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1 Introduction

In the RAN1 meeting #89 [1], the following agreements on FeLAA were achieved: 
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
In the RAN1 meeting #91 [2], the following agreements on FeLAA were achieved:
Agreement:

In case the 1st subframe of a reference UL burst based on Type 1 channel access is Mode 1 partial UL subframe, the partial subframe as well as the next subframe are considered for CWS adjustment.

· If at least one of the TBs in the partial UL subframe and the next subframe is received correctly, the contention window is reset. Otherwise, it is increased.

Agreement: 

In case the partial subframe is the only subframe included in the reference UL burst, the partial subframe is used for CWS adjustment.
Agreement: 

In case the partial subframe is the only subframe included in the reference UL burst, the partial subframe is used for CWS adjustment.
Agreement:
If the UE is allowed Mode 1 UL partial subframe transmission, the number of possible Type 2 LBT attempts by the UE within the shared COT shall be limited to n+1, where n is the number of consecutively allocated UL subframes.

Note: This applies regardless of the type or number of grants that were used to schedule the consecutively allocated UL subframes and for cases where there maybe gaps of one symbol or less between the consecutively allocated subframes as in Rel-14
Agreement: 

For a UE which is allowed to apply Mode 1 UL partial subframe outside the MCOT acquired by the eNB, there is 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.

Agreement: 

If a UL grant schedules a UL burst by multiple-subframe scheduling operation with Mode 1, Mode 1 is applied for all subframes of the UL burst.

Agreeement: 

The TBS of the Mode 2 partial UL subframe is scaled by the factor of 0.5.

Agreement: 

Re-interpret the legacy bit field in 0A/0B/4A/4B for indicating the starting positions of {#7, #7+25us, #7+25us+TA, #8} when a Mode 2 partial subframe is scheduled.

Agreement: 

When UCI is sent along with UL-SCH, the UCI is rate-matched in the 2nd slot of a subframe with Mode 1 operation, regardless this Mode 1 subframe is actually full or partial.

Agreement: 

UCI is rate-matched in the 2nd slot of the Mode 2 partial UL subframe.

Agreement: 

The TBS of a subframe ending at symbol #6 is scaled by a factor of 0.5 

Agreeement: 

UCI is rate-matched in the 1st slot of a subframe ending in symbol #6.
This contribution discusses the remaining details for UL partial subframe transmission with frame structure 3, including how to indicate UL Mode 1 transmission, the application of new MCS table, the necessity of introducing additional UL ending points, and the UCI mapping details for the Mode 1 subframe.
2 Initial partial subframe transmission
· Dynamically indicating Mode 1 subframe(s)
For UL transmission starting at symbol #7 with Mode 1, UE could puncture the first slot of a UL subframe according to the agreements. To guarantee the reliability of the Mode 1 subframe even under the punctured case, eNB would generally take a conservative scheduling strategy to ensure that it has a higher possibility to correctly decode the punctured PUSCHs. But generally the eNB would also schedule some subframes with normal MCS for high spectrum efficiency. If there is no indication on which UL subframes Mode 1 applies and all the UL subframes are enabled to apply Mode 1, the UE does not distinguish which subframe(s) are conservatively scheduled and which subframe(s) are normally scheduled. Thus the UE may puncture the subframe that is normally scheduled, and in this way the decoding for this subframe would probably fail. Indicating Mode 1 subframe(s) helps the UE to distinguish which subframe(s) are conservatively scheduled and allowed to be punctured while others are not allowed to be punctured. This would improve the reliability of Mode 1 transmission.
On the other hand, such a dynamical signaling could be used to indicate the new MCS table should be applied for Mode 1 subframes as mentioned later, and could further improve the spectrum efficiency. For non-Mode 1 subframes, the legacy MCS table is applied.
In addition, since UE can switch to UL initial partial subframe transmission by LBT result, the issue for blocking legacy eLAA UEs should be considered. As illustrated in Figure 1, assuming a FeLAA UE and an eLAA UE are scheduled with same starting time position, e.g., from symbol #0, the LBT fails before symbol #0 for both UEs. However, LBT for the FeLAA UE succeeds before symbol #7, and then the FeLAA UE can switch to initial partial subframe and transmit in the following several subframes, which may block the transmission of the eLAA UE. One solution is to leave a gap, e.g., one symbol, between two consecutive subframes so that eLAA UE can perform LBT for each subframe, however, this would lead to inefficient transmission and the FeLAA UE may have a risk to lose the channel. Indicating UL subframes which are allowed to apply Mode 1 transmission to UE would be helpful for eLAA UE and FeLAA UE multiplexing. 
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Figure 1: Blocked eLAA UE by UL initial partial subframe of FeLAA UE
As considering the above benefits, UL subframe(s) allowed to apply Mode 1 transmission should be dynamically indicated by the UL grant.
Proposal 1: UL subframes which are allowed to apply Mode 1 transmission should be dynamically indicated to the FeLAA UE by UL grant.
· Benefits of new MCS table for Mode 1 subframes

If the UE puncture the 1st slot based on the LBT outcome for Mode 1 subframe, the TBS allocated for the full subframe should be carried only on the partial subframe, in which case the effective coding rate may be too high, e.g., exceeding 0.931, so that the eNB cannot correctly decode the TB. To alleviate this issue, a new MCS table similar to DL LAA can be introduced for UL starting partial subframe such that the modulation orders in the rows with high coding rate can be changed into higher modulation orders to lower the coding rate accordingly. An example of the new MCS table is shown in Table 1 in the Appendix. Performance evaluation based on the new MCS table and the legacy MCS table provided in [3] and reproduced in Figure 3 in Appendix shows that the MCS with effective coding rate larger than 0.931 in the partial subframe can be correctly decoded if changing the lower modulation order to a higher modulation order. 
If the new MCS table is used for Mode 1 subframe which could be starting at symbol 7, it is also used for this subframe even it access at symbol 0. There may be a concern that the new MCS table may be suboptimal for the Mode 1 subframe with 14 symbol transmission. Figure 4 shows the performance loss of using the new MCS table instead of using the legacy MCS table for 1 ms transmission. However, conservative scheduling strategy is generally applied for Mode 1 subframe to guarantee the subframe can be successfully decoded even if it is punctured. Under this conservative scheduling, the BLER under both the new table and the legacy table would be very low if the Mode 1 subframe happens to be 14 symbols, and the gap of BLER between the new table and the old table for 14 symbols case is marginal. For example, as shown in Figure 5, if eNB wants to schedule a TBS 8 to one UE in a LAA UL subframe with Mode 1 transmission, the eNB should expect such a TB be correctly decoded at a SNR of around 9 dB since the UE might puncture the first slot of the subframe. Therefore, if the UE can access the channel at symbol 0 and transmits full subframe, the BLER for both the new MCS table and the legacy MCS table is lower than 0.1%.
For a Mode 1 subframe, if the first slot of the subframe is punctured based on LBT results, it will result in losing almost half of the systematic bits. However, it does not mean the system information is lost since the systematic bits may be recovered either by their corresponding parity bits mapped on the second slot of the subframe or by the Turbo soft decoding. The partial subframe transmission in Mode 1 with an effective coding rate higher than 1/3 but lower than 0.931 may still be correctly decoded at high SNR case, according to our evaluation in [3]. The new MCS table could lower the effective coding rate in the old MCS table for some MCS indices, which is helpful to enhance the cell spectrum efficiency for Mode 1 transmission under the punctured case.
Although by always using the old MCS table, the eNB can skip MCS indices 8-10, 15-18, and chooses a more conservative MCS value (e.g. by choosing TBS 7 instead of 8-10 or 14 instead of 15-18), this means around 35% of the available MCS values are precluded from the new MCS table, and thereby the selected MCS value from the remaining set is sub-optimal in spectrum efficiency. E.g., considering the most general case for unlicensed scenario is high SINR case, the MCS indices 19-28 cannot survive for both new and old table under punctured case, thus it is more likely for the eNB to fall back the MCS value to 18 under the new MCS table, while under the old MCS table the highest available MCS value for falling back is 14. This causes almost 40% degradation of spectrum efficiency in case of always using the old MCS table.
Therefore, it is beneficial to introduce a new MCS table, e.g., Table 1 shown in Appendix, to enhance the performance of Mode 1 transmission. Accordingly, UL subframes which are allowed to apply Mode 1 transmission should apply the new MCS table, and the legacy MCS table is applied for the subframe indicated with non-Mode 1.
Proposal 2: New MCS table should be introduced for the subframe applying Mode 1 transmission, and the legacy MCS should be used for the non-Mode 1 subframe.

3 End partial subframe transmission
As eMBB traffic is generally transmitted on the unlicensed spectrum, it is corner case for the UE to always have a small TBS with less than 7 symbol length. To save overhead in UL grant, it is not necessary to introduce extra ending positions except symbol #6 considering scheduling flexibility and signaling overhead. The end partial subframe can be transmitted in the way of rate matching and the TBS can be scaled similarly as in FS2 and the scaling factor could be 0.5.
Proposal 3: No need to introduce additional ending points except symbol #6. 
4 UCI mapping on Mode 1 subframe 
It has been agreed in the last meeting that the UCI is rate-matched in the 2nd slot of a subframe with Mode 1 operation when it is sent together with UL-SCH. There are some further details for the UCI mapping for Mode 1 subframe.
When the subframe with Mode 1 operation is scheduled to carry CSI without UL-SCH, if the UE is still only allowed to map CSI on the 2nd slot, the UE has to defer to symbol 7 even if it can finish the LBT at symbol 0, and may lose the channel after deferring. 
To guarantee the channel utilization efficiency, the UE shall map CSI-only over the full subframe with Mode 1 operation. If the UE punctures the 1st slot, the effective coding rate of CSI is the same to the case of only mapped on the 2nd slot, and there will be CSI performance loss as compared to rate matched only on the 2nd slot. But if the UE accesses the channel on symbol 0, the coding rate of CSI is much lower and more reliable than rate matched only on the 2nd slot. Moreover, it is more important to guarantee the channel utilization by enabling the UE to access as soon as the LBT succeeds before symbol 0. In addition, considering the systematic bits are more important for decoding, the UCI can be mapped firstly on the second slot to accommodate the systematic bits then on the first slot, to alleviate the performance loss due to the puncture of the 1st slot. As shown in Figure 2, mapping CSI-only on both 1st slot and 2nd slot can allow the UE to access the channel from symbol 0 or symbol 7.
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Figure 2: Mapping of UCI only on Mode 1 subframe
Proposal 4: When the UCI is transmitted without UL-SCH on the subframe with Mode 1 operation, the UCI is mapped firstly on the second slot then on the first slot. 

The other remaining issue for UCI mapping is the calculation of the physical resources 
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 for CSI on PUSCH for Mode 1 subframe and Mode 2 subframe. The physical resources used for carrying the CSI on PUSCH of Mode 1 subframe should be calculated based on full subframe regardless whether the actual transmitted subframe is partial or full to guarantee the CSI performance is not negatively impacted. On the other hand, the physical resources used for carrying the CSI on PUSCH of Mode 2 subframe or ending partial subframe should be calculated according to one slot. 

For example, the physical resources 
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 for CQI/PMI is calculated as:
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where 
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 if the current subframe is Mode 1 subframe, and 
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 if the current subframe is Mode 2 subframe or ending partial subframe; 
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 is the number of symbols per subframe for initial PUSCH transmission for the same transport block if the initial transmission is on Mode 1 subframe, and 
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 is the number of symbols per slot if the initial transmission is on Mode 2 subframe or ending partial subframe.
Proposal 5: Amount of physical resources for UCI transmission should be calculated based on full subframe for Mode 1 subframes and based on one slot for Mode 2 subframes or ending partial subframes. 
5 Conclusion
In this contribution, the remaining details for partial subframe transmission for UL on SCell with FS3 are discussed. It is proposed:

Proposal 1: UL subframes which are allowed to apply Mode 1 transmission should be dynamically indicated to the FeLAA UE by UL grant.
Proposal 2: New MCS table should be introduced for the subframe applying Mode 1 transmission, and the legacy MCS should be used for the non-Mode 1 subframe.

Proposal 3: No need to introduce additional ending points except symbol #6. 
Proposal 4: When the UCI is transmitted without UL-SCH on the subframe with Mode 1 operation, the UCI is mapped firstly on the second slot then on the first slot. 

Proposal 5: Amount of physical resources for UCI transmission should be calculated based on full subframe for Mode 1 subframes and based on one slot for Mode 2 subframes or ending partial subframes. 
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Appendix
Table 1: Legacy and new MCS for PUSCH
	MCS Index
	Legacy Modulation Order
	New Modulation Order
	TBS Index
	Redundancy Version

	0
	2
	2
	0
	0

	1
	2
	2
	1
	0

	2
	2
	2
	2
	0

	3
	2
	2
	3
	0

	4
	2
	2
	4
	0

	5
	2
	2
	5
	0

	6
	2
	2
	6
	0

	7
	2
	2
	7
	0

	8
	2
	4
	8
	0

	9
	2
	4
	9
	0

	10
	2
	4
	10
	0

	11
	4
	4
	10
	0

	12
	4
	4
	11
	0

	13
	4
	4
	12
	0

	14
	4
	4
	13
	0

	15
	4
	6
	14
	0

	16
	4
	6
	15
	0

	17
	4
	6
	16
	0

	18
	4
	6
	17
	0

	19
	4
	6
	18
	0

	20
	4
	6
	19
	0

	21
	6
	6
	19
	0

	22
	6
	6
	20
	0

	23
	6
	6
	21
	0

	24
	6
	6
	22
	0

	25
	6
	6
	23
	0

	26
	6
	6
	24
	0

	27
	6
	6
	25
	0

	28
	6
	6
	26
	0

	29
	
	reserved
	1

	30
	
	
	2

	31
	
	
	3
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Figure 3: Performance comparison between the new MCS table and the legacy MCS table for 0.5 ms
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Figure 4: Performance comparison between the new MCS table and the legacy MCS table for 1 ms
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Figure 5: Performance of the same TBS with different modulation order or different resource
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