Page 1
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]3GPP TSG RAN WG1 Meeting #85	R1-164132
Nanjing, China, 23th – 27th May 2016

[bookmark: Source][bookmark: _GoBack]Agenda item:	6.2.1.5
Source: 	Intel Corporation
Title: 	Remaining details of UL LBT 
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. Introduction 
In RAN1#84bis, following agreements on UL LBT were made: 

	Agreements:
· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part


Additionally, before RAN1#84, following agreements on UL LBT were made: 
	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 remaining details on UL LBT including the definition of channel occupancy duration and UL LBT to be performed for cross-carrier scheduling. 
2. Maximum channel occupancy duration 
An eLAA transmission burst consists of potential DL and UL transmissions, which may be preceded by a CAT4 LBT. After the completion of CAT4 LBT at eNB (or UE), the eNB (or UE) is allowed to transmit/receive DL/UL transmission for up-to a maximum channel occupancy duration (MCOT) determined by the priority class used of CAT4 LBT. For example, if eNB completes CAT4 LBT with priority class 3, the total transmission/reception time at eNB is limited to 8ms (in presence of Wi-Fi), after which the eNB needs to performs another CAT4 LBT before accessing the channel again. 
If eNB performs CAT4 LBT before UL transmissions with a burst, the UL transmissions are referred to be within MCOT in this contribution. Before the UL transmissions within MCOT, it is agreed that UE performs a single 25us LBT to access the channel.   
One remaining question is whether and how to consider the various kind of gaps, that we will discuss in the following, in counting the channel occupancy time. Possible gaps within MCOT can be classified as follows:
1) UL LBT gap: One symbol gap for UL LBT before PUSCH transmission.  
2) Scheduling latency gap: LTE assumes a scheduling latency of 4 subframes between UL grant and PUSCH transmission. Thus, there can be 4ms gap between UL grant and PUSCH transmission. 
3) Gap due to UL LBT failure: It is possible that the scheduled subframe may not be transmitted due to LBT failure leading to potential gaps within MCOT. 
Gap created due to UL LBT failure should be counted towards MCOT. Otherwise, duration of MCOT can be unbounded. 
Proposal 1: Gap created due to UL LBT failure should be counted towards MCOT. 
In our view, sum of all gaps (other than UL LBT failure gap) within MCOT should be bounded to reasonable limit. Otherwise, the gap duration can be unbounded leading to ambiguity in the notion of the MCOT. As one design option, the sum of all gaps can be bounded to 4+x ms, where 0<x<1 to accounts the UL LBT gaps for performing 25us sensing and UL scheduling latency.  
Proposal 2: The sum of all gaps (other than UL LBT failure gap) within MCOT should be bounded. 

On the other hand, the eNB completes LBT based on the traffic class associated with DL transmission. During the reserved channel occupancy time, UE can transmit any traffic class during the scheduled UL subframe.  

Proposal 3: No limitation on the traffic class is imposed for UL transmission if UL transmissions are performed within MCOT that are preceded by DL subframe.  
In addition to the UL scheduling within MCOT, UE can be scheduled for UL subframes falling outside MCOT. In this case, UL subframe may not be followed by DL subframe. Thus, the UE needs to perform CAT 4 LBT before initiating the transmissions on the scheduled UL resources. 
3. LBT for PUSCH transmission outside MCOT
UE can be scheduled outside MCOT under following scenarios:
· Scenario 1 (Cross-burst scheduling with explicit timing relationship): eNB schedules UE on the subframes that are not limited by the current MCOT via explicit timing relationship. 


Figure 1: Illustration of UE scheduling outside MCOT via cross-burst scheduling
· Scenario 2 (Cross-carrier scheduling): eNB can schedule UE on LAA SCell via transmission of UL grant on PCell without performing LBT at eNB as shown in Figure 4.  


Figure 2: Illustration of UE scheduling outside MCOT via cross carrier scheduling
Fair co-existence with Wi-Fi is the key design target of LAA. In scenario 1 and scenario 2, as eNB has not completed CAT4 LBT for the cross-burst or cross-carrier scheduled UL subframes, it is expected that UE should perform CAT4 LBT.  

CAT4 LBT type selection: 
In principle, following two options can be considered for UL LBT before PUSCH transmission outside MCOT. 
· Option 1: UE performs CAT4 LBT with higher priority compared to the priority of the traffic class associated with PUSCH transmission. The priority can be fixed independent of the traffic class. The possible options include priority class 1, 2 or 3 with MCOT of 2ms, 3ms and 8ms, respectively. 
Consider a case when class 1 priority is used for CAT4 LBT. UE needs to repeat channel access after every 2 ms transmission burst. This will lower the air time efficiency significantly since one subframe following every 2 ms transmission burst needs to be vacant for UL LBT as there is no partial UL subframe. Thus, it is desirable to have at-least priority class 3 CAT4 LBT to allow longer UL transmission burst.
· Option 2: UE performs CAT4 LBT with LBT parameters that correspond to the traffic type of PUSCH transmission. The lowest priority class for PUSCH transmission can be restricted to priority class 3. UE may use higher priority class depending on traffic associated with the PUSCH transmission. Option 2 is preferred as it provides flexibility in channel access, i.e., faster channel access especially for real time traffic such as VoIP. 
Proposal 4: All UEs scheduled outside MCOT should perform CAT4 LBT. The parameters for the CAT4 LBT to be used by UE are based on the priority class associated with the traffic type to be sent on PUSCH. 
Contention window update maintenance. 
UE is expected to perform CAT4 LBT and the parameters for the CAT4 LBT to be used are based on the priority class associated with the traffic to be sent on PUSCH. The exact traffic type to be sent on each PUSCH may not be known exactly at the eNB a priori. Thus, it is rational that each UE autonomously updates the contention window based on errors in PUSCH transmission using the RV version indicated by the UL grant. 
Proposal 5: UE maintains CW parameters when UE is scheduled outside MCOT. The eNB does not indicate the CW parameters before PUSCH transmission. 
Following the above design principle, for cross-carrier scheduling: 
Proposal 6: CAT4 LBT is used for cross-carrier scheduling. The parameters for the CAT4 LBT to be used by UE are based on the priority class associated with the traffic type to be sent on PUSCH. UE maintains the CW parameters. 
4. Performance evaluation for cross-carrier scheduling
In this section, we compare the performance between different CAT4 priority options for cross-carrier scheduling. In particular, we compare the performance when priority the priority class is fixed to 1, 2, 3 or 4, which corresponds to the contention window sizes of (3, 7), (7, 15), (15, 63), (15, 1023), respectively. 
The simulation assumptions are provided in Table 1. Figure 3 provides the DL/UL UPT performance for Wi-Fi and LAA in step 1 and step 2 according to the LAA simulation methodology [2].  






Table 1: Simulation Assumptions  
	
	Comments

	Scenario 
	Indoor, 1 channel,  20 UEs/operator , DL:UL  = 50:50 traffic 

	LAA assumptions
	LAA DL 
	LBT based on Rel.13.
1 OFDM symbol PDCCH overhead 

	
	UL LBT
	CAT4 with different priorities if scheduled with cross-carrier. 

	
	TXOP
	LAA DL = 8ms, UL = 2ms, 3ms, 8ms depending on the priority class used. 

	
	Other LAA   assumptions
	2x2 for DL: TM4 with CSI feedback, 1x2 for UL: MCS adaptation based on SRS.  

	WiFi Assumptions
	TXOP
	DL/UL= 4ms

	
	GI 
	Short GI  (= 400ns) for each OFDM symbol 

	
	DL/UL rate control 
	CL MIMO 




Additional assumptions on CAT4 LBT at the UE are provided below:
· UEs perform self-deferral to align PUSCH transmission with the subframe boundary after completion of LBT. 
· UEs skip transmitting on the scheduled subframe if the CAT4 LBT is not completed before the scheduled PUSCH subframe and continue to perform CAT4 LBT until the next scheduled subframe within the same MCOT. 
· At least one subframe gap between consecutive MCOTs scheduled by cross-carrier scheduling is provided to allow completion of CAT4 LBT before first PUSCH transmission within the MCOT. 
It can be observed that high priority classes 1 and 2 provide worse UL LAA and UL Wi-Fi performance. UL performance is bad due to frequent contentions required at the UE compared to priority classes 3 and 4 as the short length of MCOT. Additionally, eNB needs to provide a room for performing UL LBT after every MCOT leading to higher air time efficiency loss. Furthermore, increased contentions lead to increased chance of collisions and thus the overall loss in efficiency. 
Priority classes 3 and 4 provide similar performance. The reason is that on average CW sizes at the UE are nearly the same and thus the impact of the UL LAA and Wi-Fi performance does not seem to be significant with priority classes 3 and 4. 
Observation 1: Priority classes 1 and 2 for UL LAA may provide worse performance compared to priority classes 3 and 4. 

[image: ]
Figure 3: Performance for different options of UL LBT when LAA co-exists with Wi-Fi
5. Conclusions
In this contribution, the remaining design details on UL LBT were discussed from various aspects and the following proposals were made. 

Proposal 1: Gap created due to UL LBT failure should be counted towards MCOT. 
Proposal 2: The sum of all gaps (other than UL LBT failure gap) within MCOT should be bounded. 
Proposal 3: No limitation on the traffic class is imposed for UL transmission if UL transmissions are performed within MCOT that are preceded by DL subframe.  
Proposal 4: All UEs scheduled outside MCOT should perform Cat 4 LBT. The parameters for the Cat 4 LBT to be used by UE are based on the priority class associated with the traffic type to be sent on PUSCH. 
Proposal 5: UE maintains CW parameters when UE is scheduled outside MCOT. eNB does not indicate the CW parameters before PUSCH transmission. 
Proposal 6: Cat 4 LBT is used for cross-carrier scheduling. The parameters for the Cat 4 LBT to be used by UE are based on the priority class associated with the traffic type to be sent on PUSCH. UE maintains the CW parameters. 
Observation 1: Priority classes 1 and 2 for UL LAA may provide poorer performance compared to priority classes 3 and 4. 
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