3GPP TSG RAN WG1 Meeting #79 

                     


               R1-144866
San Francisco, USA, 17th -21th November 2014
Agenda Item:        
6.3.2.2
Source:            
NEC 

Title:


Impact of LBT regulation on LAA
Document for:   
Discussion
1. Introduction

In RAN 65 meeting, the study item of Licensee-Assisted Access (LAA) using LTE has been approved [1]. 
· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band. [RAN1].
In RAN1 #78bis, required functionalities for LAA have been discussed. The agreement is that DFS, LBT, TPC, maximum transmission duration, and carrier selection should be considered in LAA, although not all of them may have spec impact or would be mandatory for all LAA eNBs/UEs [2]. In this contribution, we study the impact of LBT regulation on LAA.
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. 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), 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. In the following section, we will discuss the control signalling and reference signal transmission and the channel occupancy time in LAA.
3. Impact of LBT on LAA
1.1. Control signaling 

In LAA, since the availability of the channel in unlicensed band is not predictable, the control signaling transmission should be reconsidered. In order to guarantee the transmission in unlicensed band, the control signaling should be properly transmitted between eNBs and UEs. Since the unlicensed band transmission is assisted by the licensed band, one option is to transmit the control signaling in licensed band. We can reuse the existing CA schemes as much as possible. The other option is to transmit the control signaling in unlicensed band, but give higher priority to the control channel when competing for the operating channel.
Proposal 1: As to control signaling transmission, consider following two options:
· Option 1: Transmit control channel in licensed band and reuse the existing CA schemes as much as possible. 
· Option 2: Transmit control channel in unlicensed band, but give control channel higher priority when competing for the operating channel.
1.2. CRS and CSI-RS
Since CRS and CSI-RS are used to measure RSRP, RSRQ and CSI, they must be transmitted in unlicensed band. However, due to the uncertainty of the channel and the occupancy restriction, we can no longer transmit these signals in the same way as in legacy system. The eNB needs to perform CCA before every CRS/CSI-RS transmission. It may or may not transmit the CRS/CSI-RS depending on the channel status. The reference signals are transmitted only when the channel is detected as “IDLE”. To minimize the impact of the channel uncertainty, we may use periodical reference signal transmission or opportunistic reference signal transmission. 
When the channel changes slowly, e.g. indoor scenario, or channel is easy to obtain, e.g. sparse deployment scenario, we can transmit the reference signal periodically. The period can be set as 5ms, 10 ms, etc. LBT is performed before each transmission. The CRS/CSI-RS will be transmitted when the CCA result is “IDLE”. The UEs are configured to measure according to the CRS/CSI-RS period. When CRS/CSI-RS are not detected, the UEs report the last effective measurement results.
When the channel changes quickly, or the channel is too busy to be obtained, periodical CRS/CSI-RS transmission may not provide timely measurement of the channel. Therefore, we can use opportunistic transmission scheme. The eNB keeps performing CCA and transmits CRS/CSI-RS whenever the channel is detected as “IDLE”. In this case, the UEs will also keep measuring the channel and reporting the measurement results or the last effective measurement results if no CRS/CSI-RS is detected.

Proposal 2:  Periodically or opportunistically transmit the CRS/CSI-RS in unlicensed band.
1.3. Channel occupancy time
In WiFi system, the time scale for CCA is μs, which is even smaller than an OFDM symbol. Therefore, in order to fairly access the unlicensed band, LAA should be able to compete in relatively equal scale. However, due to the frame structure of LTE, LAA cannot reach μs time scale. One possible solution is to guarantee relatively longer channel occupancy time for LAA in order to compensate for the relatively lower channel competition capability compared with WiFi. The maximum channel occupancy time constrain should still be obliged, but the value can be set according to different rules.
Proposal 3: Set relatively longer channel occupancy time for LAA compared with WiFi. 
4. Conclusion

In this contribution, we discussed the impact of LBT on LAA.  From the discussion we propose that: 

Proposal 1: As to control signaling transmission, consider following two options:
· Option 1: Transmit control channel in licensed band and reuse the existing CA schemes as much as possible. 
· Option 2: Transmit control channel in unlicensed band, but give control channel higher priority when competing for the operating channel. 
Proposal 2:  Periodically or opportunistically transmit the CRS/CSI-RS in unlicensed band.

Proposal 3: Set relatively longer channel occupancy time for LAA compared with WiFi. 
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