3GPP TSG RAN WG1 Meeting #82bis                                                                                 R1-156035
Malmö, Sweden, 5th – 9th October 2015
Source: 
Ericsson

Title:
On Framework and Parameters for Category-4 LBT for DL-only LAA
Agenda Item:
7.2.3.1
Document for:
Discussion and Decision
1 Introduction
The study item for LAA recommended the adoption of a category 4 LBT for downlink transmissions containing PDSCH [1]. Good progress on the overall framework and choices of parameters for LAA DL category 4 LBT has been achieved during the last RAN1 meeting [2] as well as the follow-up email discussions. This contribution provides a summary of our view on the remaining aspects that are needed to be concluded. The LBT framework for DRS without PDSCH is addressed in a companion contribution [3].
2 Discussion on LBT parameters and procedures
The LAA SI TR recommends that a category 4-based LBT procedure with variable contention window and defer periods is the baseline at least for LAA DL transmission bursts containing PDSCH [1]. 
We have discussed the LAA multi-channel operation in our companion contribution [4] and concluded to propose the following based on our investigations:
Proposal 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.

· The eNB  can change the carrier requiring Cat-4 based LBT dynamically
· No channel bonding restrictions are imposed.
· Energy detection threshold used on channels not performing Cat-4 based LBT is  -62 dBm

Proposal 2:

· For multi-Carrier LBT on a group carriers Alt2
· 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

Proposal 3:

· LAA supports multi-Carrier LBT Alt1 and Alt2 for on a group of carriers.
The details of CW adaptation in category 4-based DL LBT are addressed next. A significant number of sources that evaluated category 4 LBT schemes in the SI adopted CW adaptation with exponential backoff.  Based on the view that using common parameters across LAA and Wi-Fi can be considered beneficial when LAA performance is not compromised, the following is proposed.
Proposal 4: 

· CW size adaptation in category 4-based DL LBT follows dynamic exponential backoff.
The trigger for doubling the CW size in the SI evaluations was based on the HARQ NACK feedback values that had not been previously used for CW adaptation. The good coexistence results shown under these assumptions across a wide range of traffic loads and scenarios indicate that this is the preferred configuration for CW adaptation for a category 4 LBT scheme. Other alternatives for triggering CW size adaptation, such as based on eNB sensing, have not been rigorously tested to the same extent and thus should not be given further consideration at this stage. Moreover as discussed in [5] among the considered options for the CW size adaptation based on HARQ-ACK feedbacks, the following option is preferable for good coexistence and performance as well as its simplicity, robustness and alignment with IEEE 802.11 corresponding mechanism.
Proposal 5: 
· The trigger for CW adaptation is based on the latest received HARQ ACK/NACK feedback which has not already been used to adapt the CW.

For the case of multi-channel DL LBT, the following CW adaptation approaches are clarified.
Proposal 6:

· For multi-Channel LBT, Contention window for each carrier is tracked separately based on the HARQ feedback for each carrier. 
Multiple LBT priority classes should be defined for LAA in order to provide priority access to the medium for voice and video traffic for example, which is similar to the EDCA mechanism in Wi-Fi. When multiple DL LBT priority classes are in use by LAA, the following framework is proposed to facilitate QoS differentiation:

Proposal 7: 

· A category 4 LBT priority class is defined by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period (n in Table below where the smaller the LBT priority class number, the higher the priority).
· In Rel13 for a DL burst transmission containing PDSCH, an LAA SCell operates with a single category 4 LBT priority class at a time when performing random backoff.
· Best effort traffic shall not use an LBT priority class with higher priority than the LBT priority class 3. 
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· If an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.
· FFS if more LBT priority classes are needed.
· Inform RAN2 to map QoS classes to the LBT priority classes
· FFS on the LBT priority class for UL grant only transmission
For the case of multiplexing data traffic in a DL transmission burst with different Cat-4 LBT parameters, we propose the following for handling the CW adaptation:

Proposal 8:

· The LBT parameters corresponding to each type of traffic can be updated independently but a common trigger for adjusting the CW can be considered.
To summarize this contribution, the final proposal is to adopt a category 4 LBT procedure for DL transmission that takes into account all of the above proposals and clarifications.
Proposal 9: 
· A category 4 LBT procedure with the above parameters and clarifications is adopted for LAA DL transmissions containing PDSCH.

3 Conclusion

This contribution discussed the overall framework and remaining issues for parameter setting of category 4 DL LBT in LAA. The following proposals were made.
Proposal 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.

· The eNB  can change the carrier requiring Cat-4 based LBT dynamically
· No channel bonding restrictions are imposed.
· Energy detection threshold used on channels not performing Cat-4 based LBT is  -62 dBm

Proposal 2:

· For multi-Carrier LBT on a group carriers Alt2
· 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

Proposal 3:

· LAA supports multi-Carrier LBT Alt1 and Alt2 for on a group of carriers.
Proposal 4: 

· CW size adaptation in category 4-based DL LBT follows dynamic exponential backoff.
Proposal 5: 

· The trigger for CW adaptation is based on the latest received HARQ ACK/NACK feedback which has not already been used to adapt the CW.
Proposal 6:

· For multi-Channel LBT, Contention window for each carrier is tracked separately based on the HARQ feedback for each carrier.
Proposal 7:
· A category 4 LBT priority class is defined by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period (n in Table below where the smaller the LBT priority class number, the higher the priority).
· In Rel13 for a DL burst transmission containing PDSCH, an LAA SCell operates with a single category 4 LBT priority class at a time when performing random backoff.
· Best effort traffic shall not use an LBT priority class with higher priority than the LBT priority class 3. 
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· If an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.
· FFS if more LBT priority classes are needed.
· Inform RAN2 to map QoS classes to the LBT priority classes
· FFS on the LBT priority class for UL grant only transmission
Proposal 8:

· The LBT parameters corresponding to each type of traffic can be updated independently but a common trigger for adjusting the CW can be considered.
Proposal 9: 
· A category 4 LBT procedure with the above parameters and clarifications is adopted for LAA DL transmissions containing PDSCH.
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