3GPP TSG RAN WG1 Meeting #82                                                                           R1-154508
Beijing, China, August 24-28, 2015
Agenda Item:
7.2.4.1
Source:
Lenovo
Title:
LBT schemes for LAA DL and UL transmission
Document for:
Discussion and decision
1 Introduction
During RAN#68 meeting, LAA WI is approved [1]. The WI would only specify support for LAA SCells operating with DL transmissions. This work item will specify LTE enhancements for a single global solution framework for LAA on the 5GHz unlicensed spectrum for low power secondary cells using carrier aggregation with the considerations of different requirements in different regions, such as regulatory transmission power limits, LBT mechanism. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA operators. The work item should only specify support for LAA SCells operating with only DL transmissions. When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.

The detailed objectives of the work item in RAN1 are to specify support for the following functionalities:

· Channel access framework including clear channel assessment

· Discontinuous transmission with limited maximum transmission duration

· UE support for carrier selection

· UE support for RRM measurements including cell identification 

· AGC, coarse and fine time and frequency synchronization

· CSI measurement, including channel and interference 
In RAN1#81 meeting, regarding the LBT, below agreements are reached:

Agreements:
· It is recommended that the agreed Category 4 based LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH
· FFS: Category 2 based LBT mechanism is also supported for LAA DL transmission bursts containing PDSCH
· Capture above only mail bullet to the TR

Agreements:
· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe

· Possibly other considerations
As mentioned above, although LAA WI phase is focused on the support for LAA SCells operating with DL only transmissions, the principles of UL channel access mechanism should be decided so that the UL for LAA SCells can be added in future release without modifications to the DL design. Therefore, in this contribution, we focus on the channel access mechanisms for both DL and UL for LAA operation in unlicensed spectrum and present our views on detailed schemes.

2 Specified LBT mechanisms for channel access
As mentioned in [2], Listen-Before-Talk (LBT) procedure is vital for fair and friendly coexistence between different LAA operators and coexistence between LAA and other wireless technologies operating in same unlicensed spectrum. LBT procedures by a node attempting to transmit on a carrier in unlicensed spectrum require the node to perform a clear channel assessment to determine if the channel is free for use. Thus, any LBT procedure involves at least energy detection to determine if the channel is being used. 

Regulatory requirements in some regions, e.g., in Europe, have specified an energy detection threshold and two channel access mechanisms, i.e. FBE (Frame Based Equipment) and LBE (Load Based Equipment). For both FBE and LBE, before starting transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check by energy detection with the CCA observation time not less than 20μs. For the equipment complying with FBE mechanism, if the detected energy level in the channel does not exceed the predefined threshold corresponding to the power level, the equipment shall consider the operating channel is clear and may start the transmission immediately; otherwise, it shall consider the operating channel is occupied and continue to perform CCA check at the end of frame period to expect another transmission opportunity. On the other hand, for the equipment complying with LBE mechanism, if the detected energy level in the operating channel does not exceed the predefined threshold corresponding to the power level, the equipment shall consider the operating channel is clear and may start the transmission immediately; otherwise, it shall start performing extended CCA (ECCA) immediately until it can grab the channel for LBE.

3 LBT for UL access
In current LTE framework, UL transmission is based on the eNB scheduling, i.e., UE behavior on any UL transmission is completely controlled by eNB in order to avoid possible intra-cell interference. For operation on unlicensed spectrum, current LTE framework should be kept in LAA WI phase. That is to say, UE’s UL transmission on LAA SCell is also based on serving eNB scheduling. 
In LAA SI phase, there have been discussions on whether UE needs to perform LBT before uplink transmission. Two alternatives have been proposed, Alt 1: eNB performs LBT for UE UL transmission, Alt 2: UE performs LBT for UL transmission. 
For Alt 1, eNB performs CCA check then transmits UL grant signaling to UE if the channel is available. In the meantime, eNB needs to occupy the channel until the UE starts its uplink transmissions. In this procedure, UE does not perform LBT before uplink transmission. However, this is against the regulatory requirements for LBT mechanisms, Moreover, due to eNB has to occupy the channel by transmitting some kind of reservation signals until UE starts UL transmission even there is no DL data needs to be delivered, it leads to low spectrum utilization and performance loss for other LAA or wireless systems which are competing the unlicensed channel. In addition, considering the possible existence of hidden nodes, the CCA check results at eNB side may be not reflect the actual interference environment at UE side.
For Alt 2, UE complies with LBT mechanism and performs LBT for UL transmission. In detail, upon reception of UL grant signaling, UE shall perform LBT before each UL transmission. If the channel is available, then UE starts its uplink transmission on the scheduled resource; otherwise, UE has to drop or suspend the UL transmission. In this sense, the UL grant signaling and the scheduled UL resource are wasted. However, the unoccupied resource may be utilized by neighboring LAA nodes or WiFi nodes. From the perspective of systems, the unoccupied resource due to failed CCA check is not wasted.
Based on the above analysis, we have below proposal.

Proposal 1: UE performs LBT before UL transmission.
Regarding the channel access mechanism for uplink, basically, LBE may have a higher channel access probability compared to FBE because LBE can start to perform CCA check at any time when the UE has data to transmit. For FBE, the main advantage is that has clear frame timing and subframe timing, which can simplify UE behaviors on UL transmission over unlicensed spectrum. Especially, FBE can support up to 10ms Frame Period so that frame based equipment with a 10ms frame structure can suit well within the LTE framework and the corresponding carrier aggregation operation for LTE LAA.

Moreover, FBE mechanism can avoid inter-UE blocking and enable UL multiplexing of multiple UEs in one subframe by FDMA or MU-MIMO by means of synchronizing UEs’ transmission from the first uplink subframe within each Frame Period. 
Additionally, for FBE in LAA UL, before PUSCH transmission, UE performs CCA check at the end of Idle Period. If the CCA check is successful, UE shall transmit immediately; otherwise, UE shall drop or suspend the PUSCH and wait for another transmission opportunity. Therefore, the reservation signal is not needed at UE side. It can further simplify UE implementation especially considering the UE’s uplink transmission should satisfy the stringent regulatory requirements that the Occupied Channel Bandwidth, defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the declared Nominal Channel Bandwidth [3, 4].
Based on the above analysis, we have below proposals.

Proposal 2: FBE is preferred for LAA UL as channel access mechanism.
4 LBT for DL access
In RAN1#80, it was agreed to classify the evaluated LBT schemes according to following categories:

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
Basically, as shown in [2], the coexistence evaluation results performed during study item phase show at least one LBT scheme for LAA that does not impact Wi-Fi more than another Wi-Fi network. Based on the evaluated scenarios, the evaluation results also show that when one of the defined channel access schemes is used, it is feasible for LAA to achieve fair coexistence with Wi-Fi, and for LAA to coexist with itself. 

For LBT category 2 (i.e., FBE-based LBT mechanism), some evaluation results show that it provides better coexistence performance for both Wi-Fi and LAA than LBE-based LBT in some scenarios. When comparing LBT category 3/4 and FBE mechanisms for LAA, LBE is more appropriate for DL transmission. This is because LBT category 3/4 has higher probability for eNB to grab the channel for DL operation and can also provide fair coexistence e.g. with WiFi. Hence, LBT category 2 is not considered for LAA DL transmission. 

In addition, since the appropriate contention window (CW) size for good coexistence would be dependent on the deployment scenarios and traffic loads, LBT category 4 is preferred than LBT category 3 due to LBT category 4 can enable variable CW size for adaptation to some extent.
Regarding the adjustment of contention window size, we think it can be based on eNB implementation by means of eNB sensing assesment in order to simplify the standization effort.
Based on the above analysis, we have below proposals.

Proposal 3: LBT category 4 is preferred for LAA DL as channel access mechanism.
5 Conclusion

In this contribution, we focus on the channel access mechanisms for LAA UL and DL in unlicensed spectrum and analyzed either eNB or UE is needed to perform CCA check for UL transmission. Based on our analysis, we have below propoals:
Proposal 1: UE performs LBT before UL transmission.
Proposal 2: FBE is preferred for LAA UL as channel access mechanism.
Proposal 3: LBT category 4 is preferred for LAA DL as channel access mechanism.
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