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[bookmark: _Ref298777854][bookmark: _Toc458153810]Introduction
A work item on enhancements to LTE operation in unlicensed spectrum was agreed in RAN #75 meeting to further enhance the LAA performance in Rel-15. One objective of the work item is to specify the support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. 
In RAN1 #89, it was agreed to support two modes for multiple starting and ending positions in 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 this contribution, we provide our views on remaining open issues in multiple starting/ending points for LAA UL.




[bookmark: _Toc458153811]Discussion
UCI on LAA UL SCell
It was concluded in Rel-14 that
· Enhanced LAA can operate without the introduction of HARQ-ACK transmission on an LAA SCell
It was agreed in Rel-14 that
· An LAA SCell for UL is configured to the UE only if simultaneous PUCCH in licensed spectrum and LAA SCell PUSCH transmission is supported by the UE
· Transmission of aperiodic CSI on an LAA SCell is supported at least for aperiodic CSI for an unlicensed carrier
· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported
· FFS the conditions for aperiodic CSI only on an LAA SCell
· Transmission of periodic CSI on an LAA SCell is not supported within the current scope of the eLAA work item
In summary, only aperiodic CSI can be carried on an LAA UL SCell. 
Note that coded aperiodic CSI symbols are multiplexed with those from the UL-SCH as illustrated in Figure 1
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[bookmark: _Ref488064879]Figure 1 Transport channel processing for LAA UL-SCH
Remaining issues on multiple starting points
Mode 1 (autonomous starting point)
For mode 1, UE may start at subframe boundary or at symbol #7 depending on LBT outcome. When the transmission starts at symbol #7, the first slot of a subframe is punctured and it is more likely to be decoding failure at eNB and consequently the Contention Window (CW) adjustment of the LBT is affected by the transmission failure of the first subframe with a punctured TB. Thus, the punctured subframe should not be considered as a reference subframe for CW adjustment for mode 1. Instead, the subsequent subframe after the punctured subframe is considered as the reference subframe.
Propose 1:
· For Mode 1, the punctured subframe should not be considered as a reference subframe for CW adjustment. Instead, the subsequent subframe after the punctured subframe is considered as the reference subframe. 
In order for eNB to decode the packet, UE can transmit the discarded part of the TB in later subframes. One approach is that UE autonomously transmits it after the end of the scheduled burst. However, this brings problems such as possible collision with other scheduled UEs, missed detection at eNB, etc. Instead, it could be good to have an eNB controlled transmission. Specifically, eNB can indicate with one bit in UL grant to UE whether it is allowed to transmit an additional slot after the scheduled UL subframe. If the bit allows additional transmission at the end, UE shall use the additional slot to transmit the discarded TB if UE does not transmit full first subframe. Then eNB can combine them for decoding which is efficient. If the bit disallows additional transmission at the end, full subframe retransmission will be scheduled by the eNB later.
Propose 2:
· One bit is added in UL grant to indicate to UE whether it is allowed to transmit an additional slot after the scheduled UL subframe.
· If the bit allows additional transmission at the end, UE shall use the additional slot to transmit the discarded TB if UE does not transmit full first subframe.
· If the bit disallows additional transmission at the end, full subframe retransmission will be scheduled by the eNB later.
It was briefly discussed that if a new MCS table should be applied for mode 1 without any conclusion. The argument was that the code rate may be too high when using half subframe to transmit the TBS allocated for the full subframe and a potential solution was to introduce a new MCS table with higher modulation order and lower code rate. In our view, it is not justified to introduce a new MCS table. Firstly, it is under eNB control to select the TBS for a subframe and the excessively high code rate can be avoided with smart eNB scheduling, i.e., a more conservative scheduling for potential partial subframe. Secondly, the new MCS table (if introduced) shall also be applied for the full subframe transmission if LBT succeeds at subframe boundary, which is clearly suboptimal and undesirable.
 Propose 3:
· For Mode 1, it is not desirable to introduce a new MCS table.
One other open issue is related to UCI mapping and if it should be supported. One straightforward option is to adopt the legacy mechanism, i.e., UCI is mapped on PUSCH in the same way as in Rel-14. Another option is to not support UCI on PUSCH for subframes configured with mode 1. However, this option doesn’t have any technical advantage than the first option and can prove to be difficult for the UE implementation. 
Propose 4:
· UCI is mapped on PUSCH in the same way as in Rel-14
One remaining issue for mode 1 is how to indicate to which UL subframes this applies. From our perspective, mode 1 can be RRC configured for a UE and thereafter multiple starting points shall be applied to all the UL subframes until the feature is disabled via another RRC signalling. This is beneficial as maximum flexibility can be achieved and the UE has a better chance to access the channel with finer granularity. Another option is to only apply multiple starting points for the first or some of the scheduled UL subframe(s) in a transmission burst. However, the technical advantage is unclear and it results in signalling overhead and complexity. Additionally, it imposes problem for multi-subframe scheduling.
Propose 5:
· Mode 1 is configured via RRC signalling, and it applies for all UL subframes once it is enabled.
Mode 2 (fixed starting point)
[bookmark: _Hlk488063270]A mode with fixed starting point is also supported, where UL grant explicitly indicates the starting point. The TBS is rate matched into the second slot if transmission starts at symbol #7. The TBS for the starting partial subframe should be scaled down. Specifically, when the partial subframe starts at symbol #7, the TBS of the partial subframe is indexed by MCS and . Note that the number of PRBs is always dividable by two due to interlaced design in UL. The scaling of TBS should be applied to both single subframe scheduling and the first subframe of multi-subframe scheduling. 
Propose 6:
· TBS scaling is done for the starting partial subframe, i.e., the TBS of the partial subframe is indexed by MCS and .
For a mode 2 initial partial UL subframe, the channel interleaver shall take the multiplexed data and control symbols () and writes them into only the 2nd slot (see Figure 2).
Since the TBS is to be scaled properly for mode 2, the MCS provided by the scheduler can be applied to determining the rate matching parameters for the aperiodic CSI based on the same Rel-8 procedures. Note that, given the later transmission starting time for a partial UL subframe, the UE in fact has more time to prepare the coded CSI symbols than for a normal UL subframe. Therefore, UCI (aperiodic CSI) on LAA PUSCH can be supported for starting partial subframe configured with mode 2.
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[bookmark: _Ref488067148]Figure 2 UCI support in mode 2 starting UL partial subframe 
Propose 7:
· UCI (aperiodic CSI) on LAA PUSCH is supported for starting partial subframe configured with mode 2.
· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported
· No change to UCI channel coding procedures
Remaining issues on multiple ending points
Similarly as starting partial subframe, the TBS for the ending partial subframe should be scaled down. Specifically, the TBS of the partial ending subframe is indexed by MCS and  when it ends at symbol #6. For ending partial UL subframe, the channel interleaver shall take the multiplexed data and control symbols () and writes them into only the 1nd slot (see Figure 3).
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Propose 8:
· TBS scaling is done for the ending partial subframe, i.e., the TBS of the partial subframe is indexed by MCS and .
It was discussed if additional ending point, i.e., symbol #3 and #10 should also be supported. From our perspective, it is not justified to support such starting points. For the very small packet such as TCP ACK, it would be good to use licensed cell to ensure fast and reliable transmission. 
Propose 9:
· No additional ending point other than symbol #6 is needed in UL.
[bookmark: _Toc458153812]Since the TBS is to be scaled properly, the MCS provided by the scheduler can be applied to determining the rate matching parameters for the aperiodic CSI based on the same procedures in TS 36.212. Therefore, UCI (aperiodic CSI) on LAA PUSCH can be supported for ending starting partial subframe.
Propose 10:
· UCI (aperiodic CSI) on PUSCH is supported for ending partial subframe.
· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported
· No change to UCI channel coding procedures
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Figure 3 UCI support in ending UL partial subframe 
Conclusion
In this paper, we discussed remaining issues on supporting multiple starting/ending positions LAA UL and made the following proposals:
Propose 1:
· For Mode 1, the punctured subframe should not be considered as a reference subframe for CW adjustment. Instead, the subsequent subframe after the punctured subframe is considered as the reference subframe. 
Propose 2:
· One bit is added in UL grant to indicate to UE whether it is allowed to transmit an additional slot after the scheduled UL subframe.
· If the bit allows additional transmission at the end, UE shall use the additional slot to transmit the discarded TB if UE does not transmit full first subframe.
· If the bit disallows additional transmission at the end, full subframe retransmission will be scheduled by the eNB later.
Propose 3:
· For Mode 1, it is not desirable to introduce a new MCS table.
Propose 4:
· UCI is mapped on PUSCH in the same way as in Rel-14
Propose 5:
· Mode 1 is configured via RRC signalling, and it applies for all UL subframes once it is enabled.
Propose 6:
· TBS scaling is done for the starting partial subframe, i.e., the TBS of the partial subframe is indexed by MCS and .
Propose 7:
· UCI (aperiodic CSI) on LAA PUSCH is supported for starting partial subframe configured with mode 2.
· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported
· No change to UCI channel coding procedures
Propose 8:
· TBS scaling is done for the ending partial subframe, i.e., the TBS of the partial subframe is indexed by MCS and .
Propose 9:
· No additional ending point other than symbol #6 is needed in UL.
Propose 10:
· UCI (aperiodic CSI) on PUSCH is supported for ending partial subframe.
· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported
· No change to UCI channel coding procedures
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