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1 Introduction

In RAN1#90bis, it was agreed that explicit HARQ-ACK feedback is supported for early termination of PUSCH transmission [1]:
	Agreement
· 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

Agreement
· 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


In RAN1#91, it was agreed that the HARQ-ACK indication is based on the unused states of related DCI fields of different CE modes [2]:
	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


The following working assumption was made that the indication of with/without termination of MPDCCH monitoring can be distinguished by different states:

	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).


Further in RAN1#92, detailed agreement on termination time and applied duplex mode was reached [3]:

	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


In this contribution, we first give our further considerations on the detailed design on DCI format for early termination of UE-specific HARQ-ACK feedback. Then we discuss the potential introduction of the new search space for UE-specific feedback. The FFS parts about HARQ-ACK feedback for multiple UEs are also analyzed.
2 Discussion
2.1 Necessity of using two states for different feedback purpose

In the working assumption, it is already assumed that two different unused DCI states are used to indicate two different kinds of HARQ-ACK feedback: (1) Termination of ongoing PUSCH. (2) Termination of both ongoing PUSCH and MPDCCH monitoring. In our opinion, it is reasonable to use two different states for these two different feedback purpose, and thus the WA should be confirmed.
One may argue that only one state is enough for these two purposes, since the UE can determine whether it shall stop monitoring MPDCCH or not by checking whether the feedback is for the last UL packet. However, it is still possible that the eNB would like to only terminate the PUSCH even though it is the last UL packet of the UE. For example, the eNB may transmit a DL packet to the UE directly after the last UL packet. In this case, the MPDCCH monitoring should not be terminated.
In summary, using two unused DCI states to indicate two different kinds of HARQ-ACK feedback brings higher flexibility, compared to the case that only one unused state is used. As it is a DCI state, it requires no new bits to be transmitted. .
Proposal 1: Confirm the working asusmption to use two different unused DCI states to indicate: (1) Early termination of ongoing PUSCH (2) Early termination of both ongoing PUSCH and MPDCCH monitoring.
2.2 UE-specific DCI for feedback of PUSCH transmission and termination of MPDCCH monitoring in CE mode A
It was agreed that the unused state(s) in the “resource block assignment” field in DCI format 6-0A are used to indicate explicit HARQ-ACK feedback for a single UE in CE mode A. Based on the agreement, 8 bits in other fields can be mapped to the 8 different HARQ processes, in which the values are used to indicate ACK or NACK. For example, the frequency hopping flag (1 bit), modulation and coding scheme (3 bits), and HARQ process number (4 bits) can be used. 
The termination type indication flags (i.e. unused states) of two different kinds of feedback should be determined. For DCI format 6-0A, one of the unused states can be ‘All 1’ for simplicity. When selecting another unused state, the Hamming distance between these two states can be considered. One candidate is setting  
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 MSB bits as ‘All 1’, and 5 LSB bits as ‘11000’. These two flags are suitable and unused for all system BW and all UE UL BW capability (i.e. 1.4 MHz and 5 MHz).
The following table summarizes how DCI format 6-0A can be used for this purpose:

Table 1 Reusing DCI format 6-0A for UE-specific HARQ-ACK feedback
	Fields
	Number of bits
	Value
	Purpose

	Flag for format 6-0A/format 6-1A differentiation
	1
	‘0’
	Indicates format 6-0A

	Frequency hopping flag
	1
	‘0’ or ‘1’
	ACK/NACK of 
HARQ process 0

	Resource block assignment
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	‘11…11111’ or ‘11…11000’
	Termination type flag

	Modulation and coding scheme
	4
	4-bit states
	ACK/NACK of 
HARQ processes 1 ~ 4

	Repetition number
	2 or 3
	All ‘1’ or all ‘ 0‘
	Reserved 

	HARQ process number
	3
	3-bit states
	ACK/NACK of 
HARQ processes 5 ~ 7

	NDI
	1
	‘0’ or ‘1’
	Reserved 

	Redundancy version
	2
	All ‘1’ or all ‘0’
	Reserved 

	TPC command for scheduled PUSCH
	2
	Depend on command
	TPC command

	UL index/ DAI
	2
	All ‘1’ or all ‘0’
	Reserved 

	CSI request
	1
	‘0’ or ‘1’
	Reserved 

	SRS request
	1
	‘0’ or ‘1’
	Reserved 

	DCI subframe repetition number
	2
	Depend on command
	Identifying the end of the DCI/MPDCCH 

	Modulation order override
	0 or 1
	‘0’ or ‘1’ or not present
	Reserved 


As can be seen from the table, if the HARQ process number is to be indicated, then by pre-defining the mapping between the fields and HARQ processes, the HARQ-ACK feedback DCI can indicate all HARQ processes at the same time.  It is more efficient than indicating the HARQ process ID and the ACK/NACK of the HARQ process, or indicating the ACK/NACK of each HARQ process by using different unused states [4], since only one HARQ process can be indicated in such schemes.
For the field of DCI subframe repetition number, it should be kept for identifying the end of the DCI/MPDCCH. Note that in RAN1#92, it is agreed that the UE shall terminate the PUSCH no later than subframe n+k upon receiving the DCI ending in subframe n. The exact identification of the end of the DCI (i.e. subframe n) requires the indication of this field.
For the TPC command, if the UE is configured with accumulated TPC, it is beneficial to keep this field for faster TPC adjustment. For example, if the eNB terminates the PUSCH of a UE by the feedback DCI, and continues scheduling the UE by a legacy DCI, then the eNB has two chances to adjust the UE’s transmit power, and expands the total adjustment range from [-1, 3] dB to [-2, 6] dB. It is preferred to keep this field for the case of termination of ongoing PUSCH if the UE is configured with accumulated TPC.
Proposal 2: For UE-specific DCI, for CE mode A, reuse DCI format 6-0A to indicate the HARQ-ACK feedback by
· Setting the resource block assignment field as ‘11…11111’ is the indicator of ‘Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)’

· Setting the resource block assignment field as ‘11…11000’ is the indicator of ‘Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission’

· Setting Flag format 6-0A/format 6-1A differentiation as ‘0’ is the indicator of format 6-0A
· 8 bits from Frequency hopping flag (1-bit), Modulation and coding scheme (3-bits), and HARQ process number (4-bits) are used to indicate the ACK/NACK of 8 different HARQ-ACK processes
· The DCI subframe repetition number field is valid

· The TPC command field is valid for the case of early termination of PUSCH only if the UE is configured with accumulated TPC
· Other fields are reserved (all ‘1’ or all ‘0’).
In addition, the resource allocation field may be extended due to the introduction of sub-PRB allocation. Also, due to the topic of flexible staring PRB, some of the unused resource allocation states may be used. In this case, the above scheme still holds if the two states ‘11…11111’ and ‘11…11000’ of resource block assignment field remain unused.

2.3 UE-specific DCI for feedback of PUSCH transmission and termination of MPDCCH monitoring in CE mode B

It was agreed that unused state(s) in the “MCS” field in DCI format 6-0B are used to indicate explicit HARQ-ACK feedback for a single UE in CE mode B. Unlike CE mode A, only 2 bits are needed since there are 2 HARQ processes in CE mode B. For example, the 2 MSB bits of the resource block assignment field can be used to indicate the ACK/NACK of the two HARQ processes, respectively. Most of the fields can be reserved, e.g. set to be all ‘1’ or all ‘0’ to increase the reliability of detection. 

The indication flags of two different kinds of feedback should be determined. For DCI format 6-0B, one state can be ‘1111’ for simplicity. Another state can be ‘1100’ for large Hamming distance.

The following table summarizes how DCI format 6-0B can be used for this purpose:

Table 2 Reusing DCI format 6-0B for UE-specific HARQ-ACK feedback

	Fields
	Number of bits
	Value
	Purpose

	Flag for format 6-0B/format 6-1B differentiation
	1
	‘0’
	Indicates format 6-0B

	Resource block assignment
	1st MSB bit
	‘0’ or ‘1’ 
	ACK/NACK of 

HARQ process 0

	
	2nd MSB bit
	‘0’ or ‘1’ 
	ACK/NACK of 

HARQ process 1
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	All ‘1’
	Reserved

	Modulation and coding scheme
	4
	‘1111’ or ‘1100’
	Termination type Flag

	Repetition number
	3
	All ‘1’ or all ‘0’
	Reserved 

	HARQ process number
	1
	‘0’ or ‘1’
	Reserved

	NDI
	1
	‘0’ or ‘1’
	Reserved 

	DCI subframe repetition number
	2
	Depend on command
	Identifying the end of the DCI/MPDCCH 


Similar to Table 1, by pre-defining the mapping between the fields and HARQ processes, the HARQ-ACK feedback DCI can indicate all HARQ processes at the same time.  Also, the field of DCI subframe repetition number should be kept to identify the end of DCI/MPDCCH.
Due to the topic of sub-PRB allocation, some of the unused MCS states may be used to indicate pi/2 BPSK modulation. In this case, the above scheme still holds if the two states ‘1111’ and ‘1100’ from MCS field remain unused.
Proposal 3: For UE-specific DCI, for CE mode B, reuse DCI format 6-0B to indicate the HARQ-ACK feedback by

· Setting the MCS field as ‘1111’ is the indicator of ‘Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)’

· Setting the MCS field as ‘1100’ is the indicator of ‘Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission’

· Setting Flag format 6-0B/format 6-1B differentiation as ‘0’ is the indicator of format 6-0B
· 2 MSB bits in Resource block assignment field are used to indicate the ACK/NACK of 2 different HARQ-ACK processes
· The DCI subframe repetition number field is valid
· Other fields are reserved (all ‘1’ or all ‘0’).

2.4 Search space for UE-specific HARQ-ACK feedback
For the UE-specific HARQ-ACK feedback, the feedback timing can also be UE-specific. Beside the already existing USS, a new USS may be introduced for timely UL feedback. But in some cases, use of the new USS may not be necessary. For example, if the repetition number of PUSCH is quite large, the legacy USS may be timely enough for HARQ-ACK feedback, as illustrated in Figure 1(a). On the other hand, the legacy USS may not be timely enough if its period is comparable to the PUSCH repetition time, and new USS should be applied to the UE, as illustrated in Figure 1(b):
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Figure 1 Introduction of new USS; (a) Not necessary (b) Necessary.
Whether the UE should monitor the HARQ-ACK feedback in a new USS can depend on the ratio of PUSCH repetition number to the USS period. The new USS should be configured with a shorter period, but if the new USS overlaps with legacy USS in time domain, the UE is only required to monitor the legacy USS to avoid increasing the blind detection complexity. Note that the new USS does not have to be located in the same NB with the legacy one. Then, based on the ratio of PUSCH repetition number (which is dynamic and indicated in the scheduling DCI) to the USS period, the UE can determine whether it should monitor feedback DCI in the new USS or not. If the ratio is smaller than a predefined threshold, the UE should monitor the feedback DCI in the legacy USS and the new USS at the relevant times, otherwise the UE should only monitor the DCI in the legacy USS.
Proposal 4: For UE-specific HARQ-ACK feedback, new USS can be configured to the UE, and the UE monitors feedback DCI in the new USS only when the ratio of PUSCH repetition number to the legacy USS period is smaller than a threshold.
2.5 Group common DCI with multiple UEs’ feedback

In our previous paper [5], we have analyzed the advantages and drawbacks of group-common DCI for the HARQ-ACK feedback for multiple UEs. To keep this paper brevity, the detailed figures and analysis are omitted here. In summary, we have the following observations on group-common HARQ-ACK feedback.
Observation 1: Group-common DCI is more efficient in termination of ongoing PUSCH than termination of MPDCCH monitoring.
Observation 2: Group-common DCI is more efficient in the case where the UE number is large and the UL packets are small and sparse.
We have also discussed the issue caused by the requirement of the same DCI size between group-common DCI and DCI format 6-0A/6-0B. With comprehensive consideration on PUSCH repetition number, deployment scenario and variety of DCI payload size, we propose that group-common HARQ-ACK feedback is supported only in CE mode B.

Proposal 5: Support group-common HARQ-ACK feedback only in CE mode B.
Considering that the group common DCI focuses on the case with plenty of UEs, an explicit grouping method may be too complex since many UE groups have to be maintained. More importantly, it is hard for the eNB to guarantee that the UEs in an explicit group have similar traffic loads. If the UEs in the explicit group seldom have UL data at the same time, the group common DCI cannot reduce the cost of MPDCCH much.

Hence, a resource-based group-common DCI can be considered. In this method, no explicit grouping is introduced. Each field of the feedback channel indicates the ACK/NACK of one HARQ process in a predefined resource, e.g. one RB, or 3 subcarriers. The 2-of-3 subcarriers allocation can be regarded as a three subcarrier allocation when considering HARQ-ACK feedback. The UE can be informed if its transmission is successful or not since it knows which resource(s) belong to it, as shown in Figure 2. 
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Figure 2 Each field of the feedback channel indicates the ACK/NACK of one HARQ process in a resource

Compared to group-TPC-like DCI with explicit grouping, this method has several advantages. First, it does not have to indicate the HARQ process ID, which brings higher efficiency. The relationship of the field and the resource can be predefined. Since each of the HARQ processes is allocated to a certain resource(s), the HARQ-ACK will be automatically indicated by one or more fields in the DCI. Second, it does not have to divide the UEs into different groups explicitly. Each HARQ-ACK DCI can be defined to indicate the HARQ process(es) in a range of resources and distinguished by resource-based RNTI. It avoids the drawback that the UEs in an explicit group may have different traffic loads, because for the UEs monitoring the same group common DCI, they are already implicitly grouped due to the same UL transmission time. Its performance could be more stable. 
For the UEs scheduled by MPDCCH in search spaces associated to the same starting time, a common set of reference times can be used by the UEs. The reference times can be determined from the cell’s configuration of the maximum number of repetitions of the PUSCH and MPDCCH. In addition, the group-common HARQ-ACK feedback may only be applied to the UEs with large PUSCH repetition number. If the UE’s PUSCH repetition number is small, the waste of time-frequency resource and energy due to the redundant PUSCH transmission will not be large. This also benefits the resource-to-field mapping, since the mapping may be able to omit the resource in time domain. 

Figure 3 shows a possible way of using group-common feedback, assuming that the PUSCHs from same or different UEs in a range of resources get group-common feedback in CSS located in NB1.
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Figure 3 Illustration of group-common feedback
In Figure 3, the PUSCHs in the resource enclosed by the red dashed line may get feedback by group-common DCI conveyed in CSS1 or CSS2. Meanwhile, the PUSCHs in the resource enclosed by the blue dashed line may receive feedback by group-common DCI conveyed in CSS2 or CSS3. In this figure, the resource-to-field mapping can only consider the frequency domain of the resource. Though the division of the resources leads to overlapping in time domain, both the UE and eNB will not be confused. For example, UE1 and UE4 share the same frequency location, but UE1 will only monitor the group-common DCI in CSS1, and UE4 will only monitor the group-common DCI in CSS2. Hence, the DCI in CSS1 carries the feedbacks for UE1 and UE2, and DCI in CSS2 carries the feedbacks for UE2, UE4 and UE5, and the DCI in CSS3 carries the feedbacks for UE5. 
The only issue may be UE3, whose PUSCH repetition number is quite small. As mentioned before, if we specify that the group-common HARQ-ACK feedback is only applied to the UEs with PUSCH repetition number larger than a predefined threshold, such issue can be tackled. Then, UE3 will not try to monitor group-common feedback in any of the CSS.
Thus we propose that:

Proposal 6: For a group-common DCI, the HARQ-ACK feedback channel can be divided into several fields each carrying a HARQ-ACK, where each field is applicable to one predefined PUSCH resource.
3 Conclusion
In this contribution, we give our further considerations on the design of HARQ-ACK feedback channel. The observations and proposals are concluded as follows:
Observation 1: Group-common DCI is more efficient in termination of ongoing PUSCH than termination of MPDCCH monitoring.

Observation 2: Group-common DCI is more efficient in the case where the UE number is large and the UL packets are small and sparse.
Proposal 1: Confirm the working asusmption to use two different unused DCI states to indicate: (1) Early termination of ongoing PUSCH (2) Early termination of both ongoing PUSCH and MPDCCH monitoring.
Proposal 2: For UE-specific DCI, for CE mode A, reuse DCI format 6-0A to indicate the HARQ-ACK feedback by

· Setting the resource block assignment field as ‘11…11111’ is the indicator of ‘Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)’

· Setting the resource block assignment field as ‘11…11000’ is the indicator of ‘Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission’

· Setting Flag format 6-0A/format 6-1A differentiation as ‘0’ is the indicator of format 6-0A

· 8 bits from Frequency hopping flag (1-bit), Modulation and coding scheme (3-bits), and HARQ process number (4-bits) are used to indicate the ACK/NACK of 8 different HARQ-ACK processes
· The DCI subframe repetition number field is valid

· The TPC command field is valid for the case of early termination of PUSCH only if the UE is configured with accumulated TPC
· Other fields are reserved (all ‘1’ or all ‘0’).

Proposal 3: For UE-specific DCI, for CE mode B, reuse DCI format 6-0B to indicate the HARQ-ACK feedback by

· Setting the MCS field as ‘1111’ is the indicator of ‘Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)’

· Setting the MCS field as ‘1100’ is the indicator of ‘Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission’

· Setting Flag format 6-0B/format 6-1B differentiation as ‘0’ is the indicator of format 6-0B

· 2 MSB bits in Resource block assignment field are used to indicate the ACK/NACK of 2 different HARQ-ACK processes
· The DCI subframe repetition number field is valid
· Other fields are reserved (all ‘1’ or all ‘0’).

Proposal 4: For UE-specific HARQ-ACK feedback, new USS can be configured to the UE, and the UE monitors feedback DCI in the new USS only when the ratio of PUSCH repetition number to the legacy USS period is smaller than a threshold.
Proposal 5: Support group-common HARQ-ACK feedback only in CE mode B.
Proposal 6: For a group-common DCI, the HARQ-ACK feedback channel can be divided into several fields each carrying a HARQ-ACK, where each field is applicable to one predefined PUSCH resource.
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