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Introduction
In TR 36.889 [1], for DRS transmission it is noted that: 
·  Listen-before-talk requirements in some regions may allow the DRS to be transmitted as a short control transmission without LBT. 
For DRS transmissions requiring LBT, is it recommend 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 subject 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
· 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. 
· 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 for DRS transmission at eNB taking into account regulatory requirements of different regions. 
DRS transmission 
Rel-12 DRS transmissions occur in DRS occasions that have a periodicity of 40, 80 or 160 ms. Periodic DRS transmissions do not comply with regulations in Japan due to the Listen-before-talk (LBT) requirement. In contrast, DRS can be transmitted without LBT in Europe and US. Keeping in mind these design considerations and for a single global solution framework, we propose to consider periodic DRS transmission based on LBT outcome for a duration of 1ms.  Furthermore, transmission of DRS without LBT may cause collisions and affect performance for the on-going transmission. 
Proposal 1: Consider DRS transmissions based on LBT as the transmission option for LAA DRS.
In addition to the periodic DRS transmissions that are subject to LBT, DRS can be opportunistically transmitted within a sub-frame (e.g. first sub-frame) of a DL burst to increase the DRS transmission probability. 
Next, we further provide details of our views on the two alternatives for DRS transmission (described in Figure 1), when DRS is transmitted outside of the DL burst. 
· Alt1: DRS is transmitted, subject to LBT, within a fixed sub-frame within the configured DMTC. 
· Alt 2: In this option, DRS is transmitted subject to LBT within a DRS occasion consisting of contiguous subframes for every DRS occasion period. Specifically, LBT is performed before the start of each subframe within the DRS occasion until the LBT succeeds. If DRS is successfully transmitted within the DRS occasion, DRS is not attempted within that DRS occasion period.  However, if LBT is not successful in any of the subframes within the DRS occasions, next DRS occasion is tried, while no DRS is transmitted within the current DRS occasion period. 




Figure 1: LAA DRS design options [1]

For each of the above alternatives, LBT should be performed before the transmission of DRS either by reserving the channel using reservation signal or without any channel reservation. 
· With reservation: In this option, eNB can sense the channel in advance and transmit reservation signal to the grab channel earlier than the sub-frame boundary for DRS transmission for up-to a maximum duration of x s.  Specifically, if sensing duration is set to C (e.g. 34 s) and potential DRS transmission is at time tn s, then eNB senses the channel at tn - C –x s. Once the eNB observes idle period of C us, it can transmit a reservation until tn. Unless x is large, the benefit of using reservation signal in terms of increasing the DRS transmission probability will be marginal.
· Without reservation:  In this option, it is not allowed for the eNB to sense the channel in advance and transmit reservation 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. An advantage of this approach is that DRS transmissions from multiple cells can be synchronized which is a desirable feature for DRS transmission and RRM measurements.  

Proposal 2: The reservation signal should not be used before DRS transmission.

Next we discuss ED threshold to be used during sensing for DRS transmission. We consider following two options: 
· ED threshold of -62 dBm is used regardless of the ED threshold used for LBT before DL data burst transmission. 
· ED threshold for DRS transmission is the same as used by the LBT before DL burst.

The former can lead to a higher DRS transmission probability than the latter depending on the ED threshold applied to DL data bursts. 

Proposal 3: ED threshold for DRS transmission is fixed set to -62 dBm. 
DRS transmission probability depends on the choice of the LBT design and the traffic conditions in the network. We evaluate DRS transmission probability in a WiFi-LAA co-existence scenario for Alt 1 and Alt 2. We follow the evaluation methodology defined in TR 36.889, with single channel indoor, DL only, FTP  traffic scenario. We consider DMTC periodicity of 40 ms. In Alt 2, we assume a DRS occasion of 4 contiguous subframes.  
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	Figure 2: DRS transmission probability. 
Analysis includes DRS transmissions within and outside DL burst.

	Figure 3: CDF-plot of the Inter DRS transmission interval. Analysis includes DRS transmissions within and outside DL burst for high load FTP traffic.  



 
Figure 4 shows DRS transmission probability for different alternative schemes, while, Figure 5 describes the cdf of inter DRS transmission interval for different options considered for high load. The analysis for DRS transmission probability and inter-DRS transmission interval includes the DRS transmissions within DL burst and outside of the DL burst. As expected Alt 2 has higher transmission probability, while, Alt 2 reduces the inter-DRS transmission interval compared to Alt 1 as shown in Figure 5. 

Alt 2 provides multiple DRS candidate locations in one DRS occasion period, thereby increasing the DRS transmission probability compared to that of Alt 1. In Figure 5, we observe that with Alt 1, 95th percentile of the inter-DRS transmission interval can be more than 300ms.  The inter-DRS transmission delay can be reduced to around 200ms with Alt 2, with adding just 3 additional alternative DRS transmission positions with the DMTC.  Note that Alt 1 can be considered to be an instantiation of Alt 2, wherein DRS occasion consist of 1 sub-frame. However, a constraint on the maximum number of potential positions in the DMTC period should be considered, e.g. 4 positions in 40ms DMTC period; as i) aggressive LBT behaviour for DRS transmission may not be a fair approach compared to the other transmissions in the network ii) UE complexity may be increased due to blind detection of the DRS transmission with increased potential positions for DRS.  

It is required that in order to receive and decode PDCCH/PDSCH, UE should be synchronized, i.e. potentially an out-off-sync UE may not able to receive any downlink transmission until the next DRS occasion. However, if the initial signal used before DL burst transmission, which may provide the required time/frequency synchronization, the need for multiple DRS candidate positions may be reduced, favoring Alt 1. 

Conclusion
In this document, we discussed DRS transmission options at eNB.   
Proposal 1: Consider DRS transmissions based on LBT as the potential transmission option for LAA DRS.

Proposal 2: The reservation signal should not be used before DRS transmission. 

Proposal 3: ED threshold for DRS transmission is fixed set to -62 dBm. 
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