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1. Introduction

At the RAN1#81 meeting, DL channel access mechanisms for DL bursts containing DRS without PDSCH were discussed and following agreements were achieved [1]. 
Agreements:

· A single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC

· Total sensing period may be greater than one sensing interval referred to in the above

· FFS: Whether the above can be used for the case where transmission burst does not contain PDSCH but contains DRS, and any other reference signals or channels

· FFS: Whether the above can be used for DL transmission bursts longer than 1+x ms, x << 1 ms

· Further discuss the length of the sensing interval, and the energy detection threshold, or their possible ranges

· The ECCA counter used for LBT category 4 for the PDSCH is frozen during DL transmission burst containing DRS without PDSCH

In this contribution, we will discuss the LBT configuration for burst containing DRS without PDSCH. Our view on DRS design could be found in the companion contribution [2].    
2. LBT for burst containing DRS only  
For LAA, DRS transmission would be subject to LBT. In such case, the transmission opportunities of DRS is relatively low, especially in high traffic load scenario where the LBT of LAA may often be blocked by neighbour eNBs or Wi-Fi nodes. Thus, DRS and corresponding LBT should be designed so as to enable higher probability of DRS transmission. In this section, we discuss the parameters and starting/ending position of LBT for burst containing DRS only. 
Both approaches of FBE-like and Cat.4 based LBT could be considered for DRS transmission within DMTC. Firstly, a simplified version of Cat.4 LBT could be applied for DRS transmission. ECCA procedure of Cat.4 LBT could be modified for DRS transmission by considering no initial CCA and no random back-off. Figure 1 shows the flowchart of the simplified Cat.4-like LBT for DRS. Appropriate defer period and fixed back-off counter, e.g. D=16 us, T=9 us and N=1, could be utilized. Defer period should be large enough to protect the ACK transmission of Wi-Fi. For Wi-Fi, ACK will be transmitted 16 us after a data burst without LBT, so it is better that the defer period of LAA DRS is set to 16 us. Slot duration for DRS LBT could be aligned with slot duration for PDSCH LBT, i.e. T=9us, to simplify the sensing implementation at eNB side. In the purpose of fast channel access, back off counter could be fixed to 1. Once DRS LBT succeeds, reservation signal may be transmitted until the next candidate DRS position. In order to restrict such resource waste by channel reservation before DRS transmission, it is better to introduce an active window for DRS LBT. The LBT procedure is started at the beginning of the active window and ends at the ending of the active window or ends at the time LBT succeeds. As showed in Figure 2 (a), one possible configuration of active window is starting at the beginning of DMTC or several micro seconds before DMTC and ending at the beginning of last DRS candidate position within the DMTC.  Even though self-deferral operation can also reduce such resource waste due to reservation signal transmission, the restriction based on active window for DRS LBT would be necessary. Otherwise, it is still possible that an eNB transmits long channel reservation signal followed by DRS based on short LBT.
Proposal 1: Active window for DRS LBT should be considered to limit the resource waste due to channel reservation. 
Proposal 2: As LBT for DL transmission burst containing DRS without PDSCH, simplified Cat.4 LBT could be considered.

· No initial CCA 

· Fixed back-off counter N=1
· CCA slot duration T=9us

· Defer period D=16us 
If further simplification is necessary, FBE-like approach is also considerable for DRS only transmission, i.e. only sensing the time period just before each candidate DRS position. To realize such FBE-like operation, some configuration could be taken on current Cat.4 LBT, e.g. configuring no initial CCA, back off counter N=0, defer period of 25us. Duration of defer period of 25us could protect ACK transmission of Wi-Fi and achieve fast channel access. For FBE-like LBT for LAA, the active window of LBT is aligned with the CCA sensing period. However, since there would be a certain time gap between the end of last DRS position and the start of CCA for next candidate DRS position, this approach would achieve relatively lower transmission probability especially in high load case compared with above proposed approach in which eNB can reserve the channel during such the time gap by using reservation signal.
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Figure 1. Flowchart of simplified Cat.4-like LBT for DRS 
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(a) Cat.4-like LBT for DRS                                     (b) FBE-like LBT for DRS 
Figure 2. LBT procedure for DRS transmission in DMTC
3. Conclusion 

In this contribution, we have discussed on LBT mechanism for DL transmission burst containing DRS without PDSCH. We made the following proposals. 

Proposal 1: Active window for DRS LBT should be considered to limit the resource waste due to channel reservation. 
Proposal 2: As LBT for DL transmission burst containing DRS without PDSCH, simplified Cat.4 LBT could be considered.

· No initial CCA 

· Fixed back-off counter N=1
· CCA slot duration T=9us

· Defer period D=16us 
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