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1
Introduction
The closed Study Item “Study on Licensed-Assisted Access using LTE” aimed at determining a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. A subsequent WI, “Work Item on Licensed-Assisted Access to Unlicensed Spectrum” was approved at RAN#68 in June 2015.  
One particular aspect with operation on unlicensed spectrum is the need to co-exist with other equipment on the same carrier. As discussed in [1,] [2], and [3] in order to comply with certain regulatory requirements, eNodeBs and UEs transmitting on unlicensed bands will need to perform Listen-Before-Talk (LBT) / Clear Channel Assessment (CCA) procedures before being permitted to transmit. This inherently means that when the channel is deemed to be occupied, the eNodeBs and UEs must suspend their transmission. In other words, licensed assisted access using LTE must support dynamic (subframe level or faster) ON/OFF switching of transmission. 
In RAN1 #82 (Beijing, August 2015), several agreements, working assumptions and conclusions related to DRS were reached: 

Agreements:

· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives
Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 

Further agreements were made in RAN1#82bis:

Agreements:
· The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)
· DRS occasion duration is 12 symbols

· NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured

In this contribution we discuss the remaining details related to DRS Occasion Design for LAA.

2
Discussion
2.2.2 LAA DRS sequence generation and multiplexing with data
An agreement from RAN1 #82 leaves an open question on how the RS and synchronization signals are initiated: 
· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives

In the current LTE specifications, the SSS sequence definition differs between subframe 0 and subframe 5, whereas for other subframes no SSS sequences have been specified. Based on the SSS the UE can find out the radio frame timing and e.g. what sequence initialization is used for CRS and CSI-RS.  

Alt. 1 above would hence require specification of corresponding SSS sequence generation mechanism for each subframe. New SSS sequences would further increase the number of hypothesis that the UE needs to test upon cell search, increasing UE complexity considerably. 
With Alt. 2, if existing SSS sequences were used with different timing, there would be an issue in determining the subframe number within a radio frame, which is necessary for pseudo-random sequence generator initialization for CRS/CSI-RS. This becomes an issue in particular with neighbor cell RRM measurements, where the UE does not know the radio frame timing and would therefore not be able to determine the right pseudo-random sequence generator initialization for CRS and/or CSI-RS. On the other hand, this issue can be easily resolved by assuming that the sequence initialization for both SSS and CRS/CSI-RS are done according to subframe #0 (if DRS is transmitted in SF # 0 – 4) or #5 (if DRS is transmitted in SF # 5 – 9). This will of course mean that DRS can no longer be used to determine the frame timing, but that does not seem necessary anyway.

Proposal #1: SSS/RS sequences are generated according to subframe #0 (if DRS is transmitted in SF # 0 – 4) or #5 (if DRS is transmitted in SF # 5 – 9). 
A partially related question is whether multiplexing of PDSCH and DRS should be possible in subframes other than subframe #0 and #5. Here, the complications come from the fact that PDSCH resource mapping and the CRS sequence initialization depend on whether DRS is transmitted in the same subframe or not, and the UE would not know this beforehand but would instead need to detect the presence of DRS blindly. 

Furthermore, following was agreed in RAN1#82bis regarding channel access for DRS:

Agreements:
· A DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us

· The total duration of the DL transmission burst is not longer than 1 ms (i.e. x = 0 from previous agreement)

· FFS: ED threshold used

Given that the main motivation for transmitting DRS outside of subframe #0 or #5 is the increased probability of DRS transmission when channel is frequently occupied, it would be logical in such case to apply the most competitive channel access scheme, i.e. the one defined for DRS-without-PDSCH transmission. Transmitting PDSCH along with DRS in subframes other than #0 or #5 means that the eNodeB would need to perform full Cat 4 LBT prior to DRS transmission, which does not seem a like a probable choice.
To keep the design simple, we propose not to support multiplexing of DRS and PDSCH in subframes other than SF #0 and SF #5.
Proposal #2: Multiplexing of DRS and PDSCH is allowed only in Subframes #0 and #5. 
3
Conclusion
In this contribution we discussed further DRS design aspect especially related to the implications imposed by LBT requirements. We make the following proposals.
Proposal #1: SSS/RS sequences are generated according to subframe #0 (if DRS is transmitted in SF # 0 – 4) or #5 (if DRS is transmitted in SF # 5 – 9). 

Proposal #2: Multiplexing of DRS and PDSCH is allowed only in Subframes #0 and #5. 
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