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1 Introduction
To address the preference for UL LBT category, we analyzed the Cat.2 and Cat.4 LBT in our companion contribution [1]. In this contribution, other issues related to LBT is discussed, including uplink maximum channel occupancy time, ED threshold, contention window adjustment, UL LBT with multiple traffic classes and UL multi-carrier LBT.
2 Design principles for uplink LBT mechanism
The design target of UL eLAA LBT mechanism includes providing fair co-existence with Wi-Fi, which can be achieved by LAA DL transmission. So the LBT mechanism of downlink transmission should be considered as a starting point for eLAA UL. In addition, UL-specific features of LTE should also be considered which may have different design impact from DL, including:
· Scheduling based UL transmission
· The system needs to sense the channel twice to transmit UL grant and PUSCH for self-carrier scheduling
· 4ms scheduling delay for both self-carrier and cross-carrier scheduling
· UE power control
· No PHICH feedback for PUSCH receiving
Proposal 1: The LBT scheme of downlink should be regarded as the starting point for UL LBT design principle. And UL-specific features should also be considered for eLAA design. 
3 Uplink maximum channel occupancy time
In Release13 LAA, the DL maximum channel occupancy time (MCOT) is related to the LBT priority class, the presence of other technologies, and limitations of area regulations (e.g., in Japan). 
For self-carrier scheduling, since the UE can only access the channel after the eNB sensing the channel for UL grant and UE itself sensing for PUSCH, a short CWS should be used to avoid significant decrease of UL access opportunity, e.g, CWS is selected from 3 to 7 with linear adjustment. For cross-carrier scheduling, the maximum CWS value should be longer than that of self-carrier scheduling but shorter than DL as mentioned in [1].
Moreover, Wi-Fi has the same MCOT value for AP and STA even though the CWS are different between AP and STA for the same priority class, e.g., for best effort traffic, the CWS value is from 15 to 63 for AP device and from 15 to 1023 for STA device and both of them with same 6ms maximum TxOP [2]. Therefore, as reference, the DL MCOT can be reused for uplink MCOT as in the following table.

	LBT priority class
	MCOT

	1
	2ms

	2
	3ms

	3
	10 or 8ms*

	4
	10 or 8ms*


*Note:
· If the absence of any other technology sharing the carrier can be guaranteed on a long basis, (e.g., by level of regulation), MCOT=10ms, other MCOT = 8ms.

· In Japan, the MCOT is limited to 4ms by regulation, and after the initial 4ms of UL transmission burst, the UE (depends on the LBT scheme) can sense the channel to be idle for a single duration of 34us before continuing its transmission with the MCOT. 
Proposal 2: The UL MCOT inherits the DL MCOT values and restrictions for the same LBT priority class.
4 ED threshold and adaptation

The UL ED threshold has essential impact on the UE channel access opportunity, throughput, as well as the fairness of co-existence with other RATs, e.g., Wi-Fi.
For the DL transmission, different ED thresholds are adopted depending on the presence of Wi-Fi [3].
· If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation) then:
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· Where:

· 
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 is the set maximum eNB output power in dBm for the carrier  
· eNB uses the set maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
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· BWMHz is the single channel bandwidth in MHz

It can be observed that the ED threshold for DL is related to the bandwidth and the transmission power. Considering general assumptions for the eNB of 23dBm EIRP and 20MHz operating bandwidth, the maximum ED threshold is up to -52dBm if the absence of Wi-Fi is ensured. Otherwise, the maximum energy ED is up to -72dBm, and the ED proportionally increases with the decrease of the EIRP. When the EIRP reduces to be lower than 13dBm, however, the ED threshold stops increasing at -62dBm according to the formula, i.e., 10 dB range is allowed for the adaptation of ED threshold varying with the transmission power. This range is appropriate for DL since the DL EIRP is generally configured higher than 13dBm to provide coverage.
The UL ED threshold principle should follow DL to be dependent with the presence of other RATs. However, different from DL transmission where the fluctuation of the transmission power is relatively small, significant UL power fluctuation may be observed among UEs of different locations, e.g., cell center UE and cell edge UE, due to the UL power control. As a result, -62dBm maximum ED threshold may be too sensitive for the cell center UEs which may transmit with EIRP much lower than 13dBm. In such case, hidden node problem may be severe without the benefit of increasing channel access opportunity. Therefore, higher than -62dBm maximum ED threshold, or in another word, a dynamic range larger than 10dB is preferable for UL LBT.
Proposal 3: The ED threshold of UL LBT should be allowed to vary within a more dynamic range of larger than 10 dB.
5 Contention window adjustment procedure
For the downlink transmission, the CWS adjustment is based on HARQ-ACK feedback when at least 80% of HARQ-ACK values corresponding to PDSCH transmissions in reference subframe k are determined as NACK, then the eNB increases the CWS for the next burst transmission. However, the CWS adjustment rule for uplink transmission of UE cannot be based on PHICH feedback since asynchronized UL HARQ does not contain PHICH operation. Hence, following issues should be discussed for the CWS adjustment of UL.
· Whether the CWS adjustment should be performed by eNB or UE

· Performed at the eNB side

The eNB performs CWS adjustment for each served UE and sends the CWS indication to the scheduled UEs by UL grant. The UE generates the backoff counter according to the CWS indicated by the eNB. The successful or failed PUSCH can be considered as ACK or NACK, respectively. E.g., the eNB may trigger CWS increase for a UE if it could not successfully receive the PUSCH of the UL reference subframe sent by the UE, and trigger CWS decrease otherwise.

· Performed at the UE side

The UE can adjust the CWS by using the NDI indication in UL grant. Whether the NDI corresponding to the UL reference subframe is toggled can be considered as the HARQ-ACK. E.g., the UE may increase the CWS if the NDI is toggled, while the CWS may be decreased if the NDI is not toggled. 

For CWS adjustment performed at the UE side, the UE may not receive the UL grant with toggled NDI corresponding to the UL reference subframe(s) since the HARQ indication by UL grant is asynchronized. In this case, the UE cannot judge whether the previous PUSCH is successfully received so that either increasing or decreasing the CWS is inappropriate. Therefore, it is suggested to perform CWS adjustment at the eNB side where the received status of the PUSCH can be precisely determined.
· DTX PUSCH

A UE may fail to occupy the scheduled UL reference subframe if the channel is busy or it failed to receive the UL grant in PDCCH. In this case the eNB would also fail to successfully receive the PUSCH. But this is obviously different from a PUSCH decoding error because neither UE missing the UL grant nor UE failing to capture the channel results from the collision of UL transmissions. Therefore the DTX PUSCH should be ignored for CWS adjustment, and the eNB should only consider the subframe with occupied PUSCH as the UL reference subframe if it can detect the PUSCH DTX by, e.g., DMRS detection. As shown in Figure 1, the UE failed to occupy the channel on subframe #n, so the eNB considers the UL reference subframe as the first subframe actually transmitted by the UE, i.e. #n+1.
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Figure 1 The PUSCH DTX should not be used to increase CWS
· Reference UL burst and UL reference subframe
In downlink transmission, the reference subframe k is the starting subframe of the most recent transmission on the channel made by the eNB, for which HARQ-ACK feedback is available. As a reference, the UL reference subframe/subframes for CWS adjustment could consider a single subframe or all subframes within a single or multiple uplink bursts on the recent uplink transmission, e.g., the first uplink subframe of the latest available uplink data burst transmission. In addition, the uplink burst should be considered as the consecutive UL subframes scheduled to the UE or that actually transmitted by the UE.
Proposal 4: The CWS adjustment for uplink burst transmission should be controlled by eNB. The eNB indicates its determined CWS to the UE. The PUSCH DTX detected by the eNB should not be used to increase the CWS. 
Proposal 5: The reference subframe/subframes for UL CWS adjustment should be the first non-DTX uplink subframe within the latest available uplink data burst transmission of the UE. 
6 Uplink LBT with multiple traffic classes
Release13 LBT supports four LBT priority classes corresponding to different types of traffic. For the LBT priority classes 1 to 4, the DL LBT parameters are shown in [3]. For UL transmission, multiple LBT priority classes also need to be considered to support variety types of UL traffic. 
· UL multiple traffic classes parameters. 
The LBT priority classes has following parameters: minimum and maximum contention window size (CWS), the number of CCA slots in the defer period, maximum channel occupancy time, and the set of the allowed CWS values. The parameters are highly depending on the UL LBT mechanisms, e.g, whether Cat. 4 LBT or one-shot Cat.2 LBT is adopted.
· The multiplexed UL multiple priority classes could follow the DL multiplexing principles, e.g, .

· The transmission duration shall not be longer than the minimum possible duration needed to transmit all available buffered traffic corresponding to LBT priority classes ≤ X

· The transmission duration shall not be longer than the MCOT for priority class X

· Additional traffic corresponding to LBT priority classes >X may only be included in the UL transmission burst once inclusion of traffic corresponding to LBT priority classes ≤ X has been exhausted.  In such cases, the eNB should maximize occupancy of the remaining transmission resources in the UL transmission burst with this additional traffic.

Proposal 6: Multiple priority classes should be supported for the UL transmission, where the detailed parameter design depends on UL LBT schemes. Multiplexing multiple priority classes in the same UL transmission burst could reuse DL principles.
7 Uplink multi-carrier LBT
For multi-carrier LBT of DL transmission, two options are supported. For Type A, Cat.4 LBT should be performed on each carrier, and self-deferral can be adopted to align the start of transmissions over carriers. For Type B, Cat.4 LBT is performed on one carrier, and one-shot CCA is performed on other carriers before the expiration of the countdown of the Cat.4 carrier. Both of rules can be adopted for UL multi-carrier LBT based on the UL LBT parameters.

Proposal7: The principles of DL multi-carrier LBT could be reused to UL multi-carrier LBT. 
8 Conclusion

In this contribution, we analyzed other issues related with UL LBT, including uplink MCOT, ED threshold, contention window adjustment, UL LBT with multiple traffic classes and UL multi-carrier LBT. Based on the analysis, we draw the following conclusions:
Proposal 1: The LBT scheme of downlink should be regarded as the starting point for UL LBT design principle. And UL-specific features should also be considered for eLAA design.
Proposal 2: The UL MCOT inherits the DL MCOT values and restrictions for the same LBT priority class.
Proposal 3: The ED threshold of UL LBT should be allowed to vary within a more dynamic range of larger than 10 dB.
Proposal 4: The CWS adjustment for uplink burst transmission should be controlled by eNB. The eNB indicates its determined CWS to the UE. The PUSCH DTX detected by the eNB should not be used to increase the CWS. 

Proposal 5: the reference subframe/subframes for UL CWS adjustment should inherit the DL design, e.g., the first uplink subframe of the latest available uplink data burst transmission of the UE. 

Proposal 6: Multiple priority classes should be supported for the UL transmission, where the detailed parameter design depends on UL LBT schemes. Multiplexing multiple priority classes in the same UL transmission burst could reuse DL principles.
Proposal7: The principles of DL multi-carrier LBT could be reused to UL multi-carrier LBT.
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