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1
Introduction
In the previous meetings, the following agreements were made on the starting and ending partial subframes for UL. 

Agreement:

· UL partial subframe transmission starting at symbol #7 is supported with both following modes  Mode 1 and Mode 2

· Mode 1. The UE may start at a Rel-14 starting point or at symbol #7 depending on e.g. the outcome of LBT

· The TBS is determined as for the full subframe regardless of the starting point (i.e. no TBS scaling)

· FFS: channel access within shared COT

· FFS: how to indicate to which UL subframes this applies

· FFS: UCI mapping, if supported
· Mode 2. The UL grant indicates starting position at number #7

· FFS: additional starting points between symbols #7 and #8 

· The TB(s) is rate matched into the second slot

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported
Agreement:

For Mode 1:

· When transmission starts at symbol #7, the first slot of a subframe is punctured
· FFS: new MCS table and when that would be applicable
Agreement:
· UL partial subframe transmission ending in the end of symbol #6 is supported (in addition to #12 and #13 already supported)
· FFS: #3 and #10 
· The ending position is indicated with the UL grant

· The TB(s) is rate matched into the allocated symbols

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported

· FFS: whether the starting symbols is always #0 or as in Rel-14

· SRS transmission is not supported in these cases

In RAN #90bis, there was an email discussion about various aspects for Mode 1 and Mode 2. In this document, we provide our views on the open items related to this topic. 

2
LBT related issues for Mode 1 partial UL subframes
Question 1: In case the 1st subframe of a UL burst based on Type 1 channel access is Mode 1 partial UL subframe, please provide your preference and reasons on how to determine the reference subframe for CWS adjustment.

· Option 1: skip the 1st subframe, i.e. the partial subframe, and select next SF as the reference subframe

· Option 2: select the 1st subframe, i.e. the partial subframe as the reference subframe

· Option 3: the partial subframe as well as the next subframe are considered for CWS adjustment similar to DL rule

· Option 4: Other solutions (please provide your proposal)

Question 2: If your choice for Q1 is Option 1 or Option 3, how to handle the CWS adjustment for the case where the UL burst contains only this partial UL subframe? Please provide your preference and reasons.

· Option 1: Ignore this mode 1 UL partial subframe for CWS adjustment

· Option 2: Use this UL partial subframe as the reference subframe

· Option 3: Other solutions (please provide your proposal)

Discussion: For the DL, the eNB aggregates all the HARQ-ACK from the first partial subframe and the next subsequent subframe to determine whether to adjust the CW size. However, the DL is distinct from the UL in the following manner

1. The DL transmission is not a punctured version of the full subframe, while for the UL it was agreed that the UL subframe would be a punctured version of the scheduled subframe
2. The eNB transmits more than one DL subframe so that there is at least one full subframe in a TxOP that can be incorporated for computing the CW adjustment, while for UL, the UE may not be scheduled in the next subframe and hence has no transmissions at all in the next subframe. 
To accommodate this distinct behaviour, we propose the following

Proposal 

1. If the UE is scheduled for at least for full UL subframe after the subframe in which it transmits a Mode 1 partial subframe, then we can use either Option 1 or Option 3, with Option 1 being the preferable solution due to the puncturing issue at the UE
2. If the UE is not scheduled for any subsequent subframe, following the UL subframe in which it utilizes Mode 1 partial subframe for transmission, then use only the partial subframe for adjustment. 

Question 3: For a UE which is allowed to apply Mode 1 UL partial subframe, please provide your preference and reasons on the rule of the LBT attempt number/position for a scheduled UL burst within the MCOT acquired by the eNB.

· Option 1: No restriction on LBT attempt number or position, i.e. the UE is allowed to perform Type 2 channel access before any slot of the UL burst if the LBT attempt for the previous slot fails

· Option 2: The UE is only allowed to perform Type 2 channel access before the 2nd slot for the first subframe of the UL burst

· Option 3: The UE is allowed to perform Type 2 channel access before the 2nd slot for each subframe of the UL burst, but the number of LBT attempt(s) should not exceed the number of subframe(s) of the UL burst

· Option 4: Other solutions (please provide your proposal)

Question 4: For a UE which is allowed to apply Mode 1 UL partial subframe, please provide your preference and reasons on the rule of the LBT attempt for a scheduled UL burst outside the MCOT acquired by the eNB.

Option 1: No restriction on LBT attempt number or position, i.e. the UE is allowed to continue Type 1 channel access before any slot of the UL burst if the LBT attempt for the previous slot fails
Option 2: Other solutions (please provide your proposal)

Discussion: Since the UE only contends for the medium within the TxOP acquired by the eNB, it should get priority access using Type 2 channel access procedure even if it contends multiple times in each subframe and there should be no restriction on the number of attempts by the UE. 

We note that this is in general not expected to create any coexistence issues with other technologies including WiFi. 

Proposal

1. The UE is allowed to perform Type 2 channel access before any slot of the UL burst, if the LBT attempt fails for the previous slots within a TxOP
2. If multiple starting positions such as symbol #3 and symbol #10 are introduced for this mode for UE transmission within the TxOP, the UE should be allowed to perform Type 2 channel access procedure before each valid start position.

3 
Signalling aspects for Mode 1 partial UL subframes 

Question 5: Please provide your preference and reasons on how to indicate whether Mode 1 is allowed for UL subframe(s) (under the LBT attempt rule mentioned in Q3 and Q4)?

· Option 1: UL grant for dynamically indicating whether Mode 1 is allowed for scheduled subframes

· Option 2: RRC signaling for enabling/disabling Mode 1 for all UL subframes

· Option 3: Other solutions (please provide your proposal)

Question 6: If your choice for Q1 is option 1, please provide your preference on the bit field design in UL grant for Mode 1 indication.

Option 1: add new bit(s) in UL grant for indication
Option 2: 2 bits joint encoding for indicating states of R14 operation, Mode 1, Mode 2, and ending partial

Option 3: Other solutions (please provide your proposal)

Question 7: If a UL grant schedules a UL burst by multiple-subframe scheduling operation, which subframe(s) should Mode 1 be applied (under the LBT attempt rule mentioned in Q3 and Q4)? Please provide your preference and reasons.

Option 1: Mode 1 is applied only for the 1st subframe of the UL burst
Option 2: Mode 1 is applied for all subframes of the UL burst

Option 3: Other solutions (please provide your proposal)

Discussion: We believe that Mode 1 should only be allowed semi-statically (RRC configured) as there is no strong benefit to be had by dynamically signalling whether the UE can use Mode 1 or not. The argument that this helps MCS selection and link adaptation is not very strong and having a dynamic signalling of this Mode creates implementation complexity at the UE. 

As the motivation to allow partial subframes based on Mode 1 is to improve the channel utilization and UL throughput, the UL Mode 1 should be applicable to all the subframe of a multi-TTI grant. Note that once the UE obtains the channel, it would transmit contiguously.

Proposal

1. Use of Mode 1 is configured to the UE by RRC signalling
2. Mode 1 is applied to all subframe of a multi-TTI grant if the UE fails LBT in all previous instances for this grant.
4
MCS table for Mode 1 partial subframes

Question 8: If Mode 1 partial UL subframe is allowed for a subframe, do you support that new MCS table (shown in Appendix of [3]) can be applied for that subframe? Please provide the detailed design if you support introducing new MCS table and provide the reasons if you do not support introducing new MCS table.

Discussion: It has already been agreed that the partial subframe to be used for Mode 1 is generated by the UE by puncturing the first half of the subframe. Our expectation is that the eNB would schedule assuming that the LBT clears at the start of the subframe. If for some subframe, the LBT clears in the second slot, then the chances of decoding failure at the eNB are very high and the eNB will ask for a re-transmission and will perform LLR combining with the partial subframe outputs. Changing the MCS might slightly lower the chance of decoding failure in a very small number of cases but it is not sufficient to positively consider changing the MCS in this scenario. 

Proposal

1. New MCS table is not introduced for Mode 1 partial subframe.
5 
Open items for Mode 2 partial subframes

Question 9: Please provide your preference and reasons on the TBS calculation for Mode 2 partial UL subframe. 

Option 1: The TBS of the partial subframe is indexed by MCS and scaled by the factor of 0.5
Option 2: The TBS of the partial subframe is indexed by MCS and scaled by other factors

Option 3: Other solutions (please provide your proposal)

Question 10: Please provide your views on the candidate starting points of Mode 2 partial UL subframe.

Proposal

1. TBS of the Mode 2 partial subframe is indexed by MCS and scaled by a factor of 0.5

2. The 4 starting points in the first symbol (as in Rel-14 LAA) are also supported for Mode 2
6 
UCI mapping

Question 11: Please provide your preference and reasons on the UCI mapping rule for Mode 1 partial UL subframes. 

Option 1: UCI is rate-matched firstly on the second slot of the subframe applied with Mode 1
Option 1a: UCI is rate-matched on the second slot of the subframe applied with Mode 1
Option 2: UCI is mapped on PUSCH with legacy R14 rule for transmission with Mode 1

Option 3: Other solutions (please provide your proposal)

Proposal

1. UCI is always rate matched only on the last slot of the subframe, when Mode is enabled by RRC signalling.

Question 12: Please provide your preference and reasons on the UCI mapping rule for Mode 2 partial UL subframes. 

Option 1: UCI is rate-matched within the 2nd slot of the Mode 2 partial UL subframe
Option 2: Do not support UCI mapping on the Mode 2 partial UL subframe

Option 3: Other solutions (please provide your proposal)

Proposal

1. UCI is always rate matched only on the last slot of the subframe, when Mode is enabled by RRC signalling.
2. For Mode 2, UCI is again rate matched onto the second slot. 
7
Ending UL partial subframes

Question 13: Please provide your preference and reasons on the additional ending positions of UL subframes. 

Option 1: No additional ending positions are introduced except symbol #6, #12, and #13
Option 2: Introduce additional symbols except symbol #6, #12, and #13 (please provide your proposed ending points)

Option 3: Other solutions (please provide your proposal)

Question 14: Please provide your preference and reasons on the TBS scaling for ending partial subframe. 

Option 1: The TBS of the ending partial subframe is indexed by MCS and scaled by the factor of 0.5
Option 2: The TBS of the ending partial subframe is indexed by MCS and scaled by a factor that is related with the number of transmitted symbols

Option 3: Other solutions (please provide your proposal)

Question 15: Please provide your preference and reasons on the UCI mapping rule for the ending partial UL subframes. 

Option 1: UCI is rate-matched within the 1st slot of the ending partial subframe
Option 2: Do not support UCI mapping on the ending partial subframe

Option 3: Other solutions (please provide your proposal)

Discussion: Since the ending partial UL subframes are fully scheduled by the eNB, there should not additional complexity increase at the UE to support additional ending partial subframes. The UE can support #3 and #10 as additional positions for the end partial subframe. Note that MU-MIMO or Rank 2 transmission cannot be supported if there is only one DMRS symbol in the subframe.

The TBS scaling can be proportional to the number of symbols which carry PUSCH in that subframe. For UCI mapping, UCI is not supported if the end partial subframe is less than one slot and is mapped to the first slot if the end partial subframe is longer than one slot. 
Proposal

1. UE supports additional end points #3 and #10 for the end partial subframe.

2. MU-MIMO or rank 2 transmissions cannot be supported if there is only one DMRS symbol in the subframe.

3. The TBS scaling can be proportional to the number of symbols which carry PUSCH in that subframe.

4. UCI is not supported if the end partial subframe is less than one slot and is mapped to the first slot if the end partial subframe is longer than one slot. 

8 
Conclusions
Proposal 

1. If the UE is scheduled for at least for full UL subframe after the subframe in which it transmits a Mode 1 partial subframe, then we can use either Option 1 or Option 3, with Option 1 being the preferable solution due to the puncturing issue at the UE

2. If the UE is not scheduled for any subsequent subframe, following the UL subframe in which it utilizes Mode 1 partial subframe for transmission, then use only the partial subframe for adjustment. 
3. The UE is allowed to perform Type 2 channel access before any slot of the UL burst, if the LBT attempt fails for the previous slots within a TxOP
4. If multiple starting positions such as symbol #3 and symbol #10 are introduced for this mode for UE transmission within the TxOP, the UE should be allowed to perform Type 2 channel access procedure before each valid start position.

5. Use of Mode 1 is configured to the UE by RRC signalling
6. Mode 1 is applied to all subframe of a multi-TTI grant if the UE fails LBT in all previous instances for this grant.

7. TBS of the Mode 2 partial subframe is indexed by MCS and scaled by a factor of 0.5

8. The 4 starting points in the first symbol (as in Rel-14 LAA) are also supported for Mode 2
9. UCI is always rate matched only on the last slot of the subframe, when Mode is enabled by RRC signalling.

10. UCI is always rate matched only on the last slot of the subframe, when Mode is enabled by RRC signalling.
11. For Mode 2, UCI is again rate matched onto the second slot. 
12. UE supports additional end points #3 and #10 for the end partial subframe.

13. MU-MIMO or rank 2 transmissions cannot be supported if there is only one DMRS symbol in the subframe.

14. The TBS scaling can be proportional to the number of symbols which carry PUSCH in that subframe.

15. UCI is not supported if the end partial subframe is less than one slot and is mapped to the first slot if the end partial subframe is longer than one slot. 
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