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1 Introduction

One of the agenda items in the 3GPP RAN1 84 meeting is the Channel Access framework for Release 14 
Enhanced Licensed Assisted Access to Unlicensed Spectrum (eLAA). Uplink design is a part of Release 14 eLAA, So, this work item must address the channel access mechanism to be used for eLAA Uplink.
Following are the agreements reached so far on Uplink LBT per the email discussion [82-06]:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered 
· A CCA duration of at least 25 us before the transmission burst

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},

· The sensing duration in a CCA slot can be less than the CCA slot duration. 

· FFS: The random backoff counter is generated at the eNB and is signaled to the UE

· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

· The UL maximum contention window size should be smaller than for DL category 4 LBT

· Note that X = 7 can be revisited later after DL LBT discussions, if necessary

· FFS: Energy detection threshold used for UL LBT

· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst. 
· FFS: Whether and under what conditions the following option may be used.
· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

· Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

· For cross-carrier scheduling, if it is supported that an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 
· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 25 us before the transmission burst

· The sensing duration can be less than the CCA duration.

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 

· FFS: The random backoff counter is generated at the eNB and is signalled to the UE

· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

· FFS: Energy detection threshold used for UL LBT

This contribution discusses various aspects of LAA UL LBT design with respect to the agreements and options presented above. 

2 Discussion
2.1 LAA UL LBT in case of Self-carrier scheduling 
This section discusses various aspects of the LBT for UL grant and UL transmission when self-carrier scheduling is used. 
2.1.1 LBT scheme for LAA UL grant

For the case when an unlicensed carrier sends the UL grant for UL transmission on the same carrier (i.e. self-carrier scheduling), the following need to be considered regarding the parameters used for channel access for sending the UL grant:
1. If the UL grant is sent standalone and not piggybacked with other PDSCH transmissions:  

a. One of the arguments used for relaxing UL LBT for LAA is that the UL grant undergoes DL LBT. So, the UL grant must use the same priority class and LBT parameters as specified for DL PDSCH corresponding to the priority of UL data.
b. Whether the LBT for the UL grant can use the parameters that have been specified for DRS: DRS is treated as a special “Short Control Signal” which is limited to a maximum of 1ms and is transmitted infrequently. The same is not true for UL grants as they can be much more frequent than DRS. Further the LBT for UL grant is used to trigger UL transmissions which can be up to the MCOT in duration. Hence, UL grants must not use the channel access parameters specified for DRS.
2. If the UL grant is piggybacked with other PDSCH transmissions: 
a. Lower priority PDSCH transmissions must not be piggybacked with the transmission of the UL grant in case the channel access has been obtained using the access priority of the UL grant.

b. If the UL grant is piggybacked with PDSCH transmissions of the same access priority class as the UL grant, the corresponding UL transmission can use the more relaxed Fixed UL LBT schemes (discussed in later sections of this document).

c. UL grant may be piggybacked with higher priority PDSCH transmissions where the channel access has been obtained using the access priority of the higher priority PDSCH. For example, the UL grant corresponds to UL Best Effort (BE) data and the UL grant is piggybacked with higher priority DL voice transmission and the channel access has been obtained using the access priority of Voice. In this case, the UL grant has not undergone any appropriate LBT and so the UL BE transmission corresponding to the UL grant must not use the more relaxed Fixed UL LBT schemes.
2.1.1.1 Simulation Results on LBT schemes for UL grant

The motivation of the simulations provided below is to evaluate the performance of both Wi-Fi and LAA when the UL grant undergoes DL LBT using the same access priority of the UL data vis-à-vis when the UL grant undergoes DL LBT using a higher access priority. 

The data below compares the performance of Wi-Fi and LAA when the UL grant corresponding to LAA UL BE transmissions use the access priority of DL BE data vis-à-vis when the UL grant uses a higher access priority of DL Voice. For both cases, simulations consider LAA UL transmissions with Fixed UL LBT and UL no-LBT. For Fixed UL LBT, we consider LAA UL ED thresholds of -72dBm and -62dBm. The complete data in tabular form is presented in the Appendix in section 4. 
The simulations consider a Wi-Fi + LAA configuration with high load for the 3GPP Indoor model specified in [1]. Salient parameters are as follows:

· A single 20MHz unlicensed carrier.  

· 20 DL and 20 UL BE flows for both LAA and Wi-Fi. Additionally 2 DL and 2 UL Voice flows for non-replaced Wi-Fi

· 50% DL traffic and 50% UL traffic for each node of both Wi-Fi and LAA
· For BE data: CWMax is 63 for LAA and Wi-Fi APs. CWMax is 1023 for Wi-Fi STAs.  

· Wi-Fi: 2x2 MIMO, short guard interval, beam-forming and closed loop link adaptation

· Each scenario is simulated over 30 seconds and 15 random seeds.
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Figure 1: LAA Fixed UL LBT at -72dBm. % improvement when UL grant for UL BE transmission uses LBT parameters of DL BE vs. when it uses LBT parameters of DL Voice
Note: VoIP outage is 0% when UL grant uses the LBT parameters of DL BE and 7.69% when UL grant uses the LBT parameters of DL Voice. This is depicted in the figure as a 100% improvement. 
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Figure 2: LAA Fixed UL LBT at -62dBm. % improvement when UL grant for UL BE transmission uses LBT parameters of DL BE vs. when it uses LBT parameters of DL Voice
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Figure 3: No-UL-LBT. % improvement when UL grant for UL BE transmission uses LBT parameters of DL BE vs. when it uses LBT parameters of DL Voice
Observations:
· Both Wi-Fi and LAA performance (DL BE 5 percentile and mean, UL BE 5 percentile and mean, Voice latency and outage only for non-replaced Wi-Fi) improve significantly in case the grant for UL BE transmissions use the access priority of DL BE vis-à-vis the case where the grant uses the access priority of DL Voice.
· The improvement is observed for all 3 tested categories of UL LBT: UL Fixed LBT with UL ED thresholds of -72dBm and -62dBm and No-UL-LBT.

Observation 1: If the UL grant for UL best effort transmission uses the access priority of DL best effort instead of the access priority of a higher priority access class such as DL Voice, it leads to significant improvement for both Wi-Fi and LAA for both DL and UL for LAA Fixed UL LBT and no-UL-LBT schemes.
Proposal 1: If the UL grant in case of self-carrier scheduling is transmitted standalone, it must use the same channel access priority and LBT parameters as the DL PDSCH corresponding to the UL data.
Proposal 2: If the UL grant is transmitted together with other PDSCH data:

a. Lower priority PDSCH transmissions must not be piggybacked with the transmission of the UL grant in case the channel access has been obtained using the access priority of the UL grant.

b. If the UL grant is piggybacked with PDSCH transmissions of the same access priority class as the UL grant, then the corresponding UL transmission can use the more relaxed Fixed UL LBT schemes.
c. If the UL grant is piggybacked with higher priority PDSCH transmissions where the channel access has been obtained using the access priority of the higher priority PDSCH, then the corresponding UL transmission must not use the more relaxed Fixed UL LBT schemes.

2.1.2 LBT scheme for LAA UL transmissions

This section discusses the following LBT schemes for LAA UL transmission when used with self-carrier scheduling. 

· No-UL-LBT

· One shot UL LBT for a Fixed Duration of at least 25 μs

2.1.2.1 No-UL-LBT

We observe that LAA UL transmission without any LBT causes significant increase in collision in the channel. In this case, both Wi-Fi and LAA performance (DL BE 5 percentile and mean, UL BE 5 percentile and mean, Voice latency and outage only for non-replaced Wi-Fi) is significantly worse with No-UL-LBT vis-à-vis a simple one shot LBT with a fixed duration of 25us. The performance is worse with respect to both the evaluated LAA UL ED thresholds of -72dBm and -62dBm. The simulation results and observations are presented in section 2.1.2.2.
2.1.2.2 One shot UL LBT for a Fixed Duration of at least 25 μs

3GPP has also considered an option to use a one shot UL LBT for LAA with a fixed LBT duration of 25 us. The following should be taken into account:

· The duration and the procedure and timing for UL channel sensing during the fixed LBT period need to be defined. Analogous to the definition of the defer duration 
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in section 15.1.1 of [3], the UL fixed LBT duration should include an idle slot duration 
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at its start.

· In addition to the above, the timing and duration of channel sensing should be defined.

· It should also be evaluated whether the minimum considered fixed LBT duration of 25us is sufficient to ensure fair coexistence with Wi-Fi. 

· An earlier submission presented in RAN1 82 [2] had observed that an LAA fixed UL LBT duration of 25us is sufficient to ensure fair coexistence with co-channel Wi-Fi. However, the DL LBT parameters for the presentation were based on the generally accepted values in 3GPP at that time. The final agreed set of DL LBT parameters in 3GPP is considerably different in some cases as listed below: 
· BE CWmax for DL LBT: Assumed: 1023. 3GPP agreement: 63

· ED threshold for DL LBT: Assumed: -82 dBm. 3GPP agreement: -72 dBm

· Max TXOP for BE: Assumed: 5ms. 3GPP agreement: 8ms (in presence of Wi-Fi)
Given the difference between the assumed and the final agreed 3GPP parameters, there is a need to re-evaluate whether a fixed LBT duration of 25us is sufficient to ensure fair coexistence with Wi-Fi.
Proposal 3: If a one shot fixed LBT is used for LAA UL, it must consider the following:

a. Include an idle CCA slot 
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 at the start.
b. Define the timing and duration of channel sensing within the LBT duration
c. Evaluate whether a fixed LBT duration of 25us is sufficient to ensure fair coexistence with co-channel Wi-Fi.

2.1.2.3 Simulation Results on LBT schemes for LAA UL transmission

The motivation of the simulations provided below is to compare the performance of both Wi-Fi and LAA when the LAA UL transmissions use a one shot LBT with a fixed duration of 25us vis-à-vis when it uses No-UL-LBT. For Fixed UL LBT, we consider LAA UL ED thresholds of -72dBm and -62dBm. 

The simulations consider a Wi-Fi + LAA configuration with high load for the single carrier 3GPP Indoor model specified in [1]. Other parameters are the same as enumerated in section 2.1.1.1.
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Figure 4: % Improvement when LAA UL transmissions use fixed 25us LBT at ED threshold of -72dBm vs. ED threshold of -62dBm
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Figure 5: Improvement when LAA UL transmissions use fixed 25us LBT at ED threshold of -72dBm vs. No-UL-LBT
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Figure 6: Figure 5: Improvement when LAA UL transmissions use fixed 25us LBT at ED threshold of -62dBm vs. No-UL-LBT
Observations:
· When LAA UL uses one shot LBT for a fixed duration of 25us, both Wi-Fi and LAA performance (DL BE 5 percentile and mean, UL BE 5 percentile and mean, Voice latency and outage only for non-replaced Wi-Fi) improve significantly in case the UL ED threshold is set at -72dBm compared to -62dBm.
· When LAA UL uses one shot LBT for a fixed duration of 25us at an ED threshold of -72dBm vs. No-UL-LBT:

· Wi-Fi performance improves significantly for all metrics: DL BE 5 percentile and mean, UL BE 5 percentile and mean, Voice latency and outage
· LAA performance improves for DL and UL mean UPT but degrades for DL and UL 5% UPT.

· When LAA UL uses one shot LBT for a fixed duration of 25us at an ED threshold of -62dBm vs. No-UL-LBT:

· Wi-Fi performance: 
· Improves for DL BE mean UPT, UL BE 5% and mean UPT, Voice latency and outage
· Degrades for DL BE 5% UPT

· LAA performance improves for DL and UL mean UPT but degrades for DL and UL 5% UPT.
Based on the simulation results we propose the following:
Observation 2: In case LAA UL is self-carrier scheduled, better performance for both Wi-Fi and LAA is achieved when LAA uses one shot UL LBT with a fixed LBT duration of 25us compared to when it uses no-UL- LBT. 

Observation 3: In case LAA UL is self-carrier scheduled, better performance for both Wi-Fi and LAA is achieved when LAA uses fixed LBT with an ED threshold of -72dBm compared to when it uses fixed LBT with an ED threshold of -62 dBm.
Proposal 4: LAA should use fixed LBT for Uplink transmissions instead of no-UL-LBT and with an ED threshold of -72 dBm or lower on the Uplink.
2.1.2.4 No-UL-LBT when LAA UL transmission on a carrier follows a DL transmission on the same carrier with a gap of at most 16 μs
One of the options considered in 3GPP for LAA UL LBT is the use of no-UL-LBT when the UL transmission on a carrier follows a DL transmission on the same carrier with a gap of at most 16 us. Following are some of the considerations:
· If LAA UL transmissions start at symbol boundaries and DL transmissions end at symbol boundaries, the only way a gap of less than 16 us can be ensured is when the DL transmission ends on a symbol and the UL transmission starts in the very next symbol. This is because LAA symbol duration is longer than 16 us. If this happens, the DL transmission from the eNB must necessarily be to a UE which is different from the UE that would transmit on the UL. This is required to allow for Tx to Rx switching time at the eNB.
· The reference of DL transmission to UL transmission delay needs to be clarified.  If one accounts for the propagation delay, the difference in time between the DL transmission and UL reception at the eNB is more than the difference in time between the DL reception and UL transmission at the UE.
· There may be a requirement for timing advance for UL transmissions to make sure all receptions happen at the same time at the eNB and also for TDD systems, a requirement of a Receive to Transmit gap. These would make a gap of 16 us or less even less probable.
· One argument being used is the possible inclusion of No-UL-LBT in Wi-Fi 802.11ax in case of a similar 16us grant to transmission delay. The more detailed probable agreements for 802.11ax are provided in section 2.3. It must be noted that in 802.11ax, No LBT for UL transmissions within such gaps is being considered only for short UL transmissions with a maximum transmit duration of ~200us. Further, RTS/CTS used in 802.11ax would ensure that there isn’t much impact of the 16us delay between UL grant and UL transmission as the NAV would be set accordingly. LAA does not have such a feature and its UL transmission durations would also be much longer than ~200us. Therefore, no LBT for LAA in case of 16 us delay between DL and UL transmissions would be detrimental to Wi-Fi.
Observation 4: For LAA, it is difficult to ensure a gap of 16 us or less between DL transmission and UL transmission to support no-UL-LBT.
Observation 5: No-UL-LBT in case of a gap of 16 us or less between DL transmission and UL transmission is not a clear analogy to Wi-Fi 802.11ax as 802.11ax will continue to employ legacy channel reservation and protection schemes and the no-UL-LBT scheme is only being considered for short UL transmissions with a maximum transmit duration of about 200us.
Proposal 5: For LAA, no-UL-LBT in case of a gap of 16 us or less between DL and UL transmissions should not be considered in order to ensure fair coexistence with Wi-Fi. 
2.1.2.5 CAT4 UL LBT

2.1.2.5.1 Comparison of channel access parameters per Priority Class for DL and UL LBT
In Wi-Fi, according to the Wi-Fi Multimedia™ (WMM) Technical Specification [4], the CAT4 LBT parameters per channel access priority class are different between the AP and the STA. For example, the STAs are recommended to use:

· Longer value of the initial fixed defer for AC_VI and AC_VO than the APs.

· Higher value of the maximum contention window for AC_BE than the APs.

The parameters are provided below:
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Figure 7: Default WMM parameters for Wi-Fi STAs
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Figure 8: Default WMM parameters for Wi-Fi APs
In LAA, the current DL LBT parameters per access priority class have been modelled on the corresponding parameters for Wi-Fi APs as recommended by the WMM specification. Therefore, the choice of UL LBT parameters for LAA must consider that, per the WMM specification, the Wi-Fi STAs are recommended to perform stricter LBT by using more conservative parameters for channel access than Wi-Fi APs. 

Observation 6: For CAT4 DL LBT in LAA, the CW and initial defer parameters follow the WMM specification for Wi-Fi APs.

Proposal 6: For CAT4 UL LBT in LAA, the CW and initial defer parameters must also follow the WMM specification for Wi-Fi STAs, i.e. use higher maximum CW size and initial defer compared to the DL channel access parameters.
2.1.2.5.2 Start time of UL transmission within a subframe
RAN1 needs to consider the impact of holding the channel after UL LBT success in case the transmissions happen only on subframe or slot boundaries. CAT4 UL LBT may make the start time of the UL LBT success flexible and the actual start of UL transmission may happen only on slot boundaries (like in case of DL) or even subframe boundaries. So, there is an increased chance of resource wastage by holding the channel busy via initial signals until the actual transmission. Since there can be many UL transmissions in a TXOP, this wastage can be significant. Hence, as agreed for the DL, the initial signal transmission should be limited to only the beginning of the TXOP.

Proposal 7: Initial signal transmission should be limited to the beginning of the TXOP and within a TXOP, it should not precede every scheduled UL transmission from the UEs.
2.2 UL LBT in case of Cross-carrier scheduling

The eLAA WID [6] has the following text regarding UL LAA:

The detailed objectives of the work item are to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
Hence according to the WID, cross-carrier scheduling for UL on unlicensed spectrum can be performed only from the licensed spectrum.

However, the latest LAA agreements on LAA UL have also considered the possibility of cross-scheduling from an unlicensed cell. Further, they leave open the possibility that, even in case the UL grant is cross-carrier scheduled, the LBT for the corresponding UL transmission can be as relaxed as that for self-carrier carrier scheduling. This is detrimental to fair coexistence with Wi-Fi.

2.2.1.1 When UL grant is sent post LBT on the SCell on which grant is sent

The scenario here would be that one unlicensed Scell carries DL data and the UL grant for another SCell is piggybacked with its own data transmission. 
In case of piggybacking, the SCell carrying the grant and DL data must use channel access parameters corresponding to the DL data. 

Proposal 8: When UL grant is piggybacked with DL data on the cross-scheduling SCell and no DL LBT has been performed on the SCell which would carry the UL transmission, the LBT for the UL grant should be the same as that for the corresponding DL data on the scheduling SCell.
Also, since this LBT is not performed on the SCell which carries the UL transmission, this should not result in any relaxation of LBT for the UL transmission. Since LBT is not performed on the SCell on which UL transmission would be performed, UL LBT should be like DL LBT and the LBT parameters should be similar to the LBT parameters used by Wi-Fi STA

Proposal 9: For cross-carrier scheduled UL grant, when LBT is not performed on the SCell on which the UL transmission would be performed, UL LBT should be like DL LBT and the LBT parameters should be similar to the LBT parameters used by Wi-Fi STA.
2.2.1.2 When UL grant is sent post LBT on the SCell for which grant is sent

The 3GPP agreement regarding this scenario is the following:

“For cross-carrier scheduling, if it is supported that an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling”

Here, one unlicensed cell is cross-scheduling another. If LBT is done on both the SCells, the following considerations are required:

· This is like multicarrier LBT and the LBT procedure to be followed here needs to be detailed. 
· One unlicensed channel on which LBT succeeds should not be held busy using reservation signals until the other channel also become eligible.
· What would be the use case for performing LBT on the unlicensed cell which carries the UL transmission but not sending the UL grant on it?
As mentioned earlier in the section, the eLAA WID [6] targets cross-carrier scheduling of unlicensed UL from only a licensed carrier.
Observation 7: The eLAA WID targets cross-carrier scheduling of unlicensed UL from only a licensed carrier.
Observation 8: RAN1 must specify the use case and the details of the LBT procedure in case of cross-carrier scheduling, when LBT is performed on the Scell on which UL transmission would occur before sending the UL grant on another SCell.
2.3 UL LBT in Wi-Fi 802.11ax

The following are some of the possible agreements on UL LBT in Wi-Fi 802.11ax. These are listed below only to motivate analogous modelling (wherever possible) for LAA UL LBT. The reader should understand that the UL LBT design in Wi-Fi 802.11ax has not yet been finalized or even formalized and is thus subject to change.
· UL LBT is mandatory above a certain threshold of UL transmission length (~250 us)

· UL ED threshold in case LBT is used is -77 dBm

3 Observations and Conclusions
Observation 1: If the UL grant for UL best effort transmission uses the access priority of DL best effort instead of the access priority of a higher priority access class such as DL Voice, it leads to significant improvement for both Wi-Fi and LAA for both DL and UL for LAA Fixed UL LBT and no-UL-LBT schemes.

Proposal 1: If the UL grant in case of self-carrier scheduling is transmitted standalone, it must use the same channel access priority and LBT parameters as the DL PDSCH corresponding to the UL data.

Proposal 2: If the UL grant is transmitted together with other PDSCH data:

a. Lower priority PDSCH transmissions must not be piggybacked with the transmission of the UL grant in case the channel access has been obtained using the access priority of the UL grant.

b. If the UL grant is piggybacked with PDSCH transmissions of the same access priority class as the UL grant, then the corresponding UL transmission can use the more relaxed Fixed UL LBT schemes.
c. If the UL grant is piggybacked with higher priority PDSCH transmissions where the channel access has been obtained using the access priority of the higher priority PDSCH, then the corresponding UL transmission must not use the more relaxed Fixed UL LBT schemes.

Proposal 3: If a one shot fixed LBT is used for LAA UL, it must consider the following:

a. Include an idle CCA slot 
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 at the start.
b. Define the timing and duration of channel sensing within the LBT duration

c. Evaluate whether a fixed LBT duration of 25us is sufficient to ensure fair coexistence with co-channel Wi-Fi.

Observation 2: In case LAA UL is self-carrier scheduled, better performance for both Wi-Fi and LAA is achieved when LAA uses one shot UL LBT with a fixed LBT duration of 25us compared to when it uses no-UL- LBT. 

Observation 3: In case LAA UL is self-carrier scheduled, better performance for both Wi-Fi and LAA is achieved when LAA uses fixed LBT with an ED threshold of -72dBm compared to when it uses fixed LBT with an ED threshold of -62 dBm.

Proposal 4: LAA should use fixed LBT for Uplink transmissions instead of no-UL-LBT and with an ED threshold of -72 dBm or lower on the Uplink.

Observation 4: For LAA, it is difficult to ensure a gap of 16 us or less between DL transmission and UL transmission to support no-UL-LBT.

Observation 5: No-UL-LBT in case of a gap of 16 us or less between DL transmission and UL transmission is not a clear analogy to Wi-Fi 802.11ax as 802.11ax will continue to employ legacy channel reservation and protection schemes and the no-UL-LBT scheme is only being considered for short UL transmissions with a maximum transmit duration of about 200us.

Proposal 5: For LAA, no-UL-LBT in case of a gap of 16 us or less between DL and UL transmissions should not be considered in order to ensure fair coexistence with Wi-Fi. 

Observation 6: For CAT4 DL LBT in LAA, the CW and initial defer parameters follow the WMM specification for Wi-Fi APs.

Proposal 6: For CAT4 UL LBT in LAA, the CW and initial defer parameters must also follow the WMM specification for Wi-Fi STAs, i.e. use higher maximum CW size and initial defer compared to the DL channel access parameters.
Proposal 7: Initial signal transmission should be limited to the beginning of the TXOP and within a TXOP, it should not precede every scheduled UL transmission from the UEs.
Proposal 8: When UL grant is piggybacked with DL data on the cross-scheduling SCell and no DL LBT has been performed on the SCell which would carry the UL transmission, the LBT for the UL grant should be the same as that for the corresponding DL data on the scheduling SCell.
Proposal 9: For cross-carrier scheduled UL grant, when LBT is not performed on the SCell on which the UL transmission would be performed, UL LBT should be like DL LBT and the LBT parameters should be similar to the LBT parameters used by Wi-Fi STA.
Observation 7: The eLAA WID targets cross-carrier scheduling of unlicensed UL from only a licensed carrier.
Observation 8: RAN1 must specify the use case and the details of the LBT procedure in case of cross-carrier scheduling, when LBT is performed on the Scell on which UL transmission would occur before sending the UL grant on another SCell.
4 Appendix
	
	UL grant uses the priority of UL data
	UL grant uses the priority of Voice

	
	Fixed UL LBT of duration 25 us
	No UL  LBT
	Fixed UL LBT of duration 25 us
	No UL LBT

	
	 

UL ED : -72 dBm
	 

UL ED : -62 dBm
	
	 

UL ED : -72 dBm
	 

UL ED : -62 dBm
	

	 
	 
	WiFi
	LAA
	WiFi
	LAA
	WiFi
	LAA
	WiFi
	LAA
	WiFi
	LAA
	WiFi
	LAA

	DL: UPT CDF (Mbps)
	5%
	10.56
	0.147
	6.189
	0.131
	7.746
	0.188
	9.508
	0.102
	4.878
	0.095
	1.742
	0.112

	
	50%
	53.504
	17.744
	47.341
	17.254
	39.582
	9.989
	52.169
	17.797
	42.353
	9.436
	30.082
	4.305

	
	95%
	89.139
	69.496
	85.109
	59.646
	74.468
	52.415
	89.932
	72.297
	85.786
	53.96
	69.21
	43.795

	
	Mean
	51.374
	24.827
	46.319
	21.879
	40.726
	16.594
	51.022
	22.754
	43.238
	17.591
	31.74
	10.61

	DL: Latency CDF (s)
	5%
	0.01
	0.593
	0.016
	1.009
	0.014
	0.873
	0.01
	1.011
	0.019
	0.953
	0.097
	1.291

	
	50%
	0.095
	2.451
	0.124
	2.974
	0.115
	2.943
	0.074
	2.963
	0.15
	3.361
	0.477
	4.231

	
	95%
	0.44
	4.589
	0.62
	5.394
	0.619
	4.863
	0.363
	5.092
	0.603
	5.976
	1.25
	6.79

	
	Mean
	0.151
	2.511
	0.197
	3.113
	0.196
	2.89
	0.112
	3.009
	0.206
	3.401
	0.558
	4.177

	UL: UPT CDF (Mbps)
	5%
	6.764
	0.102
	3.901
	0.034
	3.964
	0.209
	4.524
	0.06
	3.284
	0.029
	0.825
	0.075

	
	50%
	44.969
	6.413
	40.319
	5.897
	36.036
	4.541
	43.742
	6.112
	34.672
	3.541
	25.688
	3.417

	
	95%
	86.09
	40.132
	82.938
	34.509
	67.939
	32.373
	84.912
	36.674
	74.699
	31.776
	65.154
	31.622

	
	Mean
	45.348
	12.059
	40.857
	10.557
	36.953
	9.954
	44.524
	11.097
	36.47
	8.316
	27.715
	7.223

	UL: Latency CDF (s)
	5%
	0.022
	0.915
	0.065
	1.342
	0.022
	0.446
	0.021
	1.459
	0.039
	1.174
	0.144
	0.719

	
	50%
	0.236
	3.102
	0.313
	3.764
	0.25
	2.103
	0.208
	4.139
	0.401
	4.115
	0.671
	3.87

	
	95%
	0.717
	6.409
	1.04
	7.385
	0.972
	4.643
	0.882
	7.553
	1.163
	8.226
	1.874
	7.349

	
	Mean
	0.285
	3.397
	0.419
	4.042
	0.339
	2.283
	0.311
	4.355
	0.464
	4.354
	0.802
	3.937

	VoIP latency (DL)
	17.917
	NA
	19.307
	NA
	21.596
	NA
	18.266
	NA
	22.413
	NA
	27.369
	NA

	VoIP latency (UL)
	17.746
	NA
	22.437
	NA
	23.833
	NA
	133.93
	NA
	23.277
	NA
	30.54
	NA

	VoIP outage
	0
	NA
	7.143
	NA
	7.143
	NA
	7.692
	NA
	7.692
	NA
	26.923
	NA

	VoIP outage (DL)
	0
	NA
	7.143
	NA
	3.571
	NA
	3.846
	NA
	0
	NA
	11.538
	NA

	VoIP outage (UL)
	0
	NA
	3.571
	NA
	3.571
	NA
	3.846
	NA
	7.692
	NA
	19.231
	NA

	ρ DL
	0.913
	0.815
	0.91
	0.81
	0.902
	0.828
	0.921
	0.812
	0.905
	0.772
	0.898
	0.783

	ρ UL
	0.918
	0.747
	0.896
	0.714
	0.901
	0.797
	0.919
	0.72
	0.905
	0.656
	0.891
	0.717

	BO
	0.39
	0.693
	0.432
	0.708
	0.473
	0.742
	0.407
	0.707
	0.466
	0.748
	0.571
	0.789

	λ
	0.3125
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