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1 Introduction
In RAN1 #84 meeting, two types of LBT procedures have been agreed as candidates for eLAA uplink [1]:  

The details of one-shot LBT has been discussed in details, however, there are still remaining issues regarding Cat4 LBT.  In this contribution, we provide further discussion on the remaining details of Cat4 LBT for eLAA uplink.
2 Cat 4 LBT for Uplink Data Transmission
2.1 Application Scenario
Cat4 LBT is utilized for the scenario of performing LBT to initiate an uplink transmission burst (possibly embedded with downlink transmission subframes as well). In this scenario, LBT is performed within the CCA gap (the truncated OFDM symbol within the first subframe of uplink burst). If the previous burst is for downlink transmission and the last subframe is a partial ending subframe, or the previous subframe before the uplink burst is entirely empty, the position to start LBT can also be advanced (e.g. to align the end instant of LBT with the start of the first subframe in uplink burst). For this type of application scenario, the main target of LBT is to guarantee the fairness of channel access opportunity comparing to the exiting RATs on the unlicensed spectrum (e.g. Wi-Fi), hence, the Cat4 LBT is utilized for this purpose.
Proposal 1: In LAA uplink, Cat4 LBT is utilized for initiating an uplink transmission burst. 

2.2 CWS Adaptation

Contention window size

According to the observation of the UL LAA performance evaluation during the SI, self-carrier scheduled LAA UEs suffers lower throughput compared with WiFi in most cases. Therefore, in Rel-13 SI, it was agreed that one of {3, 4, 5, 6, 7} can be chosen for the maximum contention window for self-carrier scheduling. Considering the number of blanked symbol for CCA gap is typically one in UL subframe, it would be desirable to choose the maximum CW size less than 7, which could almost fit into one symbol.
Proposal 2: Cat-4 LBT with maximum CW < 7 should be applied to self-carrier scheduling and the beginning of the UL burst within DL MCOT, if needed.
For cross-carrier scheduling, the contention window would be larger than that for self-carrier. Because only scheduled UE performs LBT on the channel before UL transmission while both eNB and UE require to perform LBTs for self-carrier scheduling. In addition, it was observed that UL channel access opportunity of cross-carrier scheduled LAA UEs is much lower than Wi-Fi because only scheduled UEs could perform LBT to occupy channel. Therefore, it would be desirable to have smaller CW size than that for DL in case of cross-carrier scheduling. That is, the contention window for cross-carrier scheduling would be greater than that for self-carrier but smaller than DL. Note that if the CW size for UL is smaller than DL, the MCOT limit should also be smaller than DL.

Proposal 3: The maximum CW for cross-carrier scheduling would be greater than that for self-carrier but smaller than downlink
Contention window adaptation

Regarding CW size adaptation for DL LBT, following rules were specified in Rel-13

· The CWS is increased if at least 80 % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value.

· Reference subframe set: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available.

Although some LBT parameters for UL would be different from that for DL, it would be desirable to have common CW adaptation for UL as DL. That is, CWS for UL LBT would be doubled if at least 80% of the HARQ-ACK feedback corresponding to the first subframe of the most recent UL burst are NACKs. Note that if eNB could distinguish DTX of PUSCH due to LBT, it may not be counted as NACK. 
Since the collision condition for uplink is different from that for downlink (e.g. multiple and different transmitters in a UL burst), some modifications on the CWS adaptation for UL might be considered. For example, multiple subframes in a UL burst can be considered as reference subframe. However, it is noted that the number of users scheduled in a subframe is likely limited in small cell scenario, and if multi-subframe scheduling is utilized, such difference between UL and DL would be marginal. Furthermore, whether the HARQ-ACK of the most recent UL burst which is initiated by 25us one-shot LBT should be counted in for CWS adjustment may need consideration. Because the collision situation for 25us one-shot LBT does not provide meaningful reference for Cat-4 LBT, it is beneficial to only refer to the HARQ-ACK of most recent Cat-4 UL burst for CWS adaptation.    
Proposal 4: For Cat 4 based UL LBT, contention window size for UL LBT is doubled if at least 80% of the HARQ ACK/NACK reports corresponding to the first subframe of the most recent UL burst based on Cat-4 LBT are NACKs.
eNB controlled UL LBT

For Cat 4 UL LBT, UE may have different back-off counter if the counter is selected by UE. In this case, it would be possible that UE with the small back-off counter blocks other co-scheduled UEs in the subframe even though there is no other neighbouring nodes (e.g. WiFi) on the channel. To alleviate such inter-user blocking problem, it could be considered that eNB maintains the CWS for each UE in common or individually and generates a common back-off counter for the scheduled UEs. The selected counter is signalled to the scheduled UEs in uplink grant. Since the scheduled UEs in one subframe have the same back-off counter, inter-user blocking problem could be resolved to some extent. However, signalling overhead should also be carefully considered. If large amount of signalling would be required to indicate the back-off counter, resolution of backoff counter could be reduced. For example, if the maximum CW size is 6, one of {0, 2, 4, 6} back-off counter could be signalled.
Proposal 5: For Cat 4 based UL LBT, a common back-off counter or the CW size for scheduled UEs can be generated by eNB and signalled to UEs in uplink grant

2.3 ED threshold for UL LBT

Based on the ED threshold rule defined for DL in Rel- 13, the ED threshold rule for UL could be determined by a semi-statically configured value instead of the power class of the UE, e.g. the maximum transmission power of UE (PCMAX,c) or configured upper bound of  transmission power (PEMAX, c). As a further step, the ED threshold could be dynamically determined by the current transmission power of the UE. The transmission power is controlled by eNB. If the detected energy level at UE side is larger than the CCA threshold, UE has to drop the UL transmission. Obviously, there is some flexibility for LAA to increase the UL transmission opportunity at the cost of lower UL transmission power. It would be beneficial if eNB could properly control the UL power.
Proposal 6: ED threshold rule defined for DL should be applied for UL where ED threshold for UL could be determined by PCMAX,c/PEMAX, c  or the current transmission power of the UE
3 Cat4 LBT for Uplink Grant Transmission

3.1 Prioritization of LBT
Cat4 LBT is a candidate for uplink grant transmission in self-carrier scheduling. In this subsection, details of the prioritization of Cat4 LBT for uplink grant only transmission are discussed. 
When LAA has uplink traffic to transmit over the unlicensed spectrum, the UE needs to obtain an uplink grant from its associated eNB, which specifies the time-frequency resources scheduled for the uplink transmissions. In current LTE system, after the reception of uplink grant, UE needs another few milliseconds to perform decoding and preparation for uplink transmission. Moreover, in Rel-13, it has been agreed that all LAA downlink transmission requires LBT before accessing the channel. Then, for self-carrier scheduling, the transmission of uplink grant right after reception of scheduling request may not be always feasible due to failed LBT, which will further increase the delay between uplink grant and PUSCH transmission. Hence, a proper prioritization of uplink grant LBT can efficiently increase the downlink channel access opportunity and help improving the uplink performance.

In self-carrier scheduling, there are two key issues concerned for the design of uplink grant LBT. First, in order to complete an uplink transmission, both downlink and uplink channel access are required. In light of this, allowing uplink grant to utilize a more aggressive LBT process is reasonable. Secondly, uplink grant generally carries short messages and can be transmitted over much smaller time duration, comparing to downlink data. This is another reason to adopt faster LBT process for uplink grant only transmission. Based on the two considerations, we propose that the prioritization of uplink grant LBT can be higher than downlink data LBT, e.g. the contention window size of Cat4 LBT for uplink grant can be smaller than the one in downlink data LBT. 

For uplink grant only transmission, after successfully completing the LBT, the transmission duration shall be determined to be quite short (e.g. 1 or 2 ms) in general, due to the small traffic requirement of uplink grant. Then, after exhausting the scheduling of uplink grant traffic, if downlink data traffic is also available, the eNB can multiplex those downlink data into the remaining transmission resources on PDSCH, but the total transmission duration cannot be enlarged (which is determined by uplink grant traffic size).
Proposal 7: If Cat4 LBT is utilized for uplink grant transmission, its contention window size should be no bigger than the one of downlink data. 
3.2 CWS Adaptation 
If Cat4 LBT is utilized for uplink grant transmission, appropriate trigger for the contention window size adaptation needs to be specified. Comparing to the LBT for downlink data, where the contention window size adaptation is based on the HARQ ACK/NACK reports, LAA uplink may not have the explicit ACK/NACK feedback send from UE to the eNB. Hence, the CWS adaptation scheme of downlink data cannot be directly utilized for uplink grant. Instead, the eNB can adjust the contention window size based on PUSCH and DTX information from UE. More precisely, after the eNB transmits the uplink grant, it may receive the PUSCH transmission in the scheduled resources from UE, which means the uplink grant transmission is successful and the LBT for corresponding uplink data is also successful. On the other hand, if the uplink grant transmission is unsuccessful, or the uplink grant transmission is successful but the LBT for uplink data transmission scheduled in this grant fails, the eNB may only claim a DTX from this UE. Therefore, the CWS adaptation scheme can be based on the PUSCH/DTX information, using similar or different trigger as downlink data LBT. For example, the CWS is double if at least 80% of the PUSCHs and DTXs for a reference subframe set are DTXs, and otherwise, the CWS is reset to the minimum value, where the reference subframe set is the first uplink subframe of the latest uplink grant transmission burst (in general, the duration of uplink grant transmission burst is as short as 1 ms). 
Proposal 8: If Cat4 LBT is utilized for uplink grant transmission, the contention window size adaptation should be based on the PUSCH and DTX information. 
4 Conclusion

Based on the discussion above, we have the following proposals:
Proposal 1: In LAA uplink, Cat4 LBT is utilized for initiating an uplink transmission burst. 

Proposal 2: Cat-4 LBT with maximum CW < 7 should be applied to self-carrier scheduling and the beginning of the UL burst within DL MCOT, if needed.
Proposal 3: The maximum CW for cross-carrier scheduling would be greater than that for self-carrier but smaller than downlink

Proposal 4: For Cat 4 based UL LBT, contention window size for UL LBT is doubled if at least 80% of the HARQ ACK/NACK reports corresponding to the first subframe of the most recent UL burst based on Cat-4 LBT are NACKs.

Proposal 5: For Cat 4 based UL LBT, a common back-off counter or the CW size for scheduled UEs can be generated by eNB and signalled to UEs in uplink grant

Proposal 6: ED threshold rule defined for DL should be applied for UL where ED threshold for UL could be determined by PCMAX,c/PEMAX, c  or the current transmission power of the UE
Proposal 7: If Cat4 LBT is utilized for uplink grant transmission, its contention window size should be no bigger than the one of downlink data. 

Proposal 8: If Cat4 LBT is utilized for uplink grant transmission, the contention window size adaptation should be based on the PUSCH and DTX information. 
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Agreements: 


Support UL LBT based on a Cat-4 channel access procedure.


Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.


FFS: Condition and restriction on when these options are used
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