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1 Introduction

A simple definition of a transmission burst was agreed in the study item phase and has been captured in 3GPP TR 36.889 [1] as follows:  
A transmission burst on the DL and UL is defined as follows.

-
Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.

-
Each UL transmission burst from a UE perspective is a continuous transmission from a UE with no transmission immediately before or after from the same UE on the same CC.

Note that the UL transmission burst is defined from a UE perspective and this does not preclude the possibility of defining a UL transmission burst from an eNB perspective.

In case of an eNB operating DL+UL LAA over the same unlicensed carrier, DL transmission burst(s) and UL transmission burst(s) on LAA can be scheduled in a TDM manner over the same unlicensed carrier. Any instant in time can be part of a DL transmission burst or an UL transmission burst.
In this contribution, we discuss the need to clarify the minimum transmission burst duration as well as the need for control signalling informing UE the duration of a transmission burst. Both issues were discussed during the study item phase without reaching concrete conclusions. 
2 LAA transmission burst structure
2.1 Minimum LAA transmission burst duration 
The minimum DL/UL transmission burst duration was not defined in the TR, although two options were discussed in RAN1#80bis (Belgrade) (without resulting in an agreement):  

· Each LAA DL data burst is a series of contiguously transmitted OFDM symbols containing at least one of PDSCH/EPDCCH/PDCCH/PCFICH

· Option 1: A DL data burst contains at least one full subframe

· Option 2: A DL data burst may be shorter than one subframe
When a partial subframe is transmitted as part of the DL data burst, Option 1 means that a DL data burst contains a partial subframe plus a full subframe; whereas Option 2 means that the partial subframe can make up the entire DL transmission burst. Alternative definitions for the two options which was brought up during online/offline discussions are:
· Each LAA DL data burst is a series of contiguously transmitted OFDM symbols containing at least one of PDSCH/EPDCCH/PDCCH/PCFICH

· Option 1A: A DL data burst contains at least one milliseconds
· Option 2A: A DL data burst may be shorter than one milliseconds
Compared to the original definitions, the alternative set of definitions allows the possibility of a transmission burst with only two consecutive partial subframes (one starting partial subframe, immediately followed by one ending partial subframe).

In our view, it should be further discussed what can be the minimum duration of a DL data burst. One advantage with clear definition is that it at least clarifies correct UE assumption on the presence of common reference signals (CRS).  For example, assume the UE is to receive PDSCH in starting partial subframe, the UE may assume the presence of CRS in the partial subframe. However, the number of CRS samples is reduced depending on the duration of partial subframe. For instance, 50% of CRS samples are not available in a subframe if the partial subframe duration is only one slot. In this case it can be beneficial for the UE to know if CRS is available in the next subframe. If they are available by definition of a burst (i.e. Option 1/1A), the UE can utilize them (need only wait for the first CRS OFDM symbol or the first two CRS OFDM symbols) to improve fine synchronization (and channel estimation via interpolation for CRS-based transmission scheme) before PDSCH demodulation of partial subframe; else (Option 2/2A), the UE has to make do with using only the minimum CRS samples for synchronization (and channel estimation) in the partial subframe.  The issue is illustrated in Figure 1.
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In previous releases, the UE knows with certainty the presence/absence of CRS in every subframe depending on e.g. MBSFN config, TDD config (Rel-8-12), SCell activation/deactivation state (Rel-12). Based on this, the UE can know which CRS samples are available for synchronization or for performing interpolation across subframes for channel estimation. It would be beneficial to keep clear definition for LAA.
Proposal 1: The minimum DL data burst duration should be clarified from the UE’s perspective. It defines the minimum set of CRS samples available for fine synchronization and channel estimation purpose.
Based on our analyses on the LAA synchronization issues in [4], our proposal for the minimum DL data burst duration is as follows.

Proposal 2: If partial subframe is not transmitted, the minimum DL data burst duration is 1 subframe. If partial subframe is transmitted, the minimum DL data burst duration is 1 partial subframe plus 1 subframe.

2.2 Control signalling on transmission burst structure
The need for indicating some information regarding the present or incoming transmission burst (e.g. DL or UL, and duration) was also discussed during the study item phase, e.g. in [2]. There are two basic alternatives: 
Alternative 1: Indication based on scheduling DCI. 
· If PDCCH/EPDCCH is detected in subframe n, subframe n is DL. If UL grant is detected in subframe n, subframe n+4 (or a set subframes (n+4 to n+4+K)) is UL
Alternative 2: Explicit common signalling of the transmission burst type (DL or UL) and duration of a transmission burst, either semi-statically or dynamically per transmission burst
Although Alternative 1 appears simple, there are significant advantages for Alternative 2 especially for UE: 
· UE can avoid the need to monitor PDCCH/EPDCCH in every subframe as UE doesn’t need to monitor for PDCCH/EPDCCH for indicated non-DL subframes. This provides UE power saving and minimize false alarm of PDCCH/EPDCCH detection, which is significant particularly for a large number of carriers (up to 31 carriers as per eCA WI).
· UE doesn’t need to blindly detect DL transmission continuously (by detecting initial signal). Again, avoiding the need to perform this for non-DL subframes can save UE power and minimize false alarm which scales with the number of carriers.
· UE can determine presence of CSI-RS in indicated DL subframes for CSI measurement (according to CSI-RS configuration (either aperiodic or periodic CSI-RS)) without the need to blindly detect it (it is preferable to avoid the need to blindly detect CSI-RS presence).

· UE can determine presence of CSI-RS in indicated DL subframes for CSI measurement (according to CSI-RS configuration (either aperiodic or periodic CSI-RS)) without the need for DCI (scheduling a downlink assignment or an UL grant or to send CSI request trigger). This saves PDCCH/EPDCCH capacity.
Proposal 3: Explicit common signalling of the present or incoming transmission burst type (DL or UL) and duration of a transmission burst to the UE should be considered.
3 Conclusions
In this contribution, we discussed further issues of transmission burst. Our proposals are summarized below.
Proposal 1: The minimum DL data burst duration should be clarified from the UE’s perspective. It defines the minimum set of CRS samples available for fine synchronization and channel estimation purpose.
Proposal 2: If partial subframe is not transmitted, the minimum DL data burst duration is 1 subframe. If partial subframe is transmitted, the minimum DL data burst duration is 1 partial subframe plus 1 subframe.
Proposal 3: Explicit signalling of the present or incoming transmission burst type (DL or UL) and duration of a transmission burst to the UE should be considered.
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Figure � SEQ Figure \* ARABIC �1�: UE assumption of CRS availability is unclear if the minimum transmission burst duration is unclear
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