3GPP TSG RAN WG1 Meeting #92bis
      R1-1805311
Sanya, China, April 16th – 20th, 2018

Agenda Item:     6.2.6.4

Source:              ZTE, Sanechips

Title:                   Summary of Uplink HARQ-ACK Feedback for MTC                    
Document for:   Discussion

1 Remaining Issues

In RAN1 #90, #90bis, #91and #92 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


There have the following remaining issues for UL HARQ-ACK feedback. 
· Issue #1: Whether using two states for different feedback purpose

· Issue #2: DCI details for explicit 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: Capability and configuration of UL HARQ-ACK feedback  
· Issue #6: Early Msg3 termination during EDT(early data transmission) procedure 

2 Issues and Proposals

2.1 Issue #1: Whether using two states for different feedback purpose?

· Alt 1: Use two different states for these two different feedback purpose, and Confirm the WA in RAN1 #91
· 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)

· Supported by Huawei, HiSilicon [1], Ericsson [2], ZTE, Sanechips [3], Nokia, NSN [5], 

Reason from Huawei [1]: 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.

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. .

· Alt 2: Revisit the working assumption/ Confirm the working assumption with changes
· Supported by Sony [8], Intel [9], Qualcomm [10]

Sony [8]: 

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 (with and without early termination of MPDCCH monitoring) 

Because the early termination of MPDCCH monitoring is basically a HARQ acknowledgement to the PUSCH transmission carrying the RRCConnectionRelease message, which effectively is an explicit HARQ-ACK for a PUSCH.

Intel [9]:

Revisit the working assumption about the DCI design for HARQ-ACK indication.
· Adopt one unused DCI state for both the early termination of MPDCCH monitoring before RRC release and for the early termination of on-going PUSCH transmission in each CE mode.

Qualcomm [10]: 
Confirm the working assumption from RAN1#91 with the following changes:
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)

Recommended Proposal:

Make decision on the two alternatives: 

· Alt 1: Confirm the working assumption in RAN1 #91:

· 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)

· Alt 2: Confirm the working assumption from RAN1#91 with the following changes:

· 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)

Other Proposal from Nokia, NSN [5]:

Revoke the following 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)
Recommended Proposal:

Online discussion on whether to revoke the following 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)
2.2 Issue #2 - DCI details for explicit HARQ-ACK feedback
· Issue #2.1: If other fields are set to predetermined values?
Proposal from Huawei, HiSilicon [1]:

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

· 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’).

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

· 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 from ZTE, Sanechips [3]:

When DCI format 6-0A is used to indicate explicit HARQ-ACK feedback for a single UE, remaining fields except “resource assignment” field are set to pre-determined values. 

When DCI format 6-0B is used to indicate explicit HARQ-ACK feedback for a single UE, remaining fields except “MCS” field are set to pre-determined values. 
Proposal from Lenovo, Motorola [4]:

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.
Proposal from Intel [9]:

The UE-specific UL HARQ-ACK feedback carries only 1 bit information, corresponding to the HARQ-ACK feedback of the latest PUSCH transmission.
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
· 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 to ‘0’.

· Resource block assignment field in DCI format 6-0A and MCS field in DCI format 6-0B to all ‘1’s.

· The DCI fields other than the above ones to default values as validation bits to improve the reliability of HARQ-ACK feedback.

Recommended Proposal: 

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
· ‘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’ filed

· ‘Resource block assignment’ field in DCI format 6-0A and ‘MCS’ field in DCI format 6-0B

· The DCI fields other than the above ones to default values as validation bits to improve the reliability of HARQ-ACK feedback.
· Issue #2.2: Details on what unused DCI states to use?
Proposal from Huawei, HiSilicon [1]:

 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’

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’

Proposal from Ericsson [2]:

Leave the decision of what unused DCI values to use for this signal open until other WI objectives have progressed a bit further.

Proposal from Lenovo, Motorola [4]:

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.

‘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.

 ‘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 from Intel [9]:

 Resource block assignment field in DCI format 6-0A and MCS field in DCI format 6-0B are set to all ‘1’s.

Recommended Proposal: 

Leave the decision of what unused DCI values to use for this signal open until RAN1 #93 meeting.

2.3 Issue #3: UL HARQ-ACK monitoring occasions for explicit UL HARQ-ACK feedback 
Proposal from Huawei, HiSilicon [1]:
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 from ZTE [3]:

During transmission of PUSCH repetitions, when there is no monitoring opportunity available for transmitting HARQ-ACK feedback and the assigned number of PUSCH repetitions N is larger than threshold value X, at least one new monitoring opportunity for HARQ-ACK feedback monitoring is introduced.

Proposal from Sony [8]:

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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Proposal from NTT DOCOMO [11]:

Define specific pattern for HARQ-ACK monitoring occasions to achieve the balance between resource utilization and UE power consumption   {R/4, R/2, 3R/4, R}
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Proposal from LG [7]:
 Even when monitoring occasions are configured for an early HARQ-feedback of ongoing PUSCH transmissions, UE can be allowed to ignore parts of or the entire monitoring occasions under the following conditions.

· when the scheduled repetition number of PUSCH is smaller than a certain repetition number, and the value is FFS  

· until UE transmits PUSCH as many as X repetitions, and X is derived by a certain ratio and the scheduled repetition number of the corresponding PUSCH

· FFS on how to configure the value of repetition number and the value of ratio

UE can expect an early HARQ-feedback for the early termination of MPDCCH monitoring, even after UE completed a scheduled PUSCH transmission under the following condition(s)

· The transmitted PUSCH is used to acknowledge the receipt of the RRCConnectionRelease message

· Other conditions can be considered if RAN2 finds any

Proposal from Ericsson by email:

The UL HARQ-ACK monitoring occasions should simply be the legacy USS.
Recommended Proposals: 

· During PUSCH transmission with number of repetitions larger than X, for a UE configured with early PUSCH termination,
· The UE will monitor at least one monitoring occasion for UL HARQ-ACK feedback.

· At the very beginning of PUSCH transmission, the UE does not expect a monitoring occasion dedicated for UL HARQ-ACK feedback except for USS configured for legacy UL/DL grant. FFS the range of the very beginning of PUSCH transmission.
· FFS the value of number of repetitions X
· A UE does not expect a monitoring occasion for UL HARQ-feedback feedback after the UE completes a scheduled PUSCH transmission except that the transmitted PUSCH is used to acknowledge the receipt of the RRCConnectionRelease message.
2.4 Issue #4 - Whether to support explicit HARQ-ACK feedback for multiple UEs
· Alt 1: Not support explicit HARQ-ACK feedback for multiple UEs in Rel-15

· Supported by Ericsson [2], ZTE, Sanechips [3], Sony [8], Intel [9], Qualcomm [10]
Ericsson [2]: Explicit HARQ-ACK feedback for multiple UEs carried in a single DCI is not considered further in Rel-15. New or modified MPDCCH search spaces are not considered further in Rel-15.

Reason: New DCI definitions as well as (in CE mode B) a new common MPDCCH search space definition would be required. The impacts would be substantially larger than the impacts from the already agreed explicit HARQ-ACK feedback for a single UE.

Different BL/CE UEs may be scheduled at different points in time, with different numbers of repetitions, in different narrowbands. Therefore, the potential synergies from supporting explicit HARQ-ACK feedback for multiple UEs carried in a single DCI may be very limited.

ZTE [3]: Explicit HARQ-ACK feedback for multiple UEs is not supported.
Sony [8]: The explicit UL HARQ-ACK feedback is carried only by a UE specific DCI.
Multiplexing UL HARQ-ACK feedbacks for multiple UEs in a single common DCI is not efficient and may increase scheduler complexity.

Intel [9]: The explicit UL HARQ-ACK feedback for multiple UEs is not supported.
The UL HARQ-ACK feedback for multiple UEs leads to the following impacts and should be considered carefully: 
· Limitations on the scheduling flexibility due to: 

· The scheduling of UEs in the same group should be aligned.

· The UEs in the same group should be in similar coverage.

· UEs need to monitor the new CSS on the same NB, which makes termination based on new UL grant very challenging. 

· CSS needs to be introduced for CE mode B.

· Impair on the achievable power saving gain, as the ACK feedback may be delayed due to the on-going PUSCH transmissions of other UEs in the same group. 

Qualcomm [10]: Do not support “group DCI” for early HARQ-ACK feedback.
Introducing this mechanism would involve quite a lot of specification impact (e.g. definition of new DCI, definition of new RNTI, additional blind decodings, definition of CSS in Mode B) for very doubtful gains.
· Alt 2: Support explicit HARQ-ACK feedback for multiple UEs 
·    Supported by Huawei, HiSilicon [1], Lenovo, Motorola [4], Samsung [6], NTT DOCOMO [11]: 

Huawei, HiSilicon [1]: 

Support group-common HARQ-ACK feedback only in CE mode B.  
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.
Lenovo, Motorola [4]:

Introduce new MPCCH common search space for UL HARQ-ACK feedback, especially for CE mode B.

Introduce new common DCI for multiple UE multiplexing carrying multiple HARQ processes HARQ-ACK feedback.

Samsung [6]: Support explicit HARQ-ACK feedback for multiple UEs carried in one group common DCI.  

Early termination mechanism introduces significantly DL resource overhead, especially for sub-PRB resource allocation of PUSCH (up to 600% overhead).

Group-DCI for early termination can reduce MPDCCH overhead efficiently compared with single-DCI.
Resource-based group DCI is used to carry early termination signal for PUSCH transmissions on a group of resource units. 
A new group-common search space is introduced in order to transmit group-DCI carrying HARQ-ACK feedback for multiple UEs. 
NTT DOCOMO [11]: Explicit HARQ-ACK feedback for multiple UEs in a DCI should be supported to reduce the resource consumption.   
Considering the signaling overhead and resource consumption reduction, group-based HARQ-ACK feedback to multiple UEs in a DCI should be supported by MPDCCH.

A new group-based common DCI format including multiple HARQ-ACK feedback fields should be defined to support the group-based HARQ-ACK feedback.

New group-based RNTI can be defined to identify this new common DCI format. 

Recommended Proposal: 

Make decision on whether explicit HARQ-ACK feedback for multiple UEs carried in a single DCI is considered further in Rel-15
2.5 Issue #5 - Capability and configuration of UL HARQ-ACK feedback

Proposals from Ericsson [2]:

From RAN1 point of view, the two sub-features (explicit HARQ-ACK feedback and early PUSCH termination) can either be separate or bundled into a single UE capability.

Proposal from ZTE, Sanechips [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.

Proposal from Intel [9]:

It is UE capability to support the explicit UL HARQ-ACK feedback for efeMTC.

The explicit HARQ-ACK feedback is configured semi-statically via higher layer signalling, depending on UE capability. 

Recommended proposal: 
Explicit HARQ-ACK feedback and early PUSCH termination can be bundled into a single UE capability which is semi-statically configured via higher layer signalling.
2.6 Issue #6: Early Msg3 termination during EDT (Early data transmission) procedure 
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:  

     Online discussion on whether early termination of Msg3 repetitions can be considered during EDT procedure.
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