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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 #88bis, below agreements are made for supporting multiple starting and ending positions in UL:
· At least one additional UL ending point is introduced
· The ending point is indicated with a UL grant allocating the resources for the subframe
· At least one additional UL starting point is introduced
· FFS: details, including whether the starting point is indicated with an UL grant or not
In this contribution, we provide further views on multiple starting/ending positions for LAA UL.
[bookmark: _Toc458153811]Discussion
In Rel-14 eLAA, 2 bits are included in UL grant to indicate four alternatives of PUSCH starting positions as shown in Table 1. Maximum one symbol can be used by a scheduled UE for the purpose of LBT operation. To support more starting points in Rel-15, one starting point at the second slot, i.e., symbol #7 can be added as shown in Figure 1. Additionally, the existing 2 bits indicating PUSCH starting position in UL grant can be applied to adjust one of the four actual transmission starting positions for each of the supported starting point. Hence, there are in total 8 different starting positions supported for UL.
[bookmark: _Ref477781758]Table 1: PUSCH starting position defined in Rel-14 eLAA
	Value
	PUSCH starting position

	00
	symbol 0

	01
	25µs in symbol 0

	10
	(25+TA) µs in symbol 0

	11
	symbol 1



Regarding the ending position for UL, 1 bit is included in UL grant to indicate whether PUSCH ends on last symbol or the second to last symbol of the subframe in Rel-14. In Rel-15, one additional point can be considered to support partial ending subframe at slot boundary as shown in Figure 1. The TBS for the ending partial subframe should be scaled down. Specifically, the TBS of the partial ending subframe is indexed by MCS and .
[image: ]
[bookmark: _Ref481068357]Figure 1 Multiple starting/ending positions for LAA UL

Propose 1:
· Starting point at slot boundaries can be supported for LAA UL in Rel-15.
· DCI signaling can be applied to adjust to one of four actual transmission starting positions for each of the supported starting points.
· Additional ending point at slot boundary can be supported for LAA UL in Rel-15, and the TBS of the ending partial subframe should be scaled down.

Herein, we discuss two alternatives to support additional UL starting point: autonomous starting point based on LBT, and fixed starting point signalled by UL grant.
Autonomous starting point based on LBT
For autonomous starting point transmission, multiple starting points are configured by eNB, and UE starts UL transmission at one of the starting points based on LBT outcome. Specifically, UE performs LBT and transmits at one of the starting point if LBT succeeds; otherwise, UE waits until the next preconfigured starting point and transmits if LBT succeeds. As discussed in [1], autonomous starting point based on LBT outcome enables flexible and efficient channel access and hence increases the overall system performance. On the other hand, the support of excessive number of starting positions for UL transmission can increase implementation complexity and cost both at UE and eNB, depending on how many starting points are added and how autonomous starting point is supported. We discuss two options to support autonomous starting point assuming two starting points depicted in Figure 1.
TB rate matching
The first option is to rate match the same TB on available REs based on LBT outcome. If the UE cannot grab the channel at the first starting point at subframe boundary, it starts L1 processing and rate matching the same TB based on available REs assuming starting point at symbol #7. The starting partial subframe for UL should be applied only for the first UL subframe in a UL transmission burst. This approach is similar to partial subframe supported for DL in Rel-13 LAA. When transmitting at the second starting point at symbol #7, the resources available is half compared to a full subframe transmission and hence code rate is effectively doubled which may become too high to be useable (above the 0.931 UE decoding threshold or 1). This issue has been identified when defining DL starting partial subframe in Rel-13 and it has been agreed to increase the modulation level for partial subframe as proposed in [2]. For UL, it can simply follow the same approach by adding one new column of MCS entries in the MCS table for initial UL partial subframe. When receiving the UL data, eNB detects the starting of UL transmission with two hypotheses, i.e., around symbol #0 or symbol #7. The complexity at UE and eNB can be limited with two starting points.
Proposal 2:
· TB rate matching can be introduced to support autonomous starting point in UL, in a similar way as DL partial subframe introduced in Rel-14.

TB puncturing
The second option is to puncture the processed TB on available REs based on LBT outcome, i.e., the TB is partially discarded if it cannot be transmitted at subframe boundary. In the example shown in Figure 1, half of the TB shall be discarded if UL transmission starts from second starting point at symbol #7. Inevitably, half of the TB is not decodable at eNB and consequently the CW adjustment of the LBT is affected by the transmission failure of the first subframe with a punctured TB. Hence, if the TB puncturing is considered, 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. For example, eNB can indicate to UE whether it is allowed to transmit an additional slot after the scheduled UL subframe. And if the first subframe is punctured and half of the TB is discarded, UE shall use the additional slot to transmit the discarded TB and then eNB can combine them for decoding. 


Propose 3:
· If TB puncturing is considered, 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.
· If TB puncturing is considered, eNB controlled transmission of the discarded TB should be supported.
Fixed starting point signalled by UL grant
Fixed starting point can be supported by DCI signalling, i.e., eNB signals to UE the starting point in a UL grant. The TBS for the partial subframe should be scaled down. Specifically, if the partial subframe starts at symbol #7, the TBS of the partial subframe is indexed by MCS and . The scaling of TBS should be applied to both single subframe scheduling and multi-subframe scheduling. 
Propose 4:
· If fixed starting point is considered, the TBS of the starting partial subframe should be scaled down.
[bookmark: _Toc458153812]Conclusion
In this paper, we discussed options to support multiple starting/ending positions for scheduled UL transmission and made the following proposals:
Propose 1:
· Starting point at slot boundaries can be supported for LAA UL in Rel-15.
· DCI signaling can be applied to adjust to one of four actual transmission starting positions for each of the supported starting points.
· Additional ending point at slot boundary can be supported for LAA UL in Rel-15, and the TBS of the ending partial subframe should be scaled down.
For autonomous starting point based on LBT, we made the following proposals:
Proposal 2:
· TB rate matching can be introduced to support autonomous starting point in UL, in a similar way as DL partial subframe introduced in Rel-14.
Propose 3:
· If TB puncturing is considered, 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.
· If TB puncturing is considered, eNB controlled transmission of the discarded TB should be supported.
For fixed starting point signalled in UL grant, we made the following proposal:
Propose 4:
· [bookmark: _GoBack]If fixed starting point is considered, the TBS of the starting partial subframe should be scaled down.
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