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Discussion and decision
1 Introduction

In RAN#70, a new work item is approved to complete UL access scheme in addition to the already defined DL access scheme:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
In this contribution, the following user plane aspects are discussed:
· UL HARQ

· Connected mode DRX

2 Discussion

2.1 UL HARQ

Asynchronous and adaptive HARQ is recommended to be used for LAA UL in the TR [1] due to unpredictable delay of LBT in the eNB and UE. RAN 2 should confirm that asynchronous and adaptive HARQ is also used for the UL. The impact to the MAC specification is probably minimum since it has already been introduced in Rel-13 eMTC work item.
Like DL SCH retransmission, UL SCH HARQ retransmission should also be maintained on the same LAA carrier. There is no need to investigate further the moving of UL SCH HARQ retransmission on another carrier.
Proposal#1: Confirm that asynchronous and adaptive HARQ should be used for LAA UL SCell instead of synchronous and non-adaptive HARQ. UL SCH retransmission should be maintained on the same LAA carrier as the DL SCH transmission.
Although in the legacy LTE, there is no case where the initial transmission is not transmitted upon the reception of grant, the retransmission can be skipped in special case e.g. measurement gap. In this case, the UE stores data in HARQ buffer and wait for the adaptive retransmission. Similar to LTE, if the channel is busy upon LBT and hence the UE cannot send uplink data, the UE should keep the generated MAC PDU in corresponding HARQ buffer and waiting for next retransmission opportunity. The eNB should send another grant for retransmission in case of asynchronous HARQ rather than a new transmission.

Proposal#2: The UE keeps data in HARQ buffer and wait for the next retransmission if the channel is busy upon LBT.  
2.2 Connected mode DRX

Like in adaptive DL asynchronous HARQ: 

· Once the UE receives a UL grant, it will start a UL HARQ RTT timer per HARQ process at the subframe where the PUSCH transmission associated with the UL grant occurs. (which allow the UE to sleep if there is no need to monitor PDCCH for other reasons) 

· At expiry, the UE will start the UL drxRetransmissionTimer per HARQ process. During this active time period, the eNB can provide UL grant for the retransmission for the HARQ process.

The UL HARQ RTT timer and UL drxRetransmissionTimer per UL HARQ process  have been introduced for eMTC and thus the impact to MAC specification is also minimal.
Proposal#3: Reuse the UL HARQ RTT timer and UL drxRetransmissionTimer per UL HARQ process for the UL LAA as introduced in eMTC.
In DRX, the DRX timers such as the OnDurationTimer, DRXInactivityTimer and DRXRetransmissionTimer are based on counting PDCCH subframes. PDCCH subframes are defined in TS36.321 as follow:

PDCCH-subframe: Refers to a subframe with PDCCH. For a MAC entity not configured with any TDD serving cell(s), this represents any subframe; for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
In Rel-13 LAA, all subframes are considered PDCCH subframes since they are all DL subframes that can potentially carry PDCCH and is treated like FDD cell. In the case the UL LAA SCell sharing the same unlicensed carrier as the DL LAA SCell (i.e. TDD type of configuration as in [2]), the ratio of the DL and UL subframes of a transmission burst is quite likely dynamically indicated in the Common PDCCH. There is a need to know in such case how to decide on the DL subframes for a LAA SCell. The following options are possible:
Option 1: All subframes in the LAA SCell are still considered as DL subframes as in Rel-13 LAA
Option 2: Actual DL subframes indicated by Common PDCCH 
Option 3 :Assuming a DL and UL pattern for a TX burst as a reference TDD configuration

Option 4: No DL subframes in the LAA SCell 

Option 1 assumes the LAA SCell as a FDD cell like in Rel-13 LAA while Option 2, 3 and 4 are considering the LAA SCell as a TDD cell.
For Option 1 if LAA SCell self-scheduled is aggregated with only FDD cells or with TDD cells, based on the current definition of PDCCH subframes, all the subframes are considered PDCCH subframes. One downside is that the scheduling opportunities for the eNB will be very limited when aggregating with TDD cells if LAA SCell carrier is quite busy.
For Option 2, 3 and 4 if LAA SCell self-scheduled is aggregated with TDD cells, based on the current definition of PDCCH subframes, the PDCCH subframes are the union of the DL subframes over all serving cells which are not cross-carrier scheduled. This will provide more scheduling opportunities for the eNB in comparison to Option 1.

Hence it is proposed that LAA SCell with UL and DL sharing the same unlicensed carrier which is self-scheduled should be considered as TDD serving cell in the PDCCH subframe definition (i.e. for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8]) .

Proposal#4: LAA SCell with UL and DL sharing the same unlicensed carrier should be considered as TDD serving cell in the PDCCH subframe definition
With the existing option (i.e. Option 1) limiting the scheduling opportunities, it may be worth analysing among remaining Options 2 to 4 which should be considered as DL subframes for LAA SCell, particularly for the case that the same carrier is used for UL and DL (i.e. TDD type of configuration for LAA SCell supporting UL).

Option 2 is based on the indication of DL subframes in the common PDCCH. Currently, common PDCCH indicates whether the next subframe is a DL subframe. This provides the most accurate picture of the DL subframes of the LAA SCell. If no common PDCCH is decoded (i.e. due to LBT) in a subframe, it considers the subframe as not a DL subframe. However it may be difficult for the UE to differentiate whether no detection is because of LBT or because of poor radio condition and PDCCH error may also occur. It may result in mismatch between the eNB and UE on the DRX timers.
Option 3 is assuming a TDD configuration for the LAA SCell and this TDD configuration can be reconfigured per UE or all UEs and is based on the traffic load of the LAA SCell. Option 3 can be seen to be a semi-static option of Option 2 and the issue of possible mismatch between eNB and UE on the DRX timers.
Option 4 is to not consider the DL subframes in the LAA SCell in the PDCCH subframe definition and only the licensed serving cells are considered. This may result in UE being in Active time longer than is required resulting more UE power consumption.
Proposal #5: If Proposal#4 is agreed, discuss how to determine a subframe to be a DL subframe for a LAA SCell with UL and DL sharing the same unlicensed carrier among the following options:

Option 2: Based on Common PDCCH on whether a subframe is a DL subframe

Option 3 :Assuming a DL and UL pattern for a TX burst as a reference TDD configuration

Option 4: No DL subframes in the LAA SCell 

3 Conclusion

This contributions analyses open aspects related to paging for NB-IoT design and proposes the following:
Proposal#1: Confirm that asynchronous and adaptive HARQ should be used for LAA UL SCell. UL SCH retransmission should be on the same LAA carrier as the UL SCH transmission.
Proposal#2: The UE keeps data in HARQ buffer and wait for the next retransmission if the channel is busy upon LBT.  
Proposal#3: Reuse the UL HARQ RTT timer and UL drxRetransmissionTimer per UL HARQ process for the UL as introduced in eMTC.
Proposal#4: LAA SCell with UL and DL sharing the same unlicensed carrier should be considered as TDD serving cell in the PDCCH subframe definition
Proposal #5: If Proposal#4 is agreed, discuss how to determine a subframe to be a DL subframe for a LAA SCell with UL and DL sharing the same unlicensed carrier among the following options:

Option 2: Based on Common PDCCH on whether a subframe is a DL subframe

Option 3 :Assuming a DL and UL pattern for a TX burst as a reference TDD configuration

Option 4: No DL subframes in the LAA SCell 

4 References
[1] TR36.889 Study on Licensed-Assisted Access to Unlicensed Spectrum
[2] R2-16xxxx, RRC considerations of UL LAA, Intel Corporation 
