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1 Introduction
A new work item on enhanced LAA for LTE was approved in [1]. The objective of the work item is to specify uplink support for LAA SCell operation in unlicensed spectrum to complete downlink operation completed in Rel-13.
In this contribution we share our view about possible RAN4 RRM impacts of LAA uplink. We take into account agreements that have been made in RAN1 so far.
2 Discussion
The detailed objective of enhanced LAA includes UL carrier aggregation for LAA SCell(s) with one or more UL carriers in unlicensed band by using Frame Structure type 3. Standalone operation in unlicensed spectrum is not included. Support for PUSCH and SRS, and if needed, support for PUCCH and PRACH, will be specified. From RAN4 point of view, the objective is to specify base station and UE core (and performance) requirements of 5 GHz spectrum to support these features. Support for 10 MHz system bandwidth should also be completed for LAA SCells.
RAN4 RRM impacts due to LAA uplink will mainly be in the performance part, which begins in RAN4#80bis. The core impact on RRM requirements due to LAA uplink is going to be fairly minimal compared to LAA downlink. The main differing factor in unlicensed carriers, uplink Listen-Before-Talk (LBT), will mainly be handled in UE RF requirements. The impact of LAA uplink highly depends on RAN1 agreements.
The following agreements were made in RAN1#84 on PUSCH and SRS in eLAA:
PUSCH design
Agreements:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH
· FFS: Detailed design
· FFS: Support of legacy resource allocation for PUSCH
Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported
· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered
· Option 1) Single UL grant in a subframe for a UE can schedule N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result
· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.
Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported
· Working assumption: The minimum latency is 4ms
Agreement:
· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail

SRS design
Agreements:
· Aperiodic SRS transmission with PUSCH is supported in eLAA
· Enhancements of aperiodic SRS transmission and/or triggering are not precluded
· FFS: Aperiodic SRS transmission without PUSCH

At this point we see no major impact on RRM specifications due to these agreements or eLAA PUSCH and SRS in general. The main impacts will follow from agreements made on PRACH and PUCCH. The agreements made so far in RAN1 are as following:
PUCCH design
Agreements:
· Transmission of HARQ ACK for serving cells at licensed carriers on an LAA SCell is not supported
· Transmission of HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported
· FFS on new or existing waveform of channel for UCI transmission on unlicensed carrier
· FFS on the LBT scheme for UCI transmission
· FFS on position of UCI in a subframe

PRACH design
Agreements:
· Contention based PRACH transmission on LAA Scell is not supported in Rel-14
· Non-contention based PRACH transmission on LAA Scell is supported in Rel-14 subject to LBT
· FFS: PRACH duration up to 1msec is supported
· FFS: A UL transmission burst containing PRACH without other UL channel immediately follows a single idle observation interval of at least 25 micro sec
· FFS: new PRACH waveform

Based on the RAN1 agreements, non-contention based PRACH transmission subject to LBT, and possibly PUCCH transmission in LAA SCells will be supported in Rel-14. These have possible impacts in RAN4 RRM.
PRACH being subject to LBT in eLAA has a possible delaying impact on some RRM timing constraints. UE may not be able to send the random access preamble immediately, since LBT may block the UE from transmitting at certain time instants.
Probably the most significant open aspect to be agreed from RRM point of view is whether PUCCH SCells will be included in eLAA or not. If LAA PUCCH SCells are to be specified, the requirements agreed for LAA downlink (FS3) and general PUCCH SCells would need to be connected and combined. LBT impact would need to be taken into account for LAA PUCCH SCells. However, it is still open in RAN1 whether PUCCH SCells will be included in eLAA, so the impacts will need to be evaluated accordingly.
Additionally, RAN1 has made agreements on eLAA channel access framework and 10 MHz system bandwith:
Channel access framework
Agreements:
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Condition and restriction on when these options are used

10 MHz system bandwidth in LAA SCell
Agreements:
· LAA with a 10 MHz bandwidth shall not be used on a carrier where the absence of IEEE 802.11 technologies cannot be guaranteed on a long term basis (e.g., by level of regulation) unless additional work on channel access is agreed and completed in RAN1 to ensure fair coexistence with IEEE 802.11 technologies
· Note: No changes to the RAN1 Rel-13 specification other than channel access have been identified as being necessary at this time for operation of LAA with 10 MHz bandwidth
· Include this agreement in an LS to RAN4 and RAN2 requesting them to take this agreement into account in their specification development

These agreements mainly have impact on RF specifications. New system bandwidth will need to be included in test cases, but on RRM core part it will likely have no impact. 
All in all, RAN4 RRM impacts are very much dependent on RAN1 agreements on eLAA PRACH and PUCCH especially. With RAN1 work only having started, RAN4 needs to wait for further agreements to be able to progress on eLAA RRM requirements. 
3 Conclusion
[bookmark: _GoBack]In this contribution, we have presented a high level outlook on possible RRM impacts due to introduction of uplink in unlicensed carriers under eLAA work item. We have also collected RAN1 agreements made in RAN1#84. A summarized conclusion was, that RAN1 agreements being still in very initial phase, RAN4 is not able to do much progress on eLAA RRM requirement work at this point.
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