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Introduction
As noted in TR 36.889 [1], the use of the Rel-12 DRS on a carrier in unlicensed spectrum have additional constraints including Listen-before-talk requirements in some regions may allow the DRS to be transmitted as a short control transmission without LBT. However, short control transmissions without LBT are not allowed in some regions, e.g., Japan. Therefore, DRS design for LAA should allow DRS transmissions on an LAA SCell to be subject to LBT. 
In RAN1#81, for transmission of DRS it was decided that:

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS
· Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC
· Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds
· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC
· For the second alternative, the number of time positions may be limited with one possibility being a single time position in a subframe. It should be noted that the transmission of DRS within the DMTC does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC if this is beneficial. 

In TR 36.889, it is noted that 
[bookmark: _GoBack]For DRS transmissions, 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. This applies at least for DL transmission bursts less than 1+x ms, where x << 1 ms. The total sensing period may be greater than one sensing interval referred to in the above.  

In this document, we discuss the operation of the DRS transmission at eNB when DRS is transmitted outside the DL data burst. 
DRS transmission
In this section, we summarize our finding for the DRS transmission probability for different LBT schemes for
DRS transmission discussed in TR 36.889. The following options are considered when DRS is transmitted outside the DL data burst

1) Alt1: DRS is transmitted, subject to LBT, within a fixed sub-frame determined by the DRS transmission occasion. This option of DRS transmission scheme reduces the transmission probability; however, the UE complexity is lower for blind search for DRS compared to Alt2. 


Figure 1: An illustration of DRS transmission based on Alt 1

2) Alt 2a: In this option, DRS is transmitted subject to LBT within a transmission window interval within every DRS occasion period. Specifically, LBT is performed before the start of each subframe within the transmission window until the LBT succeeds. In this option, the subframes within the transmission window are continuous. If DRS is successfully within the transmission window, DRS is not attempted within that DRS occasion period.  However, if  LBT is not successful in any of the subframes within the transmission window,  next DRS occasion is tried, while no DRS is transmitted within the current DRS occasion period. This option improves the probability of transmission compared to Alt1


Figure 2: An illustration of DRS transmission based on Alt 2a
3) Alt 2b:  This option is similar to that of Alt 2a, wherein LBT operation can be carried out multiple times within DRS occasion interval until DRS is transmitted successfully. The configured DMTC spans over multiple subframes that are located periodically within each DRS occasion.  


Figure 3: An illustration of DRS transmission based on Alt 2b

For each of the above options, LBT should be performed before the transmission of  DRS. We consider two options: 
· Option 1: Without reservation signal
·  In this option, it is not allowed for the eNB to sense the channel in advance and transmit reservations signal (or a garbage signal) to grab channel earlier than the sub-frame boundary for DRS transmission. Specifically, if sensing duration is set to C us and potential DRS transmission is at time tn s, then eNB senses the channel at tn -C s. 
· Option 2: With reservation signal 
· In this option, eNB can sense the channel in advance and transmit reservations signal (or a garbage signal) to grab channel earlier than the sub-frame boundary for DRS transmission.  Specifically, if sensing duration is set to C us and potential DRS transmission is at time tn s, then eNB senses the channel at tn -C –x s. Once eNB observes idle period of 34 us, it can transmit a reservation until tn. The maximum reservation signal duration is x s.  Unless x is very large, the benefit of using reservation signal in terms of increasing the DRS transmission probability will be marginal.
Proposal 1: The reservation signal should not be used before DRS transmission, i.e. x = 0 should be used. 

Next we discuss ED threshold parameters to be used for DRS transmission, 
· Option 1: 
In this option ED threshold of -62 dBm is used regardless of the ED threshold used for LBT before DL burst transmission. 
· Option 2: 
In this option, ED threshold for DRS transmission is the same as used by the LBT before DL burst.

Proposal 2: We propose to always use ED threshold of -62 dBm for LBT used for DRS transmission to increase the DRS transmission probability. 


DRS transmission probability depends on the choice of the LBT design and the traffic conditions in the network. In the following, we perform simulations to determine the DRS transmission probability in a WiFi-LAA co-existence scenario. We follow the evaluation methodology defined in the latest version of TR 36.889, with single channel indoor, only FTP traffic scenario. 

Figure 4 shows that DRS transmission probability for different alternative schemes. We consider the DRS occasion periodicity of 40 ms. In Alt 2a, we assume a transmission window of 4 contiguous subframes, while Alt 2b, assumes a DMTC periodicity of 10 ms, within one DRS occasion. Compared to Alt 1, Alt 2a and Alt 2b naturally show higher DRS transmission probability due to increased LBT attempts. However, interestingly, Alt2b shows better performance than that of Alt2a, even for the same number of maximum LBT attempts within the DRS occasion period.  The increased success for Alt2b can be attributed to the fact that the data burst typically extends up-to 4ms in the simulations. Thus, is it likely that if there is a data burst transmission, and the LBT attempt for Alt2a fails, the next attempts for the same DRS occasion will also fail. However, for Alt2b, the LBT attempts are spread farther in time, leading to higher chances for LBT success. 
 
[image: ]
Figure 4: DRS transmission probability for different options of DRS transmission schemes.  

Figure 5 describes the cdf of inter DRS transmission interval for different options considered for high load. As expected Alt 1 has highest inter DRS transmission interval. Furthermore, it can be seen that the DRS may not be transmitted for over 2 seconds, when we use Alt 1. Alt2b has lowest inter DRS transmission delay. 

[image: ]
Figure 5: CDF-plot of the Inter DRS transmission interval for different options of DRS transmission schemes.  


Proposal 3: We propose that DRS transmission should follow Alt 2b. 

Conclusion

Proposal 1: The reservation signal should not be used before DRS transmission, i.e. x = 0 should be used. 

Proposal 2: We propose to always use ED threshold of -62 dBm for LBT used for DRS transmission to increase the DRS transmission probability. 

Proposal 3: We propose that DRS transmission should follow Alt 2b.
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