3GPP TSG RAN WG1 Meeting #80 

                     


               R1-150297
Athens, Greece, 9th – 13th February 2015
Agenda Item:        
7.2.3.3
Source:            
NEC 

Title:


Access and Transmission Scheme in LAA
Document for:   
Discussion
1. Introduction

In RAN1#78bis meeting, the following agreements have been reached [1]. 
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 RAN1#79, the initial co-existence evaluation has been summarized [2]. It is agreed that

Agreements:
· Companies should at least provide results with LBT for coexistence evaluations.

Therefore, it is important to study the deployment of LBT mechanism in LAA to comply with the regulation. In this contribution, we study the channel access and transmission scheme in LAA with LBT.
2. LBT regulatory requirements
Different regions have different regulatory requirements for unlicensed band operation [3]. In Europe, LBT is requested independently of whether the channel is occupied or not [4]. The channel must be checked as idle for at least 20 μs before using it. And the maximum channel occupancy time is also defined to restrict the using of the channel. The value of the maximum channel occupancy time depends on if it is frame based equipment (FBE) or load based equipment (LBE). For FBE, channel occupancy time should be less than 10ms. For LBE, channel occupancy time should be less than (13q/32) ms, where q ranges from 4 to 32 and is selected by the manufacturer. Therefore, the channel is agnostic and the legacy transmission schemes may not be applied directly in the unlicensed band. 
3. Access and transmission scheme
In LTE, frame duration is fixed as 10 milliseconds, and the minimum transmission and scheduling unit is a subframe, i.e. 1 millisecond. Therefore, if FBE is applied as in WiFi, there will be some problems. Firstly, since the frame duration is 10 milliseconds, this may be longer than the TXOP in some region. For example, in Japan, the allowed maximum channel occupancy time is 4 ms. If FBE is allowed, the frame duration is much larger than the TXOP. This may not be a global solution for LAA. Secondly, in FBE, if the channel is detected as BUSY, the whole frame will be suspended and no transmission is allowed. Compared with the transmit scheme and frame structure of WiFi, LAA may be less competitive in the unlicensed band. Therefore, the LBE will be a better option for LAA considering the TXOP and competitiveness of LAA.
Proposal 1: LBE should be supported in LAA.
However, even with LBE mechanism, due to the different time scales of LTE and WiFi frame structure, i.e., the minimum transmission scale of LTE is millisecond, and the minimum transmission scale for WiFi is tens of microseconds, there will be unequal transmission opportunities for LAA and WiFi in the unlicensed band. 

In order to co-exist with WiFi, LAA should perform LBT as in WiFi system, i.e. make CCA for at least 20 μs. However, one OFDM symbol is about 70 μs, which is much longer than 20 μs. The LAA needs to occupy the channel immediately whenever the channel is detected as IDLE, otherwise, the channel may be occupied by WiFi. Therefore, some signals, e.g. preamble, should be sent to reserve the channel. One option is to grab the channel till the beginning of next subframe, and then start the normal transmission. This scheme may cause severe waste of the TXOP time. As we discussed in the previous part, the TXOP regulation in Japan is 4ms. If the channel is detected as IDLE in the first symbol of the subframe, then the rest 13 symbols will be wasted with preambles. There will be almost 25% overhead in the TXOP time in this extreme case. 
To reduce the overhead, it is better to make full usage of the rest symbols in the subframe. Therefore, the other option is to grab the channel till the next symbol and transmit control information and/or data information in the remaining available symbols in the first available subframe. To this end, the LAA should be able to start transmission at any symbol of a subframe. In the special subframe of the TDD system, the transmission that is smaller than a subframe has already been supported [5]. Thus we can follow a similar scheme to realize the fractional subframe transmission in LAA. The only difference is that, the available symbols in the special subframe are known, while the available symbols in the LAA are unknown due to the uncertainty of the channel. Therefore, the scheduling of the fractional subframe in LAA needs to be carefully studied.
From the discussion above, in order to make LAA achieve relatively the same competitive strength as WiFi, we should enable transmission in the time of duration that is smaller than a subframe, i.e. a fractional subframe.

Proposal 2:  Transmission that is smaller than a subframe should be supported in LAA.
4. Conclusion

In this contribution, we discussed the access and transmission scheme in LAA.  From the discussion we propose that: 

Proposal 1: LBE should be supported in LAA.
Proposal 2: Transmission that is smaller than a subframe should be supported in LAA.
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