3GPP TSG RAN WG1 meeting #81                          R1-152733
Fukuoka, Japan, 25th – 29th May 2015
Agenda Item:
6.2.4.3
Source: 
LG Electronics

Title: 
LBT operation for LAA DL
Document for:
Discussion and decision
1. Introduction

In RAN1#78bis, the following functionalities were agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1], where LBT (Listen-before-talk) is considered as a pre-requisite functionality for coexistence of LAA with inter-operator/RAT networks
· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
In RAN1#79, the following was agreed regarding subframe alignment and LBT operation for DL LAA [2].
	Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization


In RAN1#80, the following was agreed to categorize LBT schemes for evaluation of coexistence performance of LAA [3].
	Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window
Note: Contention window is the maximum possible random back-off value
Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible
· Illustrative examples

· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2

· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3

· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4


In RAN1#80bis, the following was agreed as working assumptions for further details of DL LBT category 4 scheme [4].
	Working assumptions:
· 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 exponential backoff or semi-static backoff between X and Y ECCA slots

· 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. 
· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above


Considering these agreements and discussions so far, this paper suggests relevant options and design principles for DL LBT operation of LAA.

2. DL LBT operation
In this section, we discuss essential functionalities necessary to support three different options for DL LBT operation, that is, DL LBT with random back-off with variable CWS (contention window size), DL LBT with random back-off with fixed CWS, and DL LBT without random back-off.
In general, we consider the followings as a maximum set of essential functionalities to support any one of the three DL LBT schemes.

· Management of random back-off count based on CWS for LBT operation

· Reservation signal

· Flexible PDCCH/PDSCH starting position in a subframe [5]
· Flexible PDSCH ending position in a subframe [5]
It should be noted that it is unclear yet at this stage which functionalities among above should be specified to which level of details for LAA DL operation.
2.1. DL LBT with random back-off with variable CWS (Cat 4)

For Cat 4 LBT operation, the following functionalities can be considered as essential.

· Management of random back-off count based on CWS for LBT operation

· CWS value varies within X and Y by a certain rule

· eNB generates random back-off value within CWS for DL LBT operation

· Reservation signal
· eNB can transmit reservation signal until a possible PDCCH/PDSCH starting position to reserve the channel
· Minimum reservation signal length is 0
· Maximum reservation signal length may be limited to limit the possible transmission burst (including reservation signal) start position
· Flexible PDCCH/PDSCH starting position in a subframe

· To increase the channel utilization, eNB can start PDCCH/PDSCH transmission from a set of limited positions within a subframe and the starting position should be known/detected by the UE.
· Flexible PDSCH ending position in a subframe

· eNB can finish PDSCH transmission on a set of limited positions within a subframe and the ending position should be known/detected by the UE. This is for the purpose of
· maximum utilization of channel under the regulation of maximum channel occupancy time
· enabling transmission of different DL transmission bursts over consecutive subframes by creating a CCA gap
2.2. DL LBT with random back-off with fixed CWS (Cat 3)

For Cat 3 LBT operation, the following variations from the functionalities for Cat 4 can be considered
· Management of random back-off count based on CWS for LBT operation

· CWS is set to a fixed value
· Reservation signal

· no difference
· Flexible data burst starting position in a subframe

· no difference

· Flexible data burst ending position in a subframe

· no difference

2.3. DL LBT without random back-off (Cat 2)

For Cat 2 LBT operation, the following variations from the functionalities for Cat 4 can be considered

· Management of random back-off count based on CWS for LBT operation

· CWS is set to 0

· Reservation signal

· Maximum reservation signal length is set to 0

· Flexible data burst starting position in a subframe

· PDCCH/PDSCH starting position is limited to each subframe boundary

· Flexible data burst ending position in a subframe

· no difference

2.4. Functionalities to support general DL LBT operation
Based on the observations in previous sections, the following functionalities can support any type of DL LBT operations.
· Management of random back-off count based on CWS for LBT operation

· CWS value varies within X and Y by a certain rule

· CWS can be set to a fixed value including 0

· eNB generates random back-off value within CWS for DL LBT operation

· Reservation signal

· eNB can transmit reservation signal until a possible PDCCH/PDSCH starting position to reserve the channel

· Minimum reservation signal length is 0
· Maximum reservation signal length may be limited to limit the possible transmission burst (including reservation signal) start position
· Maximum reservation signal length can be set to 0

· Flexible PDCCH/PDSCH starting position in a subframe

· To increase the channel utilization, eNB can start PDCCH/PDSCH transmission from a set of limited positions within a subframe and the starting position should be known/detected by the UE.

· PDCCH/PDSCH starting position can be limited to each subframe boundary

· Flexible PDSCH ending position in a subframe

· eNB can finish PDSCH transmission on a set of limited positions within a subframe and the ending position should be known/detected by the UE. This is for the purpose of

· maximum utilization of channel under the regulation of maximum channel occupancy time

· enabling transmission of different DL transmission bursts over consecutive subframes by creating a CCA gap

As discussed in a companion paper [6], each type of LBT operation has its pros and cons in the perspective of, e.g. coexistence and system performance. In the specification point of view, supporting any of those options may not make significant difference as shown in this section.
Based on the discussion in this paper, we suggest the following for the potential specification supports for DL LBT operation
Suggestion: For LAA DL, the functionalities summarized in this section should be considered to be supported while the configurability of parameters for each functionality should be discussed further.

3. Summary and conclusions

In this paper, we discussed functionalities to support various options for DL LBT operation. The suggestions of this paper are summarized as follows.
Suggestion: For LAA DL, the following functionalities should be considered to be supported while the configurability of parameters for each functionality should be discussed further.

· Management of random back-off count based on CWS for LBT operation

· CWS value varies within X and Y by a certain rule

· CWS can be set to a fixed value including 0

· eNB generates random back-off value within CWS for DL LBT operation

· Reservation signal

· eNB can transmit reservation signal until a possible PDCCH/PDSCH starting position to reserve the channel

· Minimum reservation signal length is 0
· Maximum reservation signal length may be limited to limit the possible transmission burst (including reservation signal) start position
· Maximum reservation signal length can be set to 0

· Flexible PDCCH/PDSCH starting position in a subframe

· To increase the channel utilization, eNB can start PDCCH/PDSCH transmission from a set of limited positions within a subframe and the starting position should be known/detected by the UE.

· PDCCH/PDSCH starting position can be limited to each subframe boundary

· Flexible PDSCH ending position in a subframe

· eNB can finish PDSCH transmission on a set of limited positions within a subframe and the ending position should be known/detected by the UE. This is for the purpose of

· maximum utilization of channel under the regulation of maximum channel occupancy time

· enabling transmission of different DL transmission bursts over consecutive subframes by creating a CCA gap
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