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Introduction
How to use unlicensed spectrum in combination with licensed spectrum [1] is studied and the outcome of the study is described in [3]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks. In order to support the LAA as an SCell, work item on Licensed-Assisted Access to Unlicensed Spectrum is approved with objectives described in [2], including:

· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)

To ensure fairness with WiFi and support DRS transmission in unlicensed carrier, following channel access procedure related to DRS transmission was agreed in RAN1 [4]:

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

In addition, if the DRS with PDSCH in the same subframe, following was agreed as a working assumption in RAN1 [4]: 

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 

In order to support DRS transmission in unlicensed carrier, meeting the regulatory requirements, we will discuss on the possible LAA operation focusing on the channel access procedure. We also propose the channel access procedure for DRS transmission. 

Discussion on DRS transmission for LAA

According to the agreement/working assumption described above, following (subject to LBT) is considered carefully to ensure the transmission of DRS:

· DRS is allowed to be transmitted in one of different time positions 
· Position of DRS in a subframe is the same for all candidate subframes in the DMTC
· It may be allowed to multiplex DRS and PDSCH in a same subframe

Additionally it is very straightforward that CCA prior to transmission of DRS in unlicensed carrier, but it is not guaranteed to be available the channel at the time to transmit DRS due to the uncertainty of channel occupancy. Figure 1 shows an example of DRS transmission subject to LBT. As shown the figure, CCA prior to transmission of DRS shall be performed. As a result of CCA, if the channel is determined as “busy (or occupied)” as shown Figure 1(a) and (b), other chance to transmit DRS with additional CCA is allowed in different time position within the configured DMTC. As shown Figure 1(c) and (d), the time of CCA termination can span to the time to transmit DRS. In this case (even though the channel is grabbed), if the time to transmit DRS is configured to be fixed, additional CCA may also be performed prior to the next possible transmission of DRS. The same situation may happen again in the next possible transmission of DRS due to uncertainty of duration of CCA as well as the termination of CCA. If it is allowed to transmit some “R” (e.g., PDSCH, blocking signal) between the termination of CCA and the next time to transmit DRS, the DRS can be transmitted without additional CCA as shown Figure 1(c). If it is allowed to transmit DRS right after CCA (similar to the floating subframe), the DRS can be transmitted without additional CCA as shown Figure 1(d).
Thus, if the channel is grabbed as the result of CCA, following procedure can be considered as the transmission of DRS in unlicensed carrier:


begin
	step0: 	let Ts=TDRS(DMTC offset) – TCCA & t = 0;
	step1: 	if current time is in DMTC window, perform CCA (prior to Ts=Ts-1-t) to transmit DRS;
else go to end;
	step2: 	if the channel is “idle” {
			if CCA is terminated before the time to transmit DRS in DMTC window {
} else if the termination of CCA overlaps  the time to transmit DRS {
		Shift to transmit DRS 
Option1 (Figure 1(c)): till next configured time to transmit DRS in DMTC window or
Option2 (Figure 1(d)): right after CCA;
		} 
} else if the channel is “busy,”
	Option1 ((Figure 1(a)): go to step0;
	Option2 ((Figure 1(b)): go to step1 with t=k (e.g., =1) CCA slot;
end

Observation1: Subject to LBT, if the channel is grabbed before the time to transmit the DRS, DRS can be transmitted in the pre-configured time position within DMTC (window). If the channel is busy or the time to grab the channel overlaps the time to transmit the DRS, DRS may be transmitted in the different time position with additional CCA or shall be allowed to flexible time positions (e.g., right after CCA, next time position to transmit DRS).

Proposal1: In order to transmit DRS without PDSCH in unlicensed carrier:
· If the time to transmit DRS is configured (as a fixed time position), CCA shall be terminated before the time position, where the start time of CCA shall not be later than Ts(=TDRS(DMTC offset) – TCCA).
·  TCCA is duration to perform CCA.  FFS: the value of TCCA (e.g, TCCA = Defer duration(=16μs) + N(≥1) TCCA_slot(=9μs))
· If the time to transmit DRS is allowed to be flexible, 
· Option1: shift to transmit the DRS till next configured time to transmit DRS in DMTC
· Option2: shift to transmit the DRS right after CCA
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Meanwhile, if it is allowed to multiplex DRS and PDSCH, DRS+PDSCH transmission shall be transmitted in the (configured) time position within DMTC and total time to transmit DRS+PDSCH shall not exceed the maximum allowed channel occupancy time. Thus time to perform CCA shall be selected carefully based on the time position within DMTC. Figure 2 shows possible examples of DRS+PDSCH transmission subject to LBT in unlicensed carrier. As shown Figure 2(a), channel occupancy time (COT) can overlap the time to perform the CCA for DRS transmission. In this case, because CCA termination prior to transmission of DRS may not be guaranteed, it may result in unsuccessful DRS transmission as shown Figure 1. In order to avoid that case, possible methods are: 
· Method1: releases the grabbed channel earlier than the start time position (Ts) of CCA to transmit DRS as shown Figure 2(b)
· Ts = TDRS(DMTC offset)-TCCA
· Method2: performs CCA considering the time to transmit PDSCH and DRS within the allowed COT as shown Figure 2(c), Figure 2(d), and Figure 2(e)
· If a single CCA is allowed for DRS+PDSCH transmission, CCA and DRS+PDSCH transmission are performed as shown Figure 2(c), Figure 2(d).
· If DRS-specific CCA in necessary is defined, DRS-specific CCA and DRS transmission as well as CCA for PDSCH is performed individually as shown Figure 2(e). If the COT does not expire prior to the DRS transmission (including DRS-specific CCA), CCA for PDSCH and PDSCH transmission may be postponed till the DRS transmission.

Observation2: Subject to LBT, if the COT of the grabbed channel may or may not allow transmitting the DRS+PDSCH, where DRS can be transmitted in the pre-configured time position within DMTC (window). 

Proposal2: In order to transmit DRS with PDSCH in unlicensed carrier:
· If DRS+PDSCH transmission is performed in a single COT, COT shall include the DRS occasion, where the start time of CCA shall not be later than Ts(=TDRS(DMTC offset) – TCCA).
· COT prior to DMTC offset shall expire at least earlier than Ts(=TDRS(DMTC offset) – TCCA).
· TCCA is duration to perform CCA.  FFS: the value of TCCA (e.g, TCCA = Defer duration(=16μs) + N(≥1) TCCA_slot(=9μs))
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Conclusion
In this contribution, we discussed about the transmission of DRS in unlicensed carrier subject LBT and observed: 

Observation1: Subject to LBT, if the channel is grabbed before the time to transmit the DRS, DRS can be transmitted in the pre-configured time position within DMTC (window). If the channel is busy or the time to grab the channel overlaps the time to transmit the DRS, DRS may be transmitted in the different time position with additional CCA or shall be allowed to flexible time positions (e.g., right after CCA, next time position to transmit DRS).

Observation2: Subject to LBT, if the COT of the grabbed channel may or may not allow transmitting the DRS+PDSCH, where DRS can be transmitted in the pre-configured time position within DMTC (window).


In addition, to support the transmission of DRS within DMTC in unlicensed carrier, we propose:

Proposal1: In order to transmit DRS without PDSCH in unlicensed carrier:
· If the time to transmit DRS is configured (as a fixed time position), CCA shall be terminated before the time position, where the start time of CCA shall not be later than Ts(=TDRS(DMTC offset) – TCCA).
·  TCCA is duration to perform CCA.  FFS: the value of TCCA (e.g, TCCA = Defer duration(=16μs) + N(≥1) TCCA_slot(=9μs))
· If the time to transmit DRS is allowed to be flexible, 
· Option1: shift to transmit the DRS till next configured time to transmit DRS in DMTC
· Option2: shift to transmit the DRS right after CCA


Proposal2: In order to transmit DRS with PDSCH in unlicensed carrier:
· If DRS+PDSCH transmission is performed in a single COT, COT shall include the DRS occasion, where the start time of CCA shall not be later than Ts(=TDRS(DMTC offset) – TCCA).
· COT prior to DMTC offset shall expire at least earlier than Ts(=TDRS(DMTC offset) – TCCA).
· TCCA is duration to perform CCA.  FFS: the value of TCCA (e.g, TCCA = Defer duration(=16μs) + N(≥1) TCCA_slot(=9μs))
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