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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#104-e we made the conclusion:
Conclusion: Continue evaluation of new reporting Case 1 and Case 2 for the schemes identified in Appendix B of R1-2102131 [1]. 

The enhancements to reporting in Case 1 and Case 2 are based on:
· Case 1: Reporting based on channel/interference measurements
· Case 2: Reporting based on PDSCH decoding targeting improvements to OLLA

We discuss some considerations in new reporting for Case 2. 
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2. Discussions
An Outer Loop Link Adaption (OLLA) typically uses the HARQ-ACKs as a means for determining the MCS for its PDCH scheduling targeting a specific BLER.  The targeted BLER for eMBB is 10% and therefore, the OLLA needs 10 HARQ-ACK reports to determine a suitable MCS for the UE.  For example, a NACK may lead to a drop in MCS, in which case it would take 9 continuous ACKs for the OLLA to recover or raise the MCS so that it maintains the 10% BLER target.  The BLER target for URLLC is 10-5 or 10-6, which means the OLLA requires 100,000 or 1 million HARQ-ACK reports to determine an MCS for the UE.  Hence, the legacy reporting for OLLA is not suitable for URLLC with very low BLER targets.
Observation 1: Legacy reporting of ACK/NACK based on PDSCH decoding is not suitable for OLLA with ultra low BLER target such as 10-5 and 10-6 in URLLC.

In eMBB, a drop in MCS due to a single NACK would require 9 ACKs to recover.  In contrast, for URLLC, a drop in MCS due to a single NACK may require 99,999 ACKs or 999,999 ACKs to recover.  If the NACK is intermittent due to spikes in interference rather than radio conditions, then the reduction in MCS due to the spikes in interference may not be necessary and would lead to poor resource utilization.  Although a NACK may be rare in URLLC, if the NACK is caused by an interference spike, it would take a very long time for the OLLA to recover the unnecessary drop in MCS.  Hence, a new reporting scheme based on PDSCH decoding is required to handle OLLA with extremely low BLER.

Observation 2: Although a NACK may be rare in URLLC, a drop in MCS from a NACK due to an interference spike would take a very long time for the OLLA to recover, e.g. for BLER target of 10-5 and 10-6, this would take 99,999 ACKs and 999,999 ACKs respectively.
Observation 3: New reporting scheme based on PDSCH decoding is required to handle OLLA with extremely low BLER.

One method is to use Soft HARQ-ACK where the UE reports 2 levels of Soft-ACK and 2 levels of Soft-NACK [2] using 2 bits i.e.:
· High ACK
· Marginal ACK
· NACK due to radio propagation
· NACK due to strong interference spike

The Soft ACK reporting, i.e. High ACK and Marginal ACK can be obtained by respectively attempting to decode the PDSCH with partial resource, i.e. at a higher code rate, and using the entire scheduled resource, i.e. at scheduled code rate.  If the UE can decode the PDSCH using partial resource it means that it is a High ACK otherwise it is a Marginal ACK..  The Soft NACK reporting can be obtained by calculating the difference in the interference & noise of the PDSCH against the long term interference & noise to see if it is above a threshold.  If the difference is above the threshold the UE reports a NACK due to a strong interference spike otherwise the UE reports a NACK due to radio propagation.  This provides finer control for the OLLA, for example, if the NACK is caused by an interference spike then the OLLA does not need to be too pessimistic in reducing its MCS or if the MCS is reduced, it requires less number of ACKs to recover.  Similarly, for ACKs, the OLLA does not need to increase the MCS too optimistically if the ACK is marginal. Alternatively, the OLLA can be driven by the high ACKs with the goal of achieving a lower “high ACK BLER” than the final BLER (for example, operating OLLA with a goal of achieving a 1% high ACK BLER may yield an overall BLER of less than 10-5 once the marginal ACKs are also counted).
[bookmark: _GoBack]Proposal 1: Introduce Soft ACK and Soft NACK feedbacks, where 2 bits can be used to indicate:
· High ACK
· Marginal ACK
· NACK due to radio propagation
· NACK due to strong spike in interference

Proposal 2: For Soft ACK, the UE can attempt to decode the PDSCH using partial resources (at a higher code rate than the scheduled code rate) and then decode the PDSCH using the full scheduled resource (at the scheduled code rate).  If the UE decodes the PDSCH using partial resource then it is a High ACK otherwise it is a Marginal ACK.
Proposal 3: Soft NACK is based on the difference between the interference & noise experienced by the PDSCH with a long term interference & noise.  If this difference is above a threshold, the UE reports a NACK based on interference spike, otherwise the UE reports a NACK based on radio propagation.

3. Conclusion
In this contribution, we discuss using Soft HARQ-ACK to improve OLLA.  We observe the following: 
Observation 1: Legacy reporting of ACK/NACK based on PDSCH decoding is not suitable for OLLA with ultra low BLER target such as 10-5 and 10-6 in URLLC.
Observation 2: Although a NACK may be rare in URLLC, a drop in MCS from a NACK due to an interference spike would take a very long time for the OLLA to recover, e.g. for BLER target of 10-5 and 10-6, this would take 99,999 ACKs and 999,999 ACKs respectively.
Observation 3: New reporting scheme based on PDSCH decoding is required to handle OLLA with extremely low BLER.

We therefore propose the following:
Proposal 1: Introduce Soft ACK and Soft NACK feedbacks, where 2 bits can be used to indicate:
· High ACK
· Marginal ACK
· NACK due to radio propagation
· NACK due to strong spike in interference

Proposal 2: For Soft ACK, the UE can attempt to decode the PDSCH using partial resources (at a higher code rate than the scheduled code rate) and then decode the PDSCH using the full scheduled resource (at the scheduled code rate).  If the UE decodes the PDSCH using partial resource then it is a High ACK otherwise it is a Marginal ACK.
Proposal 3: Soft NACK is based on the difference between the interference & noise experienced by the PDSCH with a long term interference & noise.  If this difference is above a threshold, the UE reports a NACK based on interference spike, otherwise the UE reports a NACK based on radio propagation.
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