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1. Introduction
In RAN Plenary# 75 meeting, new SI on NR-based access to unlicensed spectrum [1] is approved, which includes the following objects
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI

· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz

· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 

· Consider similar forward compatibility principles made in the NR WI 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
From a high level point of view, NR-based unlicensed spectrum operation could be separately discussed on NR-based LAA and NR-based standalone (SA) unlicensed scenario with a higher priority on NR-LAA, which could be studied by regarding Rel-14 LAA as a baseline. In addition, considering that the operating frequency band in NR has been extended up to 52.6GHz, beam management needs to be taken into account during some RLC procedures, e.g., initial access, channel access (LBT), HO, etc.. In the current discussion on NR licensed spectrum, multi-beam operation has been widely discussed with many corresponding agreements, which could be treated as a baseline for unlicensed spectrum operation by considering the effects of Listen-Before-Talk (LBT). Subject to LBT, the system latency will be significantly increased if beam-based CCA is adopted for channel sensing. On the other hand, if legacy omni-directional LBT is used, detection of false alarm would be a serious issue. Therefore, the choice of LBT mechanism and system latency control should be traded off in the NR-U design.  
In this paper, we discuss the design of DRS for NR unlicensed spectrum operation. 
2. Discussion 
DRS Contents for NR-U 
For legacy LTE-LAA, the signals comprising the DRS include the PSS, SSS, CRS and optionally the CSI-RS[2]. However, due to the large reference-signal overhead (4.8%-single antenna port; 9.5%-two antenna ports; 7.2%-four antenna ports), CRS is excluded from NR reference signal candidates according to the agreements on NR reference signal definition at RAN1#86bis[3]. Thus, NR CSI-RS with relatively low time/frequency density is promoted to partially replace CRS. The main function of NR CSI-RS is CSI acquisition, beam management and RRM management, where RSRP can be calculated based on CSI-RS. Similar as RRM management based on SS block on licensed spectrum, LAA SCell can also use SS block for RRM measurements. In total, two types of RSRP could be reported to gNB based on UE side measurements: SS-RSRP and CSI-RSRP. SSS sequence and PBCH-DMRS are used for the main measurement in the PCell idle mode and CONNECTED mode, and CSI-RS is for cell-edge enhancement measurement in the CONNECTED mode as a complement. This shall also well align with the RAN1 agreements on the RSRP definition for DL RRM measurements [3]. 
Tracking NR initial access discussion, synchronization signal (SS) design can be easily inherited for NR-LAA DRS and SA NR-U with anchor channels on the unlicensed spectrum, whose composition could be PSS, SSS and PBCH-DMRS. Oriented from legacy LAA, CSI-RS can be optionally configured to support CSI-RS based RSRP measurements whose performance has been determined as a complement. However, direct inheritance seems to result in an inappropriate backward compatibility. For example, in legacy SCE and LAA, PBCH (MIB) is not signalled in SCell. But on the other hand, NR-PBCH has more functionality than LTE-PBCH except for carrying MIB. For example, carrying SS block (maybe called DRS block later) index, for RRM measurement and even fine time/frequency synchronization. Since NR PBCH-DMRS is an “always-on” signal (like CRS in LTE), at least NR PBCH-DMRS can be necessarily considered for NR-U. One more issue is about the use of CSI-RS in NR-U DRS signal. According to the agreements on DL RRM measurement, RSRP measured by utilizing CSI-RS can only be applied in RRC CONNECTED mode, which means that CSI-RS is not necessary for the use of RSRP measurements in cell search procedure. Therefore, PSS, SSS and PBCH-DMRS seem to be enough for recovering the whole function of legacy DRS, weakening the use of optionally configured CSI-RS. However, RRM measurements are not only used for initial cell search. CSI-RS RSRP is of high value while the function of DRS is mobility measurement. Accordingly, the use of CSI-RS needs to be further evaluated under given scenarios. 
Proposal 1: NR-SS block and NR-CSI-RS should be the starting point to study DRS used in NR-U (NR-LAA and SA NR-U).  Enhancement of DRS should be further studied in RAN1.
Beam management for NR-U DRS transmission

In NR unlicensed spectrum operation, beam management should be taken into more consideration since robust link quality highly depends on accurate beam selection rather than LBT result on the high frequency band, e.g. over 60Ghz. Beam index information could be involved in each DRS block for gNB Tx beam recognition. To reduce the latency caused by time-consuming beam sweeping procedure, different numerologies are required to be utilized. As shown in Fig.1 (using SS block design), the main purpose is to guarantee that the complete beam sweeping is able to be finished within a DMTC window, which may facilitate UE to select its optimal/suboptimal Rx beams with equal opportunities on each beam direction. By adopting different numerologies, more efficient utilization is revealed while using higher SCS. In legacy LAA, the DMTC window is 6ms. If using 15kHz SCS, at most 12 beams (directions) beam sweeping needs to be realized (supposing different beam index is indicated by different DRS block). But for 60kHz SCS, maximum 48 beams (directions) sweeping is supported. Suppose that only 24 beams (directions) beam sweeping is supported due to the limited number of Tx antenna panels at gNB, twice full-direction beam sweeping is supported if 60kHz SCS is adopted. If all NACK responses are received on PCell, gNB can perform second round DRS beam sweeping within the same DMTC window. Although the higher SCS leads to shorter OFDM symbol duration (especially because of the CP length), LAA small cell does not have strict requirements on the cell coverage. Therefore, different numerologies are worth being considered for NR-based LAA. 
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Figure 1: NR-U DRS beam sweeping example 
Proposal 2: Beam management is supported in DRS transmission by using different numerologies.
LBT/non-LBT DRS transmission for NR-U
Before detailed discussion, it is better to introduce the definition of some technical terms that will be used below. 1. LBT-based scheme: “listen-before-talk” channel access mechanism. Clear channel assessment (CCA) is performed before data or control signal transmission using energy detection algorithms. 2. Non-LBT scheme: immediate data or control signal transmission without any channel occupancy status sensing while the buffer is ready. 3. LBT-less scheme: a hybrid channel access scheme combining LBT-based and non-LBT mechanisms. 
LBT-based DRS transmission is agreed as a global solution in legacy LAA, which also shows fair coexistence with other RATs on the unlicensed spectrum utilization. In US/China/Korea, however, there is no regulatory requirement for “listen-before-talk” waveform on the unlicensed band. The adaptive on/off DRS transmission shows “friendly” coexistence with like Wi-Fi technologies. Under this scenario, it may be necessary to explore the possibility of non-LBT scheme for short control signal like DRS in 3GPP. In order to further improve the system robustness, LBT-less channel access scheme should be considered. For example, non-LBT is adopted at the very beginning. Then it will switch to LBT-based if CCA failure timer expires, or NACK is received by UE on the PCell (NR-LAA). On the other hand, omni-directional LBT has already been accepted in 802.11/ay, and directional LBT (beamforming based LBT) is still under discussion. By showing the system throughput in Fig. 2, directional LBT achieves significant performance gains over omni-directional LBT. In addition, it also implies that there is not too much degradation on NR-LAA throughput if no LBT is performed ahead of DRS transmission. Based on the above discussion, LBT-less or even non-LBT procedure for DRS transmission is worth further consideration to balance the system latency and friendly coexistence issue at over 6GHz frequency band. 
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Figure 2. Throughput evaluation of coexistence issue by using beam-based LBT/non-LBT scheme

Proposal 3: LBT mechanisms should be reconsidered for NR-U DRS transmission under given frequency band (e.g. 60GHz) for certain use cases and/or certain regions.   
3. Conclusion
In this contribution, we basically explains the structure and procedures of the DRS design for NR unlicensed spectrum operation. Since DRS is originally designed for small cell DL synchronization, it is a very important procedure for initial access which is needed to be prioritied in this phase SI. Hence, the following proposals are targetted for NR-U DRS. 
Proposal 1: NR-SS block and NR-CSI-RS should be the starting point to study DRS used in NR-U (NR-LAA and SA NR-U). Enhancement of DRS should be further studied in RAN1. 
Proposal 2: Beam management is supported in DRS transmission by using different numerologies.
Proposal 3: LBT mechanisms should be reconsidered for NR-U DRS transmission under given frequency band (e.g. 60GHz) for certain use cases and/or certain regions.   
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Appendix: 
Scenario: 

· Indoor hotspot (6BSs per 120m x 50m,10 users per BS; 6APs per 120m x 50m, 10 users per AP)
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Assumption: 

	
	Parameters

	Carrier Frequency
	60GHz

	System bandwidth
	20MHz 

	Layout for nodes
	12TRxPs per (120m x 50m)

	TX power
	24dBm

	UE dropping per network
	10 users per TRxP

	Packet size
	0.5 Mbytes.

	COT
	6ms

	Thresholds
	-62 dBm(both LAA&WIFI)
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