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Discussion and decision
1 Introduction

In the last RAN 2 meeting, the connected mode DRX was discussed based on [1]. In [1], it discusses whether there is a need to change the PDCCH subframe definition for LAA SCell for the case that the TX burst may contain both DL and a UL subframes.
In this contribution, it is further discussed whether there is a need to make such change.
2 Discussion

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 of a LAA SCell are considered PDCCH subframes since they are all DL subframes that can potentially carry PDCCH and is treated like FDD cell. In Rel-14 eLAA, it may include the case where the UL is in a different unlicensed carrier to the DL and the DL is used to schedule the UL.
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 :Assume 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. On the other hand, it can be left to the eNB to extend the active time for new transmission via scheduling on the licensed serving cell (i.e. PCell or licensed SCell) based on the LBT of the LAA SCell.
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.

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 configured with UL 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 (i.e. RRC configuration option) of Option 2 and the issue of possible mismatch between eNB and UE on the DRX timers may be minimised because of more robust delivery of RRC message. However, the TDD configuration signalled may not be up-to-date with the actual DL subframes resulting in UE being in Active time longer consuming more UE power or resulting in eNB not having enough scheduling opportunities when number of DL subframes provided are small.
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 which may not be desirable.
Based on the above, it is proposed to go with Option 3 as it allows for keeping to the existing Rel-13 behaviour (i.e. all DL subframes) as well as allowing the eNB to increase the scheduling opportunities due to UL subframes on the same frequency as the DL subframes:
Proposal: The UE is configured a reference TDD configuration (including all DL subframes as a TDD configuration) for the DRX timers counting.
3 Conclusion

This contributions analyses open aspects related to paging for NB-IoT design and proposes the following:
Proposal: The UE is configured a reference TDD configuration (including all DL subframes as a TDD configuration) for the DRX timers counting.
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