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1 Remaining Issues

In RAN1 #90, #90bis, #91, #92 and #92bis meeting, the following agreements and working assumptions were achieved for UL HARQ-ACK feedback.

	RAN1 #90 

Agreement
· Explicit HARQ-ACK feedback is supported for the following purpose(s):

· Early termination of MPDCCH monitoring before going to sleep (details up to RAN2)

· FFS: Early termination of PUSCH transmission at least in FD-FDD and TDD

· The introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts.

	RAN1 #90bis 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

· 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

	RAN1 #91

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).

	RAN1 #92
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.

·  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

	RAN1 #92bis

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)

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


There have the following remaining issues for UL HARQ-ACK feedback. 
· Issue #1: Values of unused state in each CE mode for explicit HARQ-ACK feedback

· Issue #2: Capability and configuration of UL HARQ-ACK feedback  
· Issue #3: HARQ-ACK monitoring occasions for explicit UL HARQ-ACK feedback 
· Issue #4: Whether to support explicit HARQ-ACK feedback for multiple UEs (UE-group UL HARQ-ACK feedback)
· Issue #5: Early Msg3 termination during EDT(early data transmission) procedure 

2 Issues and Proposals

2.1 Issue #1 - Values of unused state in each CE mode for explicit HARQ-ACK feedback

· Issue #1.1: value of unused state in ‘Resource block assignment’ field in DCI format 6-0A for explicit HARQ-ACK feedback indication
Proposal from Huawei, HiSilicon [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 from ZTE [3]:

For the UE-specific UL explicit HARQ-ACK feedback in CE mode A, ‘resource block assignment’ field in DCI format 6-0A is set to all ‘1’s. 
Recommended Proposal: 

For the UE-specific UL explicit 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’s.

· Issue #1.2: value of unused state in ‘MCS’ field in DCI format 6-0B for explicit HARQ-ACK feedback indication
 Proposal from Huawei, HiSilicon [1]:

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 from ZTE [3]:

For the UE-specific UL explicit HARQ-ACK feedback in CE mode B, ‘MCS’ field in DCI format 6-0B is set to ‘1111’. 

Recommended Proposal: 

For the UE-specific UL explicit HARQ-ACK feedback in CE Mode B, ACK is indicated by DCI format 6-0B where ‘MCS’ field is set to be ’1111’.

2.2 Issue #2 - Capability and configuration of UL HARQ-ACK feedback

Proposals from Nokia, NSB [2]:

UE indicates the capability if the explicit UL HARQ-ACK feedback is supported.
Proposal from ZTE [3]: 
Early termination of PUSCH transmission, and monitoring of explicit HARQ-ACK feedback and UL grant during PUSCH transmission is bundle into a single UE capability. 

For a BL/CE UE with EDT capability, early PUSCH termination is a mandatory UE capability; for a BL/CE UE without EDT capability, early PUSCH termination is an optional UE capability.

Early termination of PUSCH transmission is configured semi-statically via higher layer.

Observation: 
This issue has already been handled in RRC parameter email discussion.

Issue #3: UL HARQ-ACK monitoring occasions for explicit UL HARQ-ACK feedback 
Proposal from Huawei, HiSilicon [1]:
Observation: For UE-specific HARQ-ACK feedback, a new USS can benefit the UE by giving eNB more opportunities to send early termination DCIs.
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.

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.

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.

Proposal from Nokia, NSB [2]:

No new HARQ-ACK monitoring occasions are introduced.

Proposal from ZTE [3]:

Observation: When there is no monitoring opportunity available for transmitting HARQ-ACK feedback during transmission of PUSCH repetitions, early PUSCH termination cannot be applied.

When large G is configured for MPDCCH, the corresponding interval of monitoring opportunities would also be relatively large and the possibility of no available monitoring opportunity issue may be high.
For early termination of PUSCH repetitions, possible no available monitoring opportunity issue should be resolved in future release.
Proposal from NTT DOCOMO [5]:

Define specific pattern for HARQ-ACK monitoring occasions to achieve the balance between resource utilization and UE power consumption
Proposal from Sony [6]:

The MPDCCH candidates overlapping the PUSCH transmission, excluding those within TSTART from the beginning of the PUSCH transmission and TEND from the end of the PUSCH transmission, are used for monitoring of an ERT indicator.
If there is no MPDCCH candidate overlapping the time window between TSTART from beginning of PUSCH transmission and TEND from end of the PUSCH transmission, then the UE does not need to monitor for ERT during this PUSCH transmission.
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Observation:
For some MPDCCH configurations, the issue of no available monitoring opportunity for HARQ-ACK feedback transmission cannot be avoided.
· Early PUSCH termination cannot be applied if there is no monitoring opportunity available for HARQ-ACK feedback transmission.

Recommended Proposal: 
For UL HARQ-ACK feedback, further study is needed in future release to resolve possible no available monitoring opportunity issue.
2.3 Issue #4 - Whether to support explicit HARQ-ACK feedback for multiple UEs
Proposal from Nokia, NSB [2]

Explicit HARQ-ACK feedback for multiple UEs carried in a single DCI can be considered in future release.
Proposal from NTT DOCOMO [5]
Explicit HARQ-ACK feedback for multiple UEs in a DCI should be supported to reduce the resource consumption
Proposal from Sony [6]

The explicit UL HARQ-ACK feedback is carried only by a UE specific DCI.

Recommended Proposal: 

Explicit HARQ-ACK feedback for multiple UEs carried in a single DCI is not further considered in Rel-15.

2.4 Issue #5: Early Msg3 termination during EDT (Early data transmission) procedure 
Proposal from Nokia, NSB. [2]

Early Msg3 termination during EDT procedure is not supported.
  To terminate the Msg3 transmission earlier, additional requirements are needed from UE side and eNB side.

· UE is required to monitor the MPDCCH during the Msg3 transmission, and UE would assume the feature UL HARQ-ACK feedback is enabled always. 

· eNB support both features, and UL HARQ-ACK feedback is always enabled for early data transmission UE.

· PDCCH with UL HARQ-ACK feedback can’t be transmitted as no C-RNTI is available for the UE.
Proposal from ZTE, Sanechips [3]:

Early termination of Msg3 repetitions during EDT procedure should be supported. 

· MPDCCH for Msg4 scheduling is monitored by the UE during Msg3 transmission.
Benefits: Unnecessary UL resource waste and UE’s power consumption can be avoided.

Recommended Proposal:  

   Make decision on whether early termination of Msg3 repetitions can be supported during EDT procedure.

2.5 Other proposals
Proposal from LG [4]
Update the agreement from the RAN1#92bis meeting as follows to be compliant with the relevant agreement from RAN2
· 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 and the case when drx-ULRetransmissionTimer is running, for which MPDCCH monitoring is terminated)
Recommended Proposal:  

 Online clarification
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