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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 this contribution, we provide our views on remaining open issues in multiple starting/ending points for LAA UL.
[bookmark: _Toc458153811]Discussion
Remaining issues on UL multiple starting points
Mode 1 (autonomous starting point)
MCS table 
It was discussed in RAN1#90bis and  RAN1#91 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, due to the following: 
· The UE map the coded bits to physical resources in the time domain first. Therefore, puncturing half of the subframe will result in losing almost half of the systematic bits.  Even if the modulation rate is increased, high percentage of the systematic bits is still lost. The systematic bits are more important than the parity bits and puncturing them causes significant degradation loss. Nevertheless, if the coding rate is reduced to below 1/3, the systematic bits will appear again in the transmission (if the reading from the circular buffer reach the end of the buffer and still more bits are needed, the reading of bits then resumes from the beginning of the buffer). However, according to table 1, very few indices fulfil the condition (r<1/3) even with the modified MCS table. 
· 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. 
· if mode 1 is activated for multiple consecutive subframes, the new MCS table (if introduced) shall also be applied for the full subframe transmissions, which is clearly suboptimal and undesirable.
· Given that each node is required to perform LBT before transmission, the SINR is expected to be high for unlicensed transmissions, unless in case of hidden node problem. Accordingly, high MCS indices will be used most of the time. Since those MCS indices already use highest modulation order, introducing a new MCS table will not help. 
 Propose 1:
· [bookmark: _Hlk498419386]For Mode 1, it is not desirable to introduce a new MCS table.
Signaling for Mode 1 partial UL subframes
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.
Dynamic enabling/disabling of Mode 1 would be beneficial if eNB choices to frequency multiplex legacy rel-14 UEs and new rel-15 UEs. However, we think that this situation will exist most of the time and if the eNB choices to always deactivate Mode 1 in this situation, the advantage of introducing Mode 1 is questionable. Besides, frequency multiplexing UEs on unlicensed channel is not as favorable as on licensed carrier due to the risk of UEs blocking each other’s transmissions.  
Proposal 2:
· [bookmark: _Hlk498419394]Mode 1 is configured via RRC signaling, and it applies for all UL subframes once it is enabled.
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 3:
· [bookmark: _Hlk498419399]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.
Remaining issues on UL multiple ending points
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 5:
· [bookmark: _Hlk498419932]No additional ending point other than symbol #6 is needed in UL.
Indication of Mode 2 and ending points: 
UL grant explicitly indicates the starting point and the ending point. This will require modifications to existing eLAA DCIs, both single and multi-subframe scheduling.
On top of existing Rel-14 PUSCH starting and ending fields, two bits are needed to indicate one of the three states (Rel-14, Mode 2, or partial subframe ending at #6).   One joint field of two bits can be introduced, or alternatively, two separate fields (1 bit each) is used to enable Mode 2 indication, and partial ending subframe at #6. 
Unlike the single subframe scheduling, when scheduling multiple subframes it is possible to enable both Mode 2 and partial subframe ending at #6 in the same UL burst. On top of existing Rel-14 PUSCH starting and ending fields, two bits are needed to indicate one of the four states (Rel-14, Mode 2, or partial subframe ending at #6, mode 2 + Ending at #6).   One joint field of two bits can be introduced, or alternatively, two separate fields (1 bit each) is used to enable Mode 2 indication, and partial ending subframe at #6. 
Proposal 6: 
· To dynamically indicate Mode 2 and partial ending subframe at #6, 2 bits are needed in DCI 0A/0B/4A/4B.
[bookmark: _Toc458153812]Conclusion
In this paper, we discussed remaining issues on supporting multiple starting/ending positions LAA UL and made the following proposals:
· For Mode 1, it is not desirable to introduce a new MCS table.
· Mode 1 is configured via RRC signaling, and it applies for all UL subframes once it is enabled.
· 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.
· No additional ending point other than symbol #6 is needed in UL.
· To dynamically indicate Mode 2 and partial ending subframe at #6, 2 bits are needed in DCI 0A/0B/4A/4B.
Appendix 

Table 1: Code rate for legacy and modified MCS table
	
	Q
	TBS
	Legacy Code rate
	Q'
	Modified code rate

	0
	2
	2792
	0.12
	2
	0.12

	1
	2
	3624
	0.15
	2
	0.15

	2
	2
	4584
	0.19
	2
	0.19

	3
	2
	5736
	0.24
	2
	0.24

	4
	2
	7224
	0.30
	2
	0.30

	5
	2
	8760
	0.37
	2
	0.37

	6
	2
	10296
	0.43
	2
	0.43

	7
	2
	12216
	0.51
	2
	0.51

	8
	2
	14112
	0.59
	4
	0.29

	9
	2
	15840
	0.66
	4
	0.33

	10
	2
	17568
	0.73
	4
	0.37

	10
	4
	17568
	0.37
	4
	0.37

	11
	4
	19848
	0.41
	4
	0.41

	12
	4
	22920
	0.48
	4
	0.48

	13
	4
	25456
	0.53
	4
	0.53

	14
	4
	28336
	0.59
	6
	0.39

	15
	4
	30576
	0.64
	6
	0.42

	16
	4
	32856
	0.68
	6
	0.46

	17
	4
	36696
	0.76
	6
	0.51

	18
	4
	39232
	0.82
	6
	0.54

	19
	4
	43816
	0.91
	6
	0.61

	19
	6
	43816
	0.61
	6
	0.61

	20
	6
	46888
	0.65
	6
	0.65

	21
	6
	51024
	0.71
	6
	0.71

	22
	6
	55056
	0.76
	6
	0.76

	23
	6
	57336
	0.80
	6
	0.80

	24
	6
	61664
	0.86
	6
	0.86

	25
	6
	63776
	0.89
	6
	0.89

	26
	6
	75376
	1.05
	6
	1.05
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