Page 1

3GPP TSG RAN WG1 #83
R1-157039
November 14th – 22th, 2015
Anaheim, USA
Agenda item:
6.2.3.1
Source: 
Qualcomm Incorporated
Title: 
Multicarrier LBT operation
Document for:
Discussion and Decision
1
Introduction

RAN1 identified the following agreement for multi-carrier operation [1].

· For multi-Carrier LBT on a group carriers

· Alt1: eNB performs Cat-4 based LBT on only one unlicensed carrier

· When the eNB completes LBT on a carrier, the eNB can sense other configured carriers for a period, e.g., PIFS (25 microseconds), immediately before the completion of LBT on the carrier.

· The eNB is allowed to transmit DL data burst(s) on the carriers sensed idle according to above procedure.

· FFS: How fast the eNB can change the carrier requiring Cat-4 based LBT

· FFS: Whether to apply the Wi-Fi channel bonding rule

· FFS: Energy detection threshold used on channels not performing Cat-4 based LBT

· Alt2: eNB performs Cat-4 based LBT on more than one unlicensed carriers

· The eNB is allowed to transmit DL data burst(s) on the carriers that has completed Cat-4 based LBT with potential self-deferral (including idle sensing for a single interval) to align transmission over multiple carriers. 

· FFS: If the eNB can receive on a carrier while transmitting on another carrier, freeze backoff counter(s) for the carrier(s) not transmitting while other carrier(s) is transmitting if the carriers are within X MHz apart

· FFS: X MHz

· FFS: Whether LAA supports Alt1 + Alt2 or Alt2 only.

In this document, we discuss our views on various aspects of multi-carrier LBT operation. 
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Considerations for each multi-carrier scheme

In this section, we discuss various open aspects of each of the multi-carrier schemes.

2.1
Cat 4 LBT on only one unlicensed carrier

2.1.1
CW adaptation and ED threshold

The contention window to be used for performing the LBT procedure on the chosen carrier should take into account the channel and UE reporting activity on all the carriers. For example, if eNB sensing based mechanism is used to determine the contention window size then the result of eNB sensing on all the unlicensed carriers should be used to determine the window size on the carrier performing LBT. Similarly, if ACK/NACK based contention window adaptation is used, then the ACKs and NACKs reported for transmissions on all the carriers should be used to determine the window size.

On the same lines, the maximum ED threshold used on the carrier performing Cat 4 LBT and the carrier performing one shot sensing just before transmission must be the same. This is due to the fact that the ED threshold on the carrier performing Cat 4 LBT is determined based on the requirements of coexistence with WiFi nodes and good performance of the network [2]. If the eNB uses alternative mechanisms to coexist with WiFi nodes without performing any ED threshold adaptation then such a mechanism can be used on all the carriers and hence the same ED threshold (e.g. -62dBm for 23dBm transmit power on 20MHz) should be applicable to all the carriers.

2.1.2
Applicability of channel bonding

As LAA multi-carrier operation is based on the carrier aggregation framework defined in 3GPP, each carrier can operate independently of each other and hence the channel bonding rule should not be applicable for LAA. However, to moderate the use of performing Cat 4 LBT on one unlicensed carrier, the following parameters can be defined 

1. Maximum number of carriers (performing one shot sensing) that can be associated with a carrier performing Cat 4 LBT

2. Maximum frequency separation between carriers grouped in such a fashion.

2.1.3
Changing the carrier performing Cat 4 LBT

In principle, the carrier performing Cat 4 LBT can be different for each TXOP as long as the contention window size for the carrier performing Cat 4 LBT is determined jointly by the outcome on all the carriers.  However, very rapid changes in the carrier performing LBT may not be good for system operation considering the need for other nodes to adapt to fast changing conditions. Hence, we recommend that the carrier performing LBT can be changed over a time scale of several tens or hundreds of TXOPs. 

2.2
Cat 4 LBT on more than one unlicensed carriers

2.2.1
CW adaptation and ED threshold

When performing Cat 4 LBT on more than one unlicensed carrier, the contention window size and ED threshold can be determined independently on each such carrier. Mechanisms such as self-deferral can be used to synchronize the transmissions across multiple carriers.

2.3
Hybrid schemes

In a hybrid scheme, the set of carriers at a given eNB is divided into multiple groups. Within each group one of the carriers is selected to perform Cat 4 LBT while the other carriers within the group may perform one shot LBT. Thus, the eNB may have several carriers which perform Cat 4 LBT and multiple carriers performing one shot sensing associated to carriers performing Cat 4 LBT. 

A carrier belonging to multiple such groups should not be precluded. In addition, an LAA eNB may be allowed to switch from Alt1 to Alt2 and vice versa on a slow time scale spanning several tens or hundreds of TXOPs.

2.4
Multi-carrier CCA at the UE

As discussed in our companion contribution for a single carrier UL [3], the UE is generally not aware of the channel access situation at the eNB and hence it would be the responsibility of the eNB to indicate the type of channel access that must be performed at the UE. Even in a multi-carrier environment, the eNB should provide consistent indication to the UE so that it can perform LBT on multiple carriers without interference from it transmission on other carriers. 

To simplify UL LBT operation on multiple carriers, we propose that UE perform a one shot LBT just before transmission. This ensures that there is no need for a reservation signal to occupy the medium and will enable multiplexing of transmissions on several carriers within a device and also across different UEs. 
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Conclusions 

In this document, we discussed the details of multi-carrier operation for LAA DL transmission. 

Proposal

1. Both Alt1 and Alt2 are allowed for LAA DL channel access on multiple carriers. 

2. For LAA UL, perform one shot LBT on all the carriers. 
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