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[bookmark: _Ref298777854]Introduction
The main objective of the WID on eLAA [1] is to specify UL support for LAA SCell operation in unlicensed spectrum and within the WID scope, the channel access mechanism functionality for UL transmission should be addressed and the decisions made in RAN1 during Rel-13 should be used as a starting point. The following agreements in relation to self and cross carrier scheduling, were made during the Re1-13 LAA work item with respect to the channel access mechanism for UL transmission [2].
Agreement:
· 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
· The sensing duration in a CCA slot can be less than the CCA slot 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, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},
· 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

Agreement:
· For cross-carrier scheduling, when 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

In this contribution we discuss our views on channel access procedures for UL transmissions with a focus on accommodating PUSCH transmissions on the unlicensed spectrum based on system performance evaluation results as well as detailed analysis. Moreover, additional design aspects are discussed in our companion contributions [3][4][5]. Our views on the UL channel access in relation to control channels are discussed in [6].
Discussions
In this section we first provide system level performance evaluations and continue with technical analysis to investigate the impact of the agreed candidate options for LAA UL channel access in Rel-13 on LAA performance as well as its coexistence with Wi-Fi. These investigations are then used for decisions on the candidate options which are presented here.
Performance evaluations of LAA UL transmission
In the following, we provide system performance evaluation results of Wi-Fi coexisting with LAA based on any of the above schemes. Using the same coexistence methodology and assumptions from [7], the indoor scenario is simulated where two operators deploy 4 small cells each in the single-floor building sharing  a 20 MHz carrier. All networks have both DL and UL traffic with a 50/50 split. One of the Wi-Fi networks is replaced by LAA. 20 UEs per AP/eNB are considered in the evaluation. Moreover two additional VoIP traffic UEs per AP are modelled for the non-replaced Wi-Fi network. In the Wi-Fi and LAA coexistence scenario, in the first step, Operator A and B both use Wi-Fi. In the second step, operator A and its corresponding UEs are replaced by an LAA operator and LAA UEs while operator B and its UEs remain unchanged. Finally, the licensed PCell carrier is not used in the LAA network. More information on the simulation assumptions is available in the Appendix.
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[bookmark: _Ref442444754]Figure 1: The left plot corresponds to the UL mean user throughput vs. served traffic per operator per AP/eNB for FTP traffic of Wi-Fi and LAA networks. The right plot corresponds to the UL VoIP outage of the non-replaced Wi-Fi network coexisting with Wi-Fi or LAA networks. LAA is assumed to operate with self-carrier scheduling.
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[bookmark: _Ref442444755]Figure 2: The left plot corresponds to UL mean user throughput vs. served traffic per operator per AP/eNB for FTP traffic where solid and dashed lines correspond to Operator A (replaced Wi-Fi or LAA) and Operator B (non-replaced Wi-Fi), respectively. The right plot corresponds to UL VoIP outage of the non-replaced Wi-Fi network coexisting with Wi-Fi or LAA networks. LAA is assumed to operate with cross-carrier scheduling.
Both self-carrier scheduling and cross-carrier scheduling for LAA are considered for system level evaluation. The following options are assumed for LAA channel access schemes:
· LAA DL LBT with Cat 4 with (CWmin,CWmax)=(15,63), i.e. Rel-13 channel access priority class 3. A DL MCOT of 4ms is assumed in the evaluations.
· LAA UL LBT alternatives for self-carrier scheduling:
· Alt 1:  A CCA duration of at least 25 µs before the transmission burst, UL MCOT=4ms
· Alt 2: Cat 4 with (CWmin,CWmax)=(3,7) and UL MCOT=4ms

· LAA UL alternatives for cross-carrier scheduling:
· Alt 1:  A CCA duration of at least 25 us before the transmission burst and UL MCOT=1ms
· Alt 2: Cat 4 with (CWmin,CWmax)=(3,7) and UL MCOT=2ms
· Alt 3: Cat 4 with (CWmin,CWmax)=(7,15) and UL MCOT=3ms
· Alt 4: Cat 4 with (CWmin,CWmax)=(15,63) and UL MCOT=4ms
· Alt 5: Cat 4 with (CWmin,CWmax)=(15,1023) and UL MCOT=4ms
Firstly, from the LAA and Wi-Fi coexistence point of view, the user throughput and VOIP outage performance for both self and cross carrier scheduling cases in Figure 1 and Figure 2, respectively, clearly illustrate the considerable improvement in Wi-Fi network performance when coexisting with an LAA network as compared to another Wi-Fi network irrespective of the UL LBT scheme utilized by the LAA network. This is due to the fact that LAA being a scheduled system uses the spectrum efficiently and that benefits any neighboring nodes considerably. However, it is clearly seen that despite using fast UL LBT, i.e. Alt 1 and Alt 2, the LAA performance in self-scheduling case is still quite limited. Therefore usage of slower LBT schemes can be perceived as nothing but inefficient and poor system design, and hence cannot be recommended. Our companion paper discusses further improvements that can be achieved by refined scheduling methods [5]. Moreover, Figure 2 illustrates that the LAA performance can be improved in case of cross-carrier scheduling by utilizing fast LBT schemes without any coexistence issues. It can be observed that moderate and slow UL LBT schemes sucha as Alt 4 and Alt 5 corresponding to the Rel-13 channel access priority classes 3 and 4, seriously impact LAA UL performance although the UL grant is not subject to LBT. This limitation is analyzed in more detail in the next section. The observations based on the above discussion are summarized below:
Observations:
· LAA coexists well with Wi-Fi and improves Wi-Fi performance for both self and cross carrier scheduling with fast UL LBT schemes.
· LAA UL performance in case of self-carrier scheduling is very limited even with fast LAA UL LBT schemes.
· LAA UL performance in case of cross-carrier scheduling can be improved with fast LAA UL LBT schemes.
LAA UL Channel Access Analysis and Design
Wi-Fi operates asynchronously where the nodes are not restricted by grants for transmissions at specific times. That allows a Wi-Fi node more flexibility to contend for the channel to acquire access for transmission.
On the other hand, LTE is a scheduled system where UL transmissions are controlled by the eNB such that no transmission by any UE occurs unless it is granted and permitted by the eNB. Furthermore, the grants for scheduled UL transmissions by the eNB are valid only for a specific time interval. The scheduling information in the UL grant  is conveyed in the downlink control channel, where the UE upon reception of the grant is permitted to transmit after 4 subframes for a duration of 1ms, which is the LTE scheduling unit. In LAA, where the SCell operates in the unlicensed spectrum, the transmissions are subject to listen-before-talk as agreed in Rel-13. 
Observations:
· Wi-Fi supports asynchronous autonomous transmission for AP and non-AP stations where transmissions are not restricted to any specific time.
· LTE/LAA is a scheduled system where UL transmissions can occur only at scheduled times if granted by the eNB. 
In case of self-carrier scheduling for LAA operation on unlicensed spectrum, any UL transmission is subject to two LBT procedures as agreed in Rel-13 where the first is performed by the eNB to acquire access to the channel for transmission of the UL grant to the UE and the second is the LBT performed by the UE associated with the UL grant that is allowed to transmit only at the scheduled time if it gains access to the channel prior to the scheduled time. In case of cross-carrier scheduling, the UL grants are transmitted from the licensed carrier as agreed in Rel-13. However the UE is subject to perform LBT for accessing the channel before the scheduled time and has to abandon granted transmission in case of failure in accessing the channel by the scheduled time. Therefore for both self and cross carrier scheduling, the UL transmission is significantly constrained with the impact being more severe for the self-carrier scheduling case. 
Observations:
· Uplink transmissions in an LAA SCell occur only if all the conditions below are fulfilled:
· Successful LBT by eNB for DL transmission including UL grant in case of self-carrier scheduling
· Successful LBT by the UE for UL transmission before the UL grant expires 
These constraints limit the LAA UL performance considerably as shown by the simulation results in the previous section. The performance evaluations also clearly indicate that despite the use of a fast UL LBT scheme for LAA, the gap between LAA and Wi-Fi uplink performance remains large in case of self-carrier scheduling. LAA performance can be improved in case of cross-carrier scheduling by utilizing fast LBT schemes while slower ones jeopardize LAA UL performance considerably. 
Based on the above analysis and discussion we conclude the following as a design principle for the LAA UL channel access scheme: 
Conclusion:
· A fast UL channel access procedure should be considered for LAA to increase the channel access probability

Based on the design principle concluded above, the LBT candidate based on 25 µs CCA should be supported for LAA UL LBT for both self and cross carrier scheduling since it is the most aligned candidate with the design principle. This candidate facilitates enhancement in the LAA UL performance which otherwise is largely constrained due to grant based transmissions. Moreover, this candidate is the only option than can guarantee UL transmission immediately following the DL transmission after a CCA gap of 25 µs in case of self-carrier scheduling. It is important to note that IEEE11.ax being capable of multiple users scheduling has adopted the same approach with similar motivations. 

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

However the duration of UL transmission burst that follows an LBT based on a CCA of at least 25 µs should be taken into consideration in order to ensure the proper usage of unlicensed spectrum. For this purpose, we discuss the self-carrier and cross-carrier scheduling cases individually.
Recalling the conditions for UL transmissions discussed above, the performance of cross-carrier scheduling is less constrained than the self-carrier scheduling case, although it is still constrained due to the grant expiration time in comparison to Wi-Fi STAs or APs. Therefore, in our view it is reasonable to limit duration of the UL transmission burst to the minimum scheduling granularity of 1ms when a very fast LBT scheme, such as the CCA of at least 25 µs, is used for UL LBT. We therefore propose the following: 

:

Proposal:
· For cross-carrier scheduling, the duration of UL transmission bursts based on a CCA of at least 25 µs shall not exceed 1ms.

In some regions, it is likely that regulations may limit the duration of transmissions when the channel is accessed using a CCA of 25 µs. In such cases, it is essential to have a category 4 based LBT mechanism defined to achieve more flexibility in the length of UL transmissions. Moreover, a Cat 4 based LBT cannot be discarded for UL transmission since it is perceived as the baseline approach for channel access purposes. In order to have a consistent design with respect to the LBT parameters for both DL and UL, it is preferred to adopt the maximum contention window of X=7 among the self-carrier scheduling options in the Rel-13 UL agreement described in section 1. The corresponding minimum contention window size is also proposed to be 3 to further fit the exponential back off behavior for the contention window adjustment. However, priority classes with longer contention window sizes need not be precluded. We therefore propose the following. 

Proposal:
· For UL LBT based on a Cat 4 scheme, the channel access priority classes defined in Rel-13 are supported.

Finally in our view, the requirements on the energy detection threshold can follow the agreement reached in Rel-13 for PDSCH transmission.

Proposal:
· Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
Conclusion
In this contribution we have provided system level performance evaluations supported by technical analysis to investigate a proper choice for LAA UL channel access design in Rel-14. Based on the investigation we have made the following observations and conclusions and proposals:

Observations:
· LAA coexists well with Wi-Fi and improves Wi-Fi performance for both self and cross carrier scheduling with fast UL LBT schemes.
· LAA UL performance in case of self-carrier scheduling is very limited even with fast LAA UL LBT schemes.
· LAA UL performance in case of cross-carrier scheduling can be improved with fast LAA UL LBT schemes.

· Wi-Fi supports asynchronous autonomous transmission for AP and non-AP stations where transmissions are not restricted to any specific time.
· LTE/LAA is a scheduled system where UL transmissions can occur only at scheduled times if granted by the eNB. 
· Uplink transmissions in an LAA SCell occur only if all the conditions below are fulfilled:
· Successful LBT by eNB for DL transmission including UL grant in case of self-carrier scheduling
· Successful LBT by the UE for UL transmission before the UL grant expires 

Conclusion:
· A fast UL channel access procedure should be considered for LAA to increase the channel access probability

Proposals:
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· For cross-carrier scheduling, the duration of UL transmission bursts based on a CCA of at least 25 µs shall not exceed 1ms.
· For UL LBT based on a Cat 4 scheme, the channel access priority classes defined in Rel-13 are supported.
· Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
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Appendix
Additional Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions in [7] and we follow the Rel-13 agreements. However our preferences on the assumptions that remained optional or need clarifications when results are presented are provided below. In all the indoor coexistence evaluations, the transmit power of the base station in the unlicensed band is assumed to be 18 dBm per carrier. Moreover, FTP model 3 is used for generating FTP traffic. 

[bookmark: _Ref414616232]Table 1: Additional Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration		
	Open loop 2x2 MIMO 
QPSK/16QAM/64QAM/256QAM

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1500B MSDU + 14 B header

	Max PPDU duration
	Baseline:< 4 ms 
(Asynchronous to LTE timing)

	MAC
	Coordination
	EDCA

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No

	
	Contention window
	Per EDCA

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED on Primary Channels
	-62dBm

	ACK Modelled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	For the DL-only LAA coexistence evaluations:
· DL traffic only for the replaced Wi-Fi network
DL and UL for the non-replaced Wi-Fi network 

	Rate control
	Same as used in LAA

	OFDM symbol length
	4 micro second

	AP contention window
	CWmin=15, CWmax=63

	UE contention window
	CWmin=15, CWmax=1023

	Defer period
	43 micro second including 3 CCA slots following 16 µs period

	Maximum TXOP
	4ms for AP and UE



[bookmark: _Ref414616236]Table 2: Additional LAA system evaluations assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	2Tx2Rx, Cross-polarized. 

	Transmission schemes
	Open loop 2x2 MIMO based on TM10, QPSK/16QAM/64QAM/256QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED (UL and DL)
	-72 dBm

	Cyclic Prefix
	Normal

	eNB contention window
	CWmin=15, CWmax=63

	CCA slot duration
	9 µs

	DL LBT parameters
	· Rel-13 channel access priority class 3 However DL MCOT=4ms is assumed in evaluations.


	UL LBT parameters
	· LAA UL LBT alternatives for self-carrier scheduling:
· Alt 1:  A CCA duration of at least 25 us before the transmission burst, UL MCOT=4ms
· Alt 2: Cat 4 with (CWmin,CWmax)=(3,7), UL MCOT=4ms
· LAA UL alternatives for cross-carrier scheduling:
· Alt 1:  A CCA duration of at least 25 us before the transmission burst and UL MCOT=1ms
· Alt 2: Cat 4 with (CWmin,CWmax)=(3,7) and UL MCOT=2ms
· Alt 3: Cat 4 with (CWmin,CWmax)=(7,15) and UL MCOT=3ms
· Alt 4: Cat 4 with (CWmin,CWmax)=(15,63) and UL MCOT=4ms
· Alt 5: Cat 4 with (CWmin,CWmax)=(15,1023) and UL MCOT=4ms
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