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1. Introduction
In RAN1#89 meeting [1], the following agreements were made regarding the UL case:
Agreements:
· 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
· [bookmark: _GoBack]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

Agreements:
· 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 view on some of the remaining aspects on additional starting and ending positions in LAA UL subframe.
Remaining aspects of multiple starting & ending positions
In RAN1#89bis meeting, it was agreed to introduce at least one additional UL starting position. This could help to improve the limited channel occupancy in eLAA UL which relies on a single initial LBT at the start of the UL subframe; if LBT fails in the 1st OFDM symbol, the whole 1ms subframe is lost. However, UE could continue attempting LBT and, if successful, transmit during a period within the same subframe. With additional LBT taking place within the original subframe scheduled for PUSCH, the chances of utilising the planned subframe will be increased. Therefore, in RAN1#90 meeting, Mode 1 was agreed where a UE may autonomously start transmission depending on the outcome of LBT. On the other hand, Mode 2 relying on UL grant from eNB to indicate starting position was supported to e.g. make use of the gap at initial partial DL subframes and switch from FL to UL more flexibly and in a finer granularity.
Mode 1 aspects
In Rel-14 eLAA, the starting point in an UL subframe is indicated by UL grant out of four possible starting points (i.e. 4 points between symbol #0 and #1). For Mode 1, it is supported that UE can start at a Rel-14 starting position or at symbol #7 based e.g. on the LBT outcome. Thus, if initial LBT fails but further LBT before symbol #7 succeeds, UE will transmit a punctured version of its PUSCH, i.e. only second slot, hoping that the eNB will be able to decode the TB. Generally, it will be difficult to decode a half partial TB unless the MCS used is quite robust [2]. Similarly to DL partial subframe transmission, a new MCS table with increased modulation orders for some of the MCS entries to reduce the code rates from puncturing should be used in case of starting position at symbol #7.
On the other hand, if UE uses such robust MCS all the time for UL subframes, UL performance will deteriorate significantly. To avoid such situation, the UE can have already prepared for a scheduled subframe, together with the normal PUSCH, its punctured version with alternative MCS table used in case initial LBT fails. In addition, alternative UCI mapping could be considered for the punctured PUSCH version. UCI is spread over both slots in Rel-14 PUSCH; instead of having UCI REs punctured, a mapping of UCI only at second slot for the punctured PUSCH version would ensure the robustness of UCI at least. 
Of course, the preparation of two PUSCH versions poses increased complexity and buffering capabilities at UE and shouldn’t be required all the time. eNB can indicate the subframes where Mode 1 applies by configuration, e.g. the subframes where UCI is piggybacked in PUSCH, or explicitly with UL grant DCI for more flexibility. When the UE knows that a SF is indicated as Mode 1, the two PUSCH versions can be prepared and transmitted based on LBT success. eNB could differentiate the exact starting point and MCS used by detecting (or not) the first slot’s DMRS.
Proposal 1: For UL partial subframe transmission starting at symbol #7 with Mode 1, the following could be considered:
· Punctured PUSCH version is generated for an UL SF by UE upon indication, e.g. DCI, by eNB
· Punctured PUSCH version may use: new MCS table and/or UCI mapping at second slot
Furthermore, when normal PUSCH is scheduled with high MCS, it will be not possible to use higher modulation and decrease the resulting high code rate. Unsuccessful decoding at eNB is to be expected in such condition [2] despite the fact the high UL performance is expected for UE. A solution in that case could be for UE to use (when possible, upon indication from eNB) a subsequent transmission without waiting for HARQ-ACK feedback, e.g. after the end of a scheduled UL burst, to send the first punctured slot to eNB. 
Proposal 2: Consider the use of a subsequent transmission before HARQ-ACK feedback for recovering the punctured slot in Mode 1 UL transmission.
Mode 2 aspects
The agreements in RAN1#89bis meeting upgraded the grant-based UL transmission from SF-level in Rel-14 to slot level; introduction of Mode 2 transmission starting at symbol #7 and additional transmission ending in the end of symbol #6 essentially allow the use of rate matching for sending a TB using a (1st or 2nd) slot of a subframe. Therefore, regarding the additional starting points between symbols #7 and #8 we believe that they could be introduced unless the increase (if any) in UL grant signalling is deemed significant. These additional positions were introduced in Rel-14 eLAA between symbol #0 and #1 to accommodate LBT procedure for TDM multiplexing of UL UEs. Since it is now possible for TBs to be scheduled on a slot-level, it could be considered to allow TDM multiplexing of UEs on a slot level.
Proposal 3: For UL partial subframe transmission with Mode 2, additional starting points between symbols #7 and #8 to allow TDM multiplexing of UEs at slot-level are supported.
For UCI mapping, similarly to the case made for Mode 1, an alternative mapping could be considered for the slot-based PUSCH version to at least ensure the robustness of UCI on this shorter transmission.
Further additional starting and ending positions for autonomous UL access 
The support of UL partial subframe transmission starting at symbol #7 with Mode 1 can be regarded as a way for UE to autonomously access the uplink based on LBT result. Channel occupancy can be improved with this addition, however, it will still be limited considering that UE can transmit by performing CCA only twice within the subframe. Significant UL throughput loss as well as delay may still be experienced. Furthermore, considering UCI including ACK/NACK feedback on an LAA SCell as agreed in RAN1#84 [3], additional starting positions will improve the probability of not dropping ACK/NACK when HARQ-ACK through unlicensed carrier is specified (e.g. when DC-based or standalone LAA will eventually need to be standardized). Thus, for better UL channel accessing flexibility, UL performance and even for enabling new use cases, additional starting positions for autonomous UL access should be considered. 
To make the most out of the additional starting positions and LBT checks within the subframe, UE could drop the normal PUSCH upon initial LBT failure and start regenerating a shorter PUSCH version based on the next candidate starting point. However, this practice may require a) high UE processing capability needs in order to quickly prepare the short PUSCH in case e.g. alternative MCS table and UCI mapping is required and b) a-priori indication to the UE of the next candidate starting points, which limits the flexible access of channel within the subframe.
Alternatively, as suggested above for transmission with Mode 1, UE could have already prepared for a scheduled subframe, together with the normal PUSCH, backup short PUSCH version(s). The short PUSCH version(s) can be designed according to the design of normal PUSCH, i.e. with matching DMRS resources, in order to have the same reference for detection of the UE transmission and help in multiplexing short and normal PUSCH versions from different UEs on the same PRBs. When the initial LBT fails, the UE will keep sensing the channel within the subframe in case an additional LBT succeeds. Multiple combinations of starting and ending points to fit the short PUSCH version could be explicitly indicated to the UE (i.e. via UL grant) so as the UE can choose the very next available opportunity to transmit when additional LBT succeeds within the subframe. eNB could schedule the UE with multiple potential (normal and short) PUSCH opportunities within a single subframe as shown in Figure 3. Finally, eNB could differentiate the exact starting point by detecting scrambled UL DMRS and using the knowledge of expected PUSCH version.
[image: ]
Figure 3 – Multiple scheduled transmission opportunities within an UL subframe.
Proposal 4: For flexible autonomous UL access, RAN1 should consider further additional starting and ending positions as well as allowing eNB to schedule UE with multiple transmission opportunities within an UL subframe. 
2. Conclusions 
In this contribution, we provided some thoughts on remaining aspects of additional starting and ending positions in LAA UL subframe. The following proposals were made:
Proposal 1: For UL partial subframe transmission starting at symbol #7 with Mode 1, the following could be considered:
· Punctured PUSCH version is generated for an UL SF by UE upon indication, e.g. DCI, by eNB
· Punctured PUSCH version may use: new MCS table and/or UCI mapping at second slot
Proposal 2: Consider the use of a subsequent transmission before HARQ-ACK feedback for recovering the punctured slot in Mode 1 UL transmission.
Proposal 3: For UL partial subframe transmission with Mode 2, additional starting points between symbols #7 and #8 to allow TDM multiplexing of UEs at slot-level are supported.
Proposal 4: For flexible autonomous UL access, RAN1 should consider further additional starting and ending positions as well as allowing eNB to schedule UE with multiple transmission opportunities within an UL subframe. 
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