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1. Introduction
The Study Item “Study on Licensed-Assisted Access using LTE” [1] aimed at determining a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. A subsequent WI, “Work Item on Licensed-Assisted Access to Unlicensed Spectrum” [2] was approved at RAN#68 in June 2015. 
Although the approved WI on LAA only specifies support for LAA SCells operating with only DL transmissions, the UL functionality to be introduced later need to be taken into account as well. This is captured in the approved WID [2] in the following way: 
· ”When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.” 
In this contribution we discuss signalling needs to support forward compatible DL/UL operation.
2. Indication of DL/UL transmission burst
From UE operation point of view, there are lots of similarities between the following two scenarios:
· LTE LAA: eNB is in DTX, i.e. not transmitting certain DL subframe(s) since LBT has prevented transmission
· Rel-12 eIMTA: eNB is in DTX during flexible subframe(s), i.e. not transmitting certain DL subframe(s) since it has assigned those subframe(s) for UL
In the following we take eIMTA solution as a reference solution for transmission burst indication and consider the impact of LAA specific issues such as LBT in more details.
UL-DL reconfiguration indication defined in Rel-12 eIMTA conveys an information on the dynamically selected UL-DL configuration, which has an impact on UEs (E)PDCCH blind detection, CSI measurements and SRS transmission for the UEs configured to eIMTA mode. Explicit signalling conveyed via PCell is always sent at least three subframes before the first impacted (flexible) subframe within a radio frame. 
(E)PDCCH blind detection:
UL-DL reconfiguration indication in Rel-12 eIMTA aids (E)PDCCH blind decoding. UE shall monitor the non-DRX DL subframes or special subframes according to the UL-DL configuration indicated by L1 signaling. The benefit of the signalling is that UE can avoid monitoring DL in UL subframes. 
It is noted that Rel-13 LAA supports only DL operation, which means that each subframe can be seen as a potential DL subframe. Hence, the room for reducing UE’s PDCCH/EPDCCH monitoring burden is quite limited looking at the Rel- 13 scenario only. However, providing signalling support already in Rel-13 would allow (E)PDCCH blind decoding reduction also for Rel-13 UEs operating at the beyond Rel-13 DL/UL scenarios. 
UL-DL reconfiguration indication defined in Rel-12 eIMTA cannot be used as such in LTE LAA scenario. First of all, LTE LAA operation does not require predefined UL-DL configurations [5]. Furthermore, eNodeB’s LBT/discontinuous transmission can be much more dynamic, which means that requirements for such time critical L1 signaling are very tight, e.g. in terms of periodicity and reliability. This would increase the DCI overhead and UE complexity considerably compared to Rel-12 eIMTA solution.
CSI measurements:
One of the functions of UL-DL reconfiguration indication in Rel-12 eIMTA is to aid CSI measurement. UE shall measure CSI only within the subframes indicated as DL subframes or special subframe by the explicit L1 signaling of reconfiguration. 
Obviously, such dynamic signaling would help also LAA DL operation. However, as discussed in [4], CSI measurement can be made also without such signaling. For example, it is possible that UE does not take eNodeB’s LBT/discontinuous transmission into account in CSI measurements and reporting. Provided that the UE does not average CSI measurements across subframes, CSI measurement performed at times when RS were not present will likely result in the UE reporting an “out-of-range” CQI that the network can easily ignore. 
Based on the discussion above, we note that explicit signaling indicating DL/UL burst would have clear benefits. However, taking into account that (1) Rel-13 specifies only LAA DL operation, and (2) due to LBT, requirements for explicit L1 signaling are very tight, we propose that Rel-13 LAA DL should support operation with does not require explicit L1 signaling indicating DL(/UL) transmission burst. This type of operation is needed also to ensure proper fallback operation in the absence of such signaling (e.g. in the case when UE did not receive such signaling correctly, or returns from DTX). If justified by benefits, explicit signaling can be defined also in Rel-14 when LAA UL functionality is specified and completed. 
Proposal #1: Rel-13 LAA DL should support operation, which does not require or rely on explicit L1 signaling indicating DL(/UL) transmission bursts.
2. Indicating last subframe in the DL transmission burst
In order to maximize the length of DL transmission bursts within the limitations given by regulator, there is a need to consider DL subframe shortened from the end. This is the last subframe in the DL transmission burst (see Figure 1) and functionally it is similar to DwPTS of Frame Structure 2.
[image: image1.emf]DL Tx burst 

… …

1st fractional subframe 

Regular DL subframe

Last fractional subframe (DwPTS)


Figure 1. Example of DL transmission burst.
The length of a potential last fractional subframe (DwPTS) needs to be known by the UE. This can be configured semi-statically via higher layer signalling. 

When eNB schedules a fractional subframe (DwPTS) to the UE, the UE needs to be aware that PDSCH is transmitted via a fractional subframe, instead of a regular DL subframe. There are two different ways to convey this information to the UE:

· Option 1: The indication is part of explicit L1 signaling indicating the properties of DL(/UL) transmission burst. 
· Option 2: The indication is part of DCI contents used to schedule PDSCH on the LAA Scell. 
Both options have their pros and cons. However, as discussed in Section 2, Rel-13 LAA DL should support operation, which does not require explicit L1 signaling indicating DL(/UL) transmission burst. This would mean that Option 2 is the only way to make it when explicit signaling is not available.   
Proposal #2: Consider including a dynamic indicator into the DL assignment to differentiate between a subframe with DwPTS with a predefined length and regular a DL subframe.
3. Summary
In this contribution we have discussed signaling needs to support forward compatible DL/UL operation. Based on the discussion we make the following proposals:
Proposal #1: Rel-13 LAA DL should support operation, which does not require or rely on explicit L1 signaling indicating DL(/UL) transmission bursts.
Proposal #2: Consider including a dynamic indicator into the DL assignment to differentiate between a subframe with DwPTS with a predefined length and regular a DL subframe.
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