uplink HARQ-ACK feedback in efeMTC”, Lenovo, Motorola Mobility, RAN1#92
[4] R1-1801484, “Uplink HARQ-ACK feedback for MTC”, Ericsson, RAN1#92
[5] R1-1801926, “Group DCI for uplink HARQ-ACK feedback”, Samsung, RAN1#92
[6] R1-1802057, “Using Uplink HARQ feedback for early PUSCH repetitions termination”, Sony, RAN1#92



Rmax
G*Rmax
Rmax
G*Rmax
Rmax
MPDCCH USS
MPUSCH
MPUSCH
How to signal early termination signal?
How to signal early termination signal?





Rmax
G*Rmax
Rmax
G*Rmax
MPUSCH
MPUSCH


Rmax
G*Rmax
Rmax
G*Rmax
MPUSCH
MPUSCH
















UE1
















Group based Common Search Space

Rmax

















Rmax
G*Rmax


Rmax
G*Rmax
Rmax
G*Rmax
G*Rmax
UE2
MPUSCH
MPUSCH
MPUSCH



_1577704577.unknown

