Page 1
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]3GPP TSG RAN WG1 Meeting #84                                                               	           R1-160424
St. Julian’s, Malta, 15th – 19th February 2016  

[bookmark: Source]Agenda item:	7.3.1.5
Source: 	Intel Corporation
Title: 	On the remaining details for UL LBT
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: _GoBack]
1. Introduction 
In the email discussion during Release 13 LAA WI, the following agreements on UL LBT were made: 
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 remaining details on the UL LBT when self-carrier scheduling is used or cross-carrier scheduling is used along with LBT performed on LAA SCell before transmitting a UL grant. The case when cross-carrier scheduling is used but the LBT is not performed on LAA SCell is outside of the scope of this contribution.

2. Design options for LAA UL
According to Release 13 LAA design, a transmission burst is led by DL subframes, which may be followed by UL subframes within MCOT limit. The UL LBT discussed in this contribution is on the LBT before the transmission of UL subframes within the transmission burst meeting MCOT limit. 
2.1. UL LBT options: 
As it was agreed in Release 13, the following two options can be considered for UL LBT for self-carrier scheduling or cross-carrier scheduling with DL LBT performed on LAA SCell. 
Option 1: Single interval LBT
A CCA duration of at least 25 μs before the transmission burst.
Option 2: Lightweight category 4 LBT
A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 μs followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7}. The remaining FFS points can be further considered.  
In Section 3, the above two options will be compared via system-level performance evaluation.
In Figure 1 below, we illustrate an overview on the UL LBT execution on LAA SCell. 




Figure 1. Overview of UL LBT on LAA SCell

As illustrated, a UE, who is not currently in transmission, is required to perform LBT before the transmission. Once gap for UL LBT is created, all the UEs scheduled to transmit in the following subframe, including those already in transmission, need to perform LBT. If the same set of UEs continue to transmit over multiple UL subframes, UL LBT other than the very first one may be skipped. The presence of LBT gap needs to be signaled by the eNB. 
2.2. ED threshold: 
ED threshold value for UL LBT should abide by regulatory requirements. The ED threshold for DL LBT agreed in Release 13 not only meets the regulatory requirements but also ensures fair coexistence with incumbent system. We thus draw the following proposal.
Proposal: We propose that the ED threshold rule for UL LBT is the same with that for DL LBT.
2.3. Symbol puncturing for UL LBT: 
The following two options can be considered as the potential symbol position to puncture for UL LBT.
· Symbol #0 of the current subframe. 
· Symbol #13 of the previous subframe.
Figure 2 below illustrates the operation of UL LBT according to each option.



(a) Option 1: symbol #0 for UL LBT


(b) Option 2: symbol #13 for UL LBT
Figure 3. UL LBT operation according to different symbol position for puncturing

There are issues associated with option 2 as described below. 
1. According to the Release 13 LAA design, it can be interpreted that the partial subframe based on DwPTS is only applicable for the ending DL subframe, which has to be indicated one subframe earlier. Thus, if symbol #13 is punctured, at least the first two subframes always need to be configured as DL subframes. This limits the flexibility of configuring DL/UL subframes within a transmission burst.
2. When the eNB schedules UEs for subframe n, it needs to know one subframe ahead whether any new UE will be scheduled in subframe n+1 in order to indicate the UEs scheduled for subframe n to appropriately truncate their UL subframe. This will increase eNB’s scheduling complexity.
Based on the above discussion, we draw the following proposals. 
Proposals:
· Puncture symbol #0 to create UL LBT gap.
· The presence of UL LBT gap is indicated by UL grant.
· UE can override no-puncture command in UL grant, if the LBT performed at the previous attempts was unsuccessful.  
3. Performance evaluation
In this section, we compare the two options for UL LBT in Section 2.1, which are the single interval LBT and the lightweight category 4 LBT. 
3.1. Simulation assumption
General assumption:
· Unless otherwise stated, the evaluation methodology complies with TR 36.889 [1].
· Indoor scenario
· 1 unlicensed channel
· 20 UEs per operator
· FTP only traffic; 0.5 MB file size; DL:UL 50:50 traffic ratio 
LAA 
· DL LBT according to Release 13
· -72 dBm ED threshold for UL LBT 
· X={3,7} when category 4 LBT is applied.
· 8 msec MCOT
· 2x2 MIMO for DL; 1x2 MIMO for UL
Wi-Fi 
· Unless otherwise stated, Wi-Fi system is based on IEEE 802.11ac technology [2] 
· Short GI 
· 4 msec TxOP
· No RTS/CTS
· 2x2 closed-loop MIMO for DL; 1x2 open-loop MIMO for UL
3.2. Simulation Results 

[image: ]

Figure 3. Coexistence performance under different UL LBT options

Result summary 
· With both single interval LBT and lightweight category 4 LBT, LAA can better coexist with Wi-Fi. In other words, Wi-Fi is better off coexisting with LAA than Wi-Fi in terms of both DL and UL performance. 
· Both single interval LBT and lightweight category 4 LBT provide similar performance across varying loading conditions. 
Although, it is observed that both single interval LBT and lightweight category 4 LBT provide comparable performance, single interval LBT is the preferred solution as it can reduce operational overhead. For instance, the signaling of LBT parameters from the eNB is not needed. Also, no need to consider a mechanism to align transmissions between UEs who may finish their LBT at different instances, if category 4 LBT is used. We thus draw the following proposal. 
Proposal: We propose to adopt the single interval LBT as the single option for UL transmission within a transmission burst satisfying MCOT limit.


 
4. Conclusions
In this contribution, the remaining design details on UL LBT were discussed from various aspects and the following proposals were made. 
Proposal: We propose that the ED threshold rule for UL LBT is the same with that for DL LBT.
Proposals:
· Puncture symbol #0 to create UL LBT gap.
· The presence of UL LBT gap is indicated by UL grant.
· UE can override no-puncture command in UL grant, if the LBT performed at the previous attempts was unsuccessful.  
Proposal: We propose to adopt the single interval LBT as the single option for UL transmission within a transmission burst satisfying MCOT limit.
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