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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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 [1]:
	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


Further in RAN1#92bis, the following agreements on feedback function and DCI design were reached, where the working assumption was revised [2]:
	Agreement
The working assumption from RAN1#91 is replaced by the following agreement
· One unused DCI state in each CE mode is used for indicating:
· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring except for the case of acknowledging RRC Connection Release, for which MPDCCH monitoring is terminated)
Agreement
For the UE-specific UL HARQ-ACK feedback, ACK is indicated by DCI format 6-0A and 6-0B for CE mode A and CE mode B, respectively, by setting all fields except the ones below to default fixed value
· ‘Flag for format 6-0A/6-1A differentiation’ in CE mode A and ‘Flag for format 6-0B/6-1B differentiation’ in CE mode B
· ‘DCI subframe repetition number’ field 
· ‘Resource block assignment’ field in DCI format 6-0A and ‘MCS’ field in DCI format 6-0B
· Values; TBD
Note Exact default fixed value is up to specification editor


[bookmark: OLE_LINK189][bookmark: OLE_LINK190]For HARQ-ACK UL feedback, some open issues still need to be tackled. In this contribution, we first give our further considerations on the exact value of indication flag in DCI for early termination of UE-specific HARQ-ACK feedback. Then we discuss the potential introduction of the new search space for UE-specific HARQ-ACK feedback.
Discussion
It was agreed that DCI format 6-0A and 6-0B are reused as the ACK feedback for UL transmission, without indication of HARQ-ACK process number or ACK/NACK. The only remaining issue of DCI design is the exact flag value of ‘Resource block assignment’ field in DCI format 6-0A and ‘MCS’ field in DCI format 6-0B, respectively.
Flag value of ‘Resource block assignment’ field for DCI format 6-0A
Since only one unused state of ‘Resource block assignment’ field is enough for indication, one with a large Hamming Distance to those already used should be chosen, to reduce false detection rate. 

In addition, considering that a unified rule for all system bandwidth and both UE UL bandwidth (i.e. 1.4 MHz and 5 MHz) can keep the specification simple, it is suggested that the   MSB bits of ‘Resource block assignment’ are set to ‘All 1’, and the states of the 5 LSB are chosen from ‘10101’ to ‘11111’. Therefore, the chosen state can be guaranteed as an unused state for any system bandwidth and any UE UL bandwidth. Table 1 shows the average Hamming Distance from ‘10101~11111’ to ‘00000~10100’. 
[bookmark: _Ref512268461]Table 1 Average Hamming Distance from ‘10101~11111’ to ‘00000~10100’
	States of LSB 5 bits
	Average Hamming Distance
	States of LSB 5 bits
	Average Hamming Distance

	10101
	2.1429
	11011
	2.6190

	10110
	2.2381
	11100
	2.6190

	10111
	2.3810
	11101
	2.7619

	11000
	2.3810
	11110
	2.8571

	11001
	2.4762
	11111
	3.0000

	11010
	2.5238
	
	



As can be seen from Table 1, ‘11111’ has the largest average Hamming Distance to ‘00000~10100’. Combined with the ‘All 1’ of the  MSB bits, we propose to use ‘All 1’ as the indication flag in ‘Resource block assignment’ field of DCI format 6-0A.
Proposal 1: For the UE-specific UL HARQ-ACK feedback in CE Mode A, ACK is indicated by DCI format 6-0A where ‘Resource block assignment’ field is set to be ’All 1’.
In addition, the resource allocation field may be extended due to the introduction of sub-PRB allocation. Also, due to the sub-topic of flexible staring PRB, some of the unused resource allocation states may be used. In this case, the above scheme still holds if ‘All 1’ of resource block assignment field remain unused.
Flag value of MCS field for DCI format 6-0B
Similar to the case of CE Mode A, we suggest to choose a state of MCS field that has large Hamming Distance to the already used states.
Table 2 shows the average Hamming Distance from ‘1011~1111’ to ‘0000~1010’.
[bookmark: _Ref512269697]Table 2 Average Hamming Distance from ‘1011~1111’ to ‘0000~1010’
	States of MCS
	Average Hamming Distance
	States of MCS
	Average Hamming Distance

	1011
	1.8182
	1110
	2.1818

	1100
	1.9091
	1111
	2.4545

	1101
	2.0909
	
	


As can be seen from Table 1, ‘1111’ has the largest average Hamming Distance to ‘0000~1010’. 
Proposal 2: For the UE-specific UL HARQ-ACK feedback in CE Mode B, ACK is indicated by DCI format 6-0B where ‘MCS’ field is set to be ’1111’.
Search space for UE-specific HARQ-ACK feedback
Motivation of introducing new search space
To exploit the benefit of early PUSCH termination, new search space (SS) should be introduced. Currently, the period of legacy USS depends on G*rmax, where G and rmax is UE-specifically configured. Meanwhile, the duration of one PUSCH HARQ process depends on the maximum repetition number configured by RRC and the exact repetition level indicated by the DCI. It is possible that G*rmax is larger than or comparable to the PUSCH duration, leading to a situation that no USS can serve for early PUSCH termination, as shown as Case 1 in Figure 1.
[image: ]
[bookmark: _Ref512421787]Figure 1 Introducing new SS for PUSCH termination.
To avoid Case 1, it may argue that a smaller G or rmax can be configured to the UE, which is illustrated as Case 2 in Figure 1. However, configuring a short period of USS will heavily increase the blind detection frequency, which results in higher energy cost of UE and complex PDSCH scheduling for the eNB.
A trade-off is introducing a new USS (likely to be with shorter period compared to G*rmax) for UL HARQ-ACK feedback, but the UE only monitors the new SS when it is transmitting PUSCH, which is shown as Case 3 in Figure 1. In this case, the blind detection complexity will not be dramatically increased due to the new USS.
Note that the new USS does not have to be located in the same NB with the legacy one. To avoid switching between different NBs and potential reduction of accuracy of channel estimation, the eNB can still configure the same NB to both new USS and legacy USS, and this can be up to implementation.
Observation 1: For UE-specific HARQ-ACK feedback, a new USS can benefit the UE by giving eNB more opportunities to send early termination DCIs.
Proposal 3: A new USS is introduced for UL HARQ-ACK feedback.
· The UE monitors the new USS when early termination of PUSCH is configured.
· The UE monitors the new USS only when transmitting PUSCH.
Monitoring MPDCCH in new search space
Even if a new USS is configured to the UE, it may not be necessary for the UE to monitor the new SS in some cases. 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 Case A of Figure 2.
[image: ]
[bookmark: _Ref509906917]Figure 2 Period/presence of the new USS.
As can be concluded from the discussion above, the necessity of monitoring HARQ-ACK feedback in the new USS is related to the PUSCH repetition number and the period of legacy USS. So, whether the UE should monitor the HARQ-ACK feedback in the new USS can depend on the ratio of PUSCH repetition number to the period of legacy USS. Based on the ratio of PUSCH repetition number 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 both the legacy USS and the new USS. Otherwise, the UE should only monitor the DCI in the legacy USS, as shown by Case A and Case B in Figure 2.
The HARQ-ACK feedback can be sent either in the legacy USS or in the new USS. If the new USS overlaps with legacy USS in time domain, the UE is only required to monitor the legacy USS. When the new USS and the legacy USS are partially overlapped in time domain, for the overlapping part, the UE monitors both legacy DCI and HARQ-ACK feedback DCI in the legacy USS. While for the non-overlapping part, the UE only monitors HARQ-ACK feedback DCI in the new USS.
Proposal 4: For the new USS for HARQ-ACK feedback:
· 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.
· UE is not required to monitor the new USS if it is overlapped with the legacy USS in time domain.
Further optimization can be achieved if the new USS is configured with an adaptive period. As illustrated in Case B and Case C of Figure 2, with a smaller ratio of PUSCH repetition number to the legacy USS period, a shorter period of the new USS can bring more feedback occasion and subsequently more timely termination. The configuration way of the new USS can still be quite similar to the legacy USS, where the starting subframe is a subframe satisfying the condition:



where is used to adjust the period of the new USS, and is determined by the ratio of PUSCH repetition number to the legacy USS period:


where v denotes the PUSCH repetition number. The parameter set of thresholds {k0, k1 …} and the parameter set of period ratios {u1, u2 …} are configured by eNB. Therefore, the new USS can balance the blind detection frequency and feedback timeliness, even with the dynamic PUSCH repetition number indicated by the scheduling DCI. 
Proposal 5: For UE-specific HARQ-ACK feedback, the period of the new USS depends on the ratio of PUSCH repetition number to the legacy USS period, where the exact value of the set of thresholds and the set of period ratios can be RRC configured.
[bookmark: _Ref129681832]Conclusion
In this contribution, we give our further considerations on the design of UE-specific HARQ-ACK feedback channel. The proposals are concluded as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For the UE-specific UL HARQ-ACK feedback in CE Mode A, ACK is indicated by DCI format 6-0A where ‘Resource block assignment’ field is set to be ’All 1’.
Proposal 2: For the UE-specific UL HARQ-ACK feedback in CE Mode B, ACK is indicated by DCI format 6-0B where ‘MCS’ field is set to be ’1111’.
Proposal 3: A new USS is introduced for UL HARQ-ACK feedback.
· The UE monitors the new USS when early termination of PUSCH is configured.
· The UE monitors the new USS only when transmitting PUSCH.
Proposal 4: For the new USS for HARQ-ACK feedback:
· 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.
· UE is not required to monitor the new USS if it is overlapped with the legacy USS in time domain.
Proposal 5: For UE-specific HARQ-ACK feedback, the period of the new USS depends on the ratio of PUSCH repetition number to the legacy USS period, where the exact value of the set of thresholds and the set of period ratios can be RRC configured.
Observation 1: For UE-specific HARQ-ACK feedback, a new USS can benefit the UE by giving eNB more opportunities to send early termination DCIs. 
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