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1. Introduction

At the RAN1#81 meeting, DL channel access mechanisms for DL transmission bursts containing PDSCH and DL transmission bursts containing DRS without PDSCH were extensively discussed and following agreements were achieved [1]. 
Agreements:

· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:

· The size of the LAA contention window is variable via dynamic variable backoff or semi-static backoff between X and Y ECCA slots
· One candidate of variable is exponential backoff, FFS for other candidates

· Note that most of evaluations are based on exponential backoff

· The value of X and Y is a configurable parameter

· FFS: which trigger and rate for adapting the size of the contention window

· Consider minimum ECCA slot size smaller than 20 µs

· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)

· FFS: Conditions under which initial CCA is used

· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle

· FFS: Continuing count down during defer period

· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 

· FFS: A defer period configured to be zero.

· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants

· FFS: Relationship, if any, between contention window and maximum channel occupancy?

· Discuss the values of all the above parameters at RAN1#81

· FFS: Applicability of this to DRS

· Adaptability of the energy detection threshold can be applied

· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Agreed R1-152413 with a following note

· Note: This is only for DL LAA

Agreements:

•
For LBT Category 4 operation for PDSCH, following approaches for CWS (contention window size) adjustment should be captured in TR.

–
Option 1: based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)

–
Option 2: based on eNB’s assessment (e.g. sensing based adjustment)

–
Note: combination of those options are not precluded.

–
FFS for the detailed formulation of CWS adjustment
Agreements:

· A single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC

· Total sensing period may be greater than one sensing interval referred to in the above

· FFS: Whether the above can be used for the case where transmission burst does not contain PDSCH but contains DRS, and any other reference signals or channels

· FFS: Whether the above can be used for DL transmission bursts longer than 1+x ms, x << 1 ms

· Further discuss the length of the sensing interval, and the energy detection threshold, or their possible ranges

· The ECCA counter used for LBT category 4 for the PDSCH is frozen during DL transmission burst containing DRS without PDSCH

Considering the different functionalities and transmission duration of DL burst containing PDSCH and DL burst containing DRS without PDSCH, different LBT mechanisms should be applied to different DL bursts. In this contribution, we further discuss DL channel access mechanisms and provide our views. 
2. LBT for DL transmission burst containing PDSCH
It has already been agreed that the LBT category 4 is recommended as the baseline at least for LAA DL transmission burst containing PDSCH. However, there are still several parameters and design options that are open and FFS. In this section, we provided our views for the open issues individually. 
2.1. Contention window size adaptation and remaining details 
LBT category 4 applies dynamic/variable back-off to reduce the probability of collision in unlicensed carrier. Smaller contention window (CW) size can reduce the waiting time for channel access, but it may cause the higher probability of the collision between transmissions of different nodes especially in high traffic scenario. On the other hand, larger CW size can reduce the collision probability, but it might be inefficient due to relatively long waiting time even in low traffic scenario.  
As discussed in last RAN1 meeting, CW size adaptation could be performed based on feedback report from UEs, e.g., ACK/NACK, or based on eNB’s sensing. In Wi-Fi system, CW size is doubled when packet transmission was not successful due to the collision with other transmission. Similarly, NACK report from UEs can be considered as a trigger of CW size expansion in LAA system. However, such NACK report could be caused by not only the collision with other transmission but also a failing link adaptation procedure in LAA system. Hence, how to treat NACK report for the CW size adaptation should be carefully studied.  

Figure 1 shows the formulation of the CW size adaptation based on NACK reporting, in which whether NACK report for CW size adjustment will follow a semi-static or dynamic approach should be carefully considered. For dynamic CW size adaptation, eNB could check the number of NACK reports every burst (M=1). If the number of NACK reporting is larger than a threshold, i.e. N, CW size is doubled; otherwise, CW size is reset to the minimum value configured, i.e. X. For semi-static CW adaptation, eNB could check the number of NACK reports every M bursts (M>1). Since there are multiple ACK/NACK reports across the multiple DL bursts, CW size adaptation based on either number of NACKs from last subframe of the last bursts or number of NACKs from all subframes of the last bursts may be different for collision avoidance.      
[image: image1.emf]1 subframe DL burst transmissions (e.g., 4 ms length at a maximum)

LBT

Check whether number of NACK reporting is larger than N for every M bursts.

LBT LBT

M -1 bursts before next checking

CW size is doubled CW size is reset Yes

No


Figure 1. CW size adaptation based on NACK reporting
We performed system level evaluations to compare the co-existence performance regarding different designs of CW size adjustment based on NACK report. Outdoor deployment scenario with one unlicensed carrier is assumed in the evaluation. Wi-Fi assumes exponential CW size adjustment based on one unsuccessful packet transmission with minimum and maximum CW value of 16 and 1024. In case 2 and 3 below, LAA also assumes minimum and maximum CW values of 16 and 1024. The co-existence scenario and CW adjustment schemes are listed as follow. CCA threshold for LAA of -82dBm is assumed. Detailed evaluation assumption is described in Appendix.   
· Case 0: Wi-Fi – Wi-Fi co-existence 

· Case 1-3: Wi-Fi-LAA co-existence with different CW adjustment assumption for LAA 
· Case 1: Fixed CW size
· CW is fixed to 16 or 128. 

· Case 2: Semi-static CW size adaptation by checking NACKs and adjusting CW every M burst (M=4) 

· Case 2(a): Checking number of NACK reporting from last subframe of the burst. The threshold regarding the number of NACKs for CW size adjustment is 1 (N=1).   

· Case 2(b): Checking number of NACK reporting from all subframes of the burst. The threshold regarding the number of NACKs for CW size adjustment is 4 (N=4).   

· Case 3: Dynamic CW size adaptation by checking NACKs and adjusting CW of each burst  (M=1) 
· Case 3(a): Checking number of NACK reporting from last subframe of the burst. The threshold regarding the number of NACKs for CW size adjustment is 1 (N=1).   

· Case 3(b): Checking number of NACK reporting from all subframes of the burst. The threshold regarding the number of NACKs for CW size adjustment is 4 (N=4).   
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Figure 2. Co-existence performance of Wi-Fi and LAA, low load 0.5, BO 16%
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Figure 3. Co-existence performance of Wi-Fi and LAA, high load 1.0, BO 55%

Figure 2-3 shows the Wi-Fi and LAA performance in both Wi-Fi-Wi-Fi co-existence scenario and Wi-Fi-LAA co-existence scenario with different CW size adaptation schemes. Based on the comparison among evaluated schemes, it is observed that case 2(a), which assumes semi-static CW size adaptation with NACK checking of last subframe in the last burst, could provide the best performance. As we mentioned in previous paragraph, since the link adaptation procedure in LAA assumes a certain probability of NACK reporting, e.g., 10%, the dynamic options may be suffering from unnecessary CW size expansion based on NACK reporting due to this reason. Furthermore, CW size adjustment only based on the NACKs of last subframe seems more effective than based on NACKs of all subframes in the last burst. 

Observation 1: Semi-static CW size adjustment for LAA achieves higher co-existence performance than dynamic CW adjustment. 
Proposal 1: CW size adaptation for LBT of LAA could be based on the ACK/NACK report from UEs. It is suggested to define parameters of M and N, which corresponding to the period of CW size adjustment and threshold for CW doubling. 

For the other detailed parameters of LBT of LAA, e.g. CCA time slot, defer period and CW size, it is suggest to use the same or similar value as Wi-Fi due to twofold reasons. Firstly, it could help LAA to achieve fair co-existence with Wi-Fi. Secondly, specification effort could be saved for seeking appropriate parameter setting. For the CCA threshold for LAA, it is suggested that not only low value such as -82dBm but also higher values such as -62dBm should be supported according to the evaluation results in LAA SI, i.e., in some case CCA threshold values higher than -82 dBm could provide better coexistence performance. 

Proposal 2: Same or similar value to Wi-Fi is preferable regarding detailed parameters of LBT for DL transmission burst containing PDSCH as follow.  

· Duration of CCA slot, defer period, minimum and maximum CW size.    
Proposal 3: CCA-ED threshold of low value such as -82dBm and higher values such as -62dBm should be support at least for DL transmission. 
2.2. Frequency reuse
RAN1 has already agreed that enabling frequency reuse transmission among LAA cells within the same operator is one target of LAA design. Thanks to the gain from frequency reuse transmission, FBE-based LAA DL transmission can provide clearly better coexistence performance than LBE-based LAA DL transmission at least in some scenarios. It also means that unless introducing a certain coordination mechanism into LBE-based mechanism for frequency reuse, basically LBE-based DL transmission cannot enable enough frequency reuse in transmission. Therefore, besides the baseline LBT category 4 mechanism, a mechanism to enable the improved frequency reuse for LAA DL transmission should be supported.
In order to align Tx start timings of LAA DL transmission in the same operator, basically the start timings of CCA and the back-off counter value need to be aligned among LAA cells. However, the interference condition, i.e., CCA ED result of different LAA cell would be different due to the different location. Therefore, periodic re-synchronization/coordination may be necessary. Otherwise, once the back-off counter of a certain eNB becomes misaligned with that of other eNBs, the eNB can never get back to synchronize with the others. Another approach for Tx timing alignment is intentional waiting at some of LAA cells that achieve zero back-off counter earlier than other cells. Basically, such the re-synchronization/coordination for Tx timing alignment among LAA SCells within a single eNB can be realized by eNB implementation. For Tx timing alignment among different eNBs, backhaul signalling or specific implementation/OAM may be necessary.
Observation 2: Frequency reuse could be achieved by eNB implementation, backhaul signalling or OAM, e.g. Tx timing alignment based on back-off counter coordination and/or intentional waiting. 
3. LBT for DL transmission burst containing DRS without PDSCH 
In Rel.12, DRS could only be transmitted every DMTC periodicity of 40/80/160ms within 6ms DMTC window. For LAA, DRS transmission would be subject to LBT. In such case, the transmission opportunities of DRS is relatively low, especially in high traffic load scenario where the LBT of LAA may often be blocked by neighbour eNBs or Wi-Fi nodes. Thus, DRS and corresponding LBT should be designed so as to enable higher probability of DRS transmission. Our view on DRS design could be found in the companion contribution [2].  
At the last RAN1 meeting, it was agreed that single idle sensing interval allows the start of DRS transmission. In order to satisfy the agreements so far and the requirements as above, a simplified version of Cat.4 LBT could be applied for DRS transmission.  ECCA procedure of Cat.4 LBT could be modified for DRS transmission by considering no random back-off, e.g. back-off counter N is always fixed to 1, and no defer period. The procedure of modified Cat.4 LBT for DRS transmission is explained in figure 4. Multiple eNBs start CCA at the beginning of each DMTC or certain time before the beginning of DMTC. If CCA fails due to other transmission such as Wi-Fi, eNB performs CCA continuously for DRS transmission. When CCA succeeds, eNB transmits initial signal until next candidate DRS position, where the DRS burst could be transmitted. The other surrounding eNBs can also transmit DRS burst in the same or following available candidate DRS positions. Obviously, this LBT configuration and procedure supports DRS transmission in multiple candidate positions.      
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Figure 4. LBT procedure for DRS transmission in DMTC

Proposal 4: As LBT for DL transmission burst containing DRS without PDSCH, simplified Cat.4 LBT could be considered.
· Fixed back-off counter N=1
· No defer period 

· FFS on the duration of eCCA slot, T, and initial CCA, BiCCA    

4. Conclusion 

In this contribution, we have discussed on LBT mechanism for DL transmission burst containing PDSCH and DL transmission burst containing DRS without PDSCH. We made the following proposals. 

Proposal 1: CW size adaptation for LBT of LAA could be based on the ACK/NACK report from UEs. It is suggested to define parameters of M and N, which corresponding to the period of CW size adjustment and threshold for CW doubling. 

Proposal 2: Same or similar value to Wi-Fi is preferable regarding detailed parameters of LBT for DL transmission burst containing PDSCH as follow.  

· Duration of CCA slot, defer period, minimum and maximum CW size.    

Proposal 3: CCA-ED threshold of low value such as -82dBm and higher values such as -62dBm should be support at least for DL transmission. 
Proposal 4: As LBT for DL transmission burst containing DRS without PDSCH, simplified Cat.4 LBT could be considered.

· Fixed back-off counter N=1
· No defer period 

· FFS on the duration of eCCA slot, T, and initial CCA, BiCCA    
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Appendix 

Table AI: Simulation Parameters

[image: image5.emf]Basic parameters Value

Bandwidth

20MHz in unlicensed band for Wi-Fi STA and LAA

UE, w/o 10MHz in licensed band for LAA UE

Carrier number (Y) 1

AP/small cell number per operator 4

UE number per operator 10

DL Tx Power 18 dBm

SC/AP dropping Random and uniform within 50 m cluster radius

Mini. dist. b/w SC/AP 20 m of same operator, 10 m of different operator

UE/STA dropping Random and uniform within 20ms from each SC/AP

Cell selection Best RSRP-based larger than -82dBm

Antenna configuration 2Tx2Rx CPA

MIMO Up to 2 streams

UE/STA receiver MMSE-IRC

Traffic model FTP model 3 with packet size of 0.5 Mbytes

Simulation step 8 us

LAA parameters Value

Link adaptation Close loop by CQI, PMI, RI feedback

HARQ Chase combine

MCS QSPK/16QAM/64QAM

CCA threshold (all) -82dBm

Scheduler Proportional fairness

Wi-Fi parameters Value

MCS 802.11ac MCS table without 256QAM

Channel coding BCC

DIFS 32 us

RTS/CTS N/A

Contention window 15~1023

Max burst length 4 ms

Frame aggregation A-MPDU

MPDU 1.5 K Byte size

Link adaptation Open loop using ACK

CCA-CS (Wi-Fi ) -82 dBm

CCA-ED (all) -62 dBm

Scheduler Round-robin
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