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1 Introduction

In RAN1 #78bis, high level required functionalities and design targets for “Licensed Assisted Access using LTE” were discussed. Following agreements were made:

Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
In this contribution, we discuss the potential required functionalities in support of discontinuous transmission on unlicensed spectrum for LAA. 
2 Discussion
To meet the regulatory requirements on unlicensed frequency bands, listen before talk (LBT) is required for LAA. In case of DL only transmission, eNB is required to do clear channel assessments and accessing to the channel is possible only when the channel is “empty”.  As discussed in [1], there are two types of LBT defined, i.e. frame based LBT and load based LBT. Both of them have their pros and cons which should be analyzed in LAA SI. When “UL+DL” is considered in unlicensed bands for LAA, LBT is also required at the UE side.
According to the regulatory requirements [2], the maximum transmission duration for an eNB or UE to access the channel shall be limited. As summarized in the following table, the maximum channel occupancy time can be different according to the regional requirement and type of LBT mechanism.
	Country/Region
	Channel Occupancy time
	Comment

	Europe
	Minimum 1 ms, maximum10 ms
	Frame based LBT

	Europe
	At maximum (13/32) × q ms
	Load based LBT, q is selected by the manufacturer in the range 4..32

	Japan
	At maximum 4ms
	


Targeting a global solution, the maximum channel occupancy time shall be configurable by the network, as discussed in [1]. In case of DL only transmission, the configurability of maximum channel occupancy time can be supported by controlling the periodicity and offset of the idle period. In case of DL+UL transmission, the configurability can be supported by using TDD frame structure with different UL-DL configurations.
Proposal 1: The maximum channel occupancy time for Scell in unlicensed band shall be configurable by the network.
2.1
Dynamic Scell on/off

Since the channel accessibility on unlicensed band cannot be guaranteed and the maximum channel occupancy time shall be limited, discontinuous transmission on LAA Scell shall be supported. Dynamic cell on/off for activated Scell as discussed in Rel-12 SCE WI should be considered as a starting point. As discussed in [3], there are generally two types of dynamic small cell on/off schemes, i.e. multi-subframe level on/off and subframe level on/off. In a multi-subframe level on/off scheme, the Scell on/off status is indicated by a periodical L1 signaling, either explicitly or implicitly. For example, a DCI can be used for on/off indication once every radio frame. In a subframe level on/off scheme, the Scell on/off status can be indicated by implicit or explicit ways. The implicit ways may include cross carrier scheduling from Pcell, reference signal and PDCCH/EPDCCH detection from the Scell, etc. The explicit ways may include DCI message for on/off indication from the Pcell.
As discussed in [1], two types of LBT schemes can be considered for LAA, i.e. frame-based LBT and load based-LBT, which may be dependent on the applicable on/off scheme and signaling methods

· In frame-based LBT, the channel sensing and access opportunities are periodically present, therefore multi-subframe level on/off may be considered. In such a case, the on/off granularity can be equal to the configured frame duration in frame based LBT. The on/off indication signaling can be transmitted in the 1st subframe of the frame duration such that UE is not required to buffer additional subframes on the Scell when the unlicensed channel is not accessible for LAA eNB. 
· In load-based LBT, depending on the traffic arrival and random backoff, the channel sensing and access opportunities may happen at any time. In such a case, the multi-subframe level on/off may not be applicable since channel access does not happen periodically and eNB is not able to know the channel accessibility in advance. Therefore subframe level on/off is more suitable for load based LBT. Further discussion is needed on the choice of explicit or implicit signaling methods. For example, continuous Scell buffering and blind detection is required for implicit methods, which will increase the UE power consumption.
Proposal 2: To support Scell transmission on unlicensed bands, dynamic on/off schemes and signaling methods discussed in Rel-12 SCE WI should be considered as a starting point. Detailed discussion on the on/off schemes may be dependent on the adopted LBT scheme.
2.2
HARQ enhancements

In the existing LTE releases, DL and UL HARQ processes are defined for each serving cell, which means that retransmissions shall happen on the same carrier as the initial transmission. However, since the transmission opportunities on the unlicensed carrier cannot be always guaranteed, especially considering co-existence with other systems (e.g. WIFI), the existing HARQ functionalities may not be sufficient for LAA. Once the initial transmission failed on the unlicensed frequency due to the presence of interference (e.g. due to neighbor LAA interference or neighbor WIFI interference), the eNB or UE may not be able to access the unlicensed carrier until the channel is freed. Following the existing HARQ definition, the retransmission may be delayed for quite a long time and UPT is degraded, if the unlicensed frequency is kept occupied. To reduce the HARQ latency, it can be considered to schedule the retransmission on the licensed carrier or another unlicensed carrier (considering that carrier selection can be performed). 
If the unlicensed carrier frequency is not very busy, or if the latency is not critical to some services, it can also be considered to keep the retransmission at the next access opportunity on the same unlicensed carrier especially when the licensed carrier frequency is heavily loaded. This scheme is already possible for DL by asynchronous HARQ processes. For UL transmission in unlicensed frequency, asynchronous UL HARQ should be considered.
Proposal 3: Support of cross-carrier HARQ processes and asynchronous UL HARQ should be considered in LAA.
2.4
Uplink signal transmission

In the LAA study item, scenarios with both co-located and non-co-located deployments between licensed frequency and unlicensed frequency are included. In a non-co-located scenario, uplink timing synchronization should be maintained individually for licensed and unlicensed frequency if UL transmission is supported on unlicensed frequency. Therefore random access procedures should be supported on the unlicensed frequency.  Considering that unlicensed frequency is mainly used for small cells, existing PRACH preamble format 4 in TDD can be reused. Following ETSI regulations, PRACH preamble format 4 can be transmitted in UpPTS without LBT since the duty cycle is sufficiently low. Further discussion is needed if LBT is required for PRACH transmissions in other regions. However, applying LBT scheme for PRACH transmission is not attractive from resource efficiency point of view.
SRS transmission is required for maintaining UL timing and facilitating eNB’s UL and DL scheduling (channel reciprocity). Hence SRS transmission should be supported on the unlicensed frequency if UL transmission is allowed. Similarly as PRACH, it should also be discussed whether LBT is required for SRS transmission.
Proposal 4: When UL transmission is supported on unlicensed frequency, PRACH and SRS transmissions on unlicensed frequency should be studied. 
3 Conclusion
In this contribution, we discuss several aspects in support of discontinuous transmissions on Scell for LAA and we have following proposals.
Proposal 1: The maximum channel occupancy time for Scell in unlicensed band shall be configurable by the network.
Proposal 2: To support Scell transmission on unlicensed bands, dynamic on/off schemes and signaling methods discussed in Rel-12 SCE WI should be considered as a starting point. Detailed discussion on the on/off schemes may be dependent on the adopted LBT scheme.
Proposal 3: Support of cross-carrier HARQ processes and asynchronous UL HARQ should be considered in LAA.

Proposal 4: when UL transmission is supported on unlicensed frequency, PRACH and SRS transmissions on unlicensed frequency should be studied. 
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