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1 Introduction
The new Rel-13 WI: LAA using LTE got approved at RAN#68 in [1] and comprehensive technical findings have been captured in [2]. In this contribution, we shall focus on LAA data transmission aspects for LAA Scells and make the proceeding proposals.
2 Discussion
In the much broader 5GHz unlicensed spectrum, there are many potential unlicensed radio resources for operators’ use by means of LAA technique, and it has been confirmed that the legacy licensed CA framework, e.g. the data scheduling and transmission means for licensed Pcell/Scells should be reused for LAA Scells as much as possible.

Due to LBT requirement, the LAA contention/transmission node has to perform (e)CCA at first, in order to acquire the unlicensed resources in LAA Scells. Upon success of (e)CCA, the LAA transmission can be normally started with some initial signals for the purposes of e.g. time/frequency synchronization, AGC tuning and indicating frequency reuse etc, but the real LAA data transmission with PDSCH(s) can only be started at particular late timing point. See Figure 1 illustration below, 
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Figure 1: three different parts in LAA data transmission
If we take the conditions “normal CP, very simple CCA procedure and Maximum COT: 4ms” for example, the whole LAA data transmission burst consists of three different parts:

Part 1: The beginning few OFDM symbols aligned with Pcell’s timing correspond to the “Type 2 fractional subframe”, and this part needs special scheduling and transmission up to RAN1 study.

Part 2: The middle few complete subframes correspond to the normal LTE subframes, and this part needs no special handling.

Part 3: The last few OFDM symbols aligned with Pcell’s timing correspond to the “Type 1 fractional subframe”, and this part can reuse the scheduling and transmission methods inherited from TDD DwPTS special subframe.

The duration of Part 1: “Type 2 fractional subframe” can range from 1 to 13 OFDM symbols, if the actual Part 1 only contains small number of OFDM symbols, the actual LAA data transmission with PDSCH(s) may not be justified, but it can be used for LAA non-data transmission, e.g. initial signal, DRS; otherwise Part 1 should be used for LAA data transmission so as to increase the unlicensed resource efficiency.

Proposal 1: To discuss whether the part 1 for LAA data transmission can be omitted when the number of actual available OFDM symbols in part 1 is below certain configured threshold.
If the actual COT duration is short, e.g. 1ms, then the Part 1 means significant for LAA data transmission with PDSCH(s), so should not be omitted; otherwise Part 1 may be omitted as well, in order to save the LAA scheduling&(re)transmission and reception&feedbacks efforts.
Proposal 2: To discuss whether the part 1 for LAA data transmission can be omitted when the actual COT duration is above certain configured threshold.
As indicated in WI [1], the SDL mode of LAA data transmission is to be specified in Rel-13, while the design of UL+DL mode should be compatible with SDL mode. For LAA UL data transmission, it is still under discussion whether and how UE performs (e)CCA before real UL data transmission. See Figure 2 illustration below,

[image: image2.emf]D (or reserved) D (or reserved)

n-1 n

D (or reserved)

 n+1

D (or reserved) D (or reserved)

n+2 n+3

PUSCH

 n+4

PUSCH PUSCH

DL/UL Switching + 

UE based LBT

eNB based LBT + 

initial signals


Figure 2: UL+DL mode of LAA data transmission with self-scheduling
If we take the conditions “eNB based LBT and self-scheduling for LAA DL data transmission, UE based LBT and self-scheduling for LAA UL data transmission, and Maximum COT: 8ms” for example, since the PUSCH subframe still follows the 4ms delay with its corresponding (E)PDCCH scheduling, hence the LAA DL data transmission normally occurs at the beginning few subframes per transmission burst while the LAA UL data transmission normally occurs at the last few subframes per transmission burst. It is worth noting that on one side, if UE based LBT (it can be different and simpler than eNB based LBT) is mandated but failed due to its local radio interferences, then one or more subframes for PUSCH in the same transmission burst shall be wasted, which leads to inefficient usage of unlicensed resource; on the other side, if UE based LBT is exempted (probably allowed in some region), UE may cause undesired interferences to its neighbour nodes, which also degrades the efficiency of unlicensed resource usage and radio link robustness. This implies that eNB should be smart at commanding UE whether and how UE based LBT shall be performed; and eNB should also be smart at splitting the ratio of DL/UL subframes dynamically per transmission burst. E.g. when eNB realizes that there is heavy interferences around UE, then all subframes in transmission burst should be used for LAA DL data transmission, otherwise dynamic number of subframes can be used for LAA UL data transmission. Above observations hold true also for cross-scheduling, where the scheduling info in (E)PDCCH does not come from the same transmission burst.
Proposal 3: To confirm by RAN1 whether the subframe resources per transmission burst can be dynamically split between LAA DL data transmission and LAA UL data transmission.
Due to at least 4ms delay between (E)PDCCH UL grant and corresponding PUSCH subframe, it is impossible to do UL self-scheduling in the case of COT <= 4ms, where cross-scheduling must be used instead. See Figure 3 illustration below,
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Figure 3: UL+DL mode of LAA data transmission with cross-scheduling
In this case, the (E)PDCCH UL grant info is conveyed in Pcell’s subframes, and eNB and/or UE should perform and successfully pass LBT procedure ahead, so that 4ms later the LAA resources for transmission burst can get ready for PUSCHs, otherwise the (E)PDCCH scheduling effort may be wasted. If there is only DL initial or reservation signals but no real LAA DL data transmission before LAA UL data transmission as shown in Figure 3, it is more like kind of SUL (supplementing uplink) mode of LAA data transmission. This implies that UL+DL mode of LAA data transmission does not necessarily mean that there is always both PDSCH and PUSCH subframes per transmission burst, it also means that some transmission bursts may contain only PDSCH subframes and some contain only PUSCH subframes and others contain both PDSCH and PUSCH subframes.
Proposal 4: To confirm by RAN1 that there are three basic types of transmission bursts, containing only PDSCH subframes, or only PUSCH subframes, or both PDSCH and PUSCH subframes respectively.

3 Conclusion

In this contribution, we discussed some LAA data transmission aspects, in order to achieve better high layer understanding. RAN2 is kindly asked to consider following proposals:
Proposal 1: To discuss whether the part 1 for LAA data transmission can be omitted when the number of actual available OFDM symbols in part 1 is below certain configured threshold.
Proposal 2: To discuss whether the part 1 for LAA data transmission can be omitted when the actual COT duration is above certain configured threshold.

Proposal 3: To confirm by RAN1 whether the subframe resources per transmission burst can be dynamically split between LAA DL data transmission and LAA UL data transmission.
Proposal 4: To confirm by RAN1 that there are three basic types of transmission bursts, containing only PDSCH subframes, or only PUSCH subframes, or both PDSCH and PUSCH subframes respectively.
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