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Introduction
DRS in NR-U was defined including the following signals and channels in RAN1#94 [1]:
· SS/PBCH burst set, 
· RMSI CORESET(s) associated with SSB/PBCH block(s), 
· RMSI PDSCH(s) associated with SSB/PBCH block(s), and
· CSI-RS.
	[bookmark: _Ref494215420]Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.



This contribution discusses DRS in NR-U for 15kHz and 30kHz, considering 60kHz based SSB/PBCH block is outside the scope of the WI [2]. This contribution is revision of our contribution [R1-1813077] in RAN1#95.

DRS for SA
In this section, we discuss the design of DRS for SA in NR-U.

DRS properties

Gaps within DRS
It was agreed that the design of DRS should consider to gaps in DRS in RAN1#93 [3]:
	· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration



The number of gaps between SSBs seems sufficient in R15 NR. For instance, there are at least one gap every two successive SSBs for FR1, which leads to at least one gap within two adjacent slots. In fact, presence of a gap within DRS mainly depends on RMSI PDSCH scheduled by DCI. Therefore, gaps within DRS could be up to gNB implementation.
Observation 1: In NR-U SA, gaps within DRS could be up to gNB implementation, if gaps between SSBs are well defined.

Bandwidth of DRS
It was agreed that the design of DRS should consider to satisfy the OCB requirement in RAN1#93:
	· The occupied channel bandwidth is satisfied (although this may not be a requirement)



gNB can still use the reserved signal to meet OCB requirement if RMSI PDCCH/PDSCH have narrow bandwidth. Hence, we have question about whether to restrict RMSI PDCCH/PDSCH bandwidth to meet OCB requirement. In addition, RMSI PDSCH can be FDMed with other PDSCH, e.g. paging/OSI PDSCH or unicast PDSCH, so we don’t see the need of the restriction of bandwidth of DRS.
Observation 2: Bandwidth of DRS is not necessarily to be defined.

The maximum duration of DRS transmission within window
In RAN1#93, it was agreed to strive to minimize the channel occupancy time of DRS in RAN1#93:
	· Strive to minimize the channel occupancy time of the signal


In our view, COT of DRS is related to duration of DRS transmission. 
Duration of DRS seems flexible, since time span of the actually transmitted SSB is flexible. So, we can only define the maximum duration of DRS transmission. In straightforward way, the maximum duration of DRS transmission can be implicitly defined as the maximum time span of SSB and RMSI PDCCH/PDSCH.
Observation 3: In NR-U SA, the maximum duration of DRS transmission can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSBs with the maximum number of transmitted SSBs.

Duration of DRS transmission window
Duration of DRS transmission window is related to the maximum number of candidate SSB positions (somehow fixed) within DRS transmission window. Furthermore, from UE perspective, UE only needs to know the window of SSB transmission to find the preferred SSB and monitor the RMSI PDCCH associated to the SSB. Therefore, duration of DRS transmission window can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSB with the maximum number of candidate SSB positions.
Observation 4: In NR-U SA, duration of DRS transmission window can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSB with the maximum number of candidate SSB positions.


From above observations, we have the following proposal.
Proposal 1: In NR-U SA, properties of DRS can be defined as follows:
· Gaps within DRS could be up to gNB implementation, if gaps between SSBs are well defined.
· Bandwidth of DRS is not necessarily to be defined.
· The maximum duration of DRS transmission can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSBs with the maximum number of transmitted SSBs.
· Duration of DRS transmission window can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSB with the maximum number of candidate SSB positions.

SSB within DRS

SSB composition
In R15 NR, SSB is composed by PSS/SSS/PBCH with 4 contiguous OFDM symbols and 20 contiguous PRBs. 



Figure 1: SSB composition in R15 NR
In NR-U SA, since OCB requirement of DRS is easy to be satisfied due to multiplexing of SSB and RMSI PDCCH/PDSCH, resource of SSB may not be necessarily modified. 

RMSI PDCCH/PDSCH within DRS
It was agreed that SSB and RMSI PDCCH/PDSCH could be multiplexed within DRS. 
In the remaining of contribution, we will assume that subcarrier spacing of SSB and RMSI PDCCH/PDSCH are the same, due to limit of paper length. But different subcarrier spacing of SSB and RMSI PDCCH/PDSCH is not excluded.
We will only discuss “SSB/CORESET multiplexing pattern 1”.

“SSB/CORESET multiplexing pattern 1”
Group offset 0
For “SSB/CORESET multiplexing pattern 1”, SSB and RMSI PDCCH are TDMed with group offset 0.
Regarding the number of RMSI PDCCH monitoring occasions per slot, the candidate value can be 1 and 2. The benefit of supporting the value 1 is that associating one RMSI PDCCH monitoring occasion with each SSB can be realized. 


Figure 2: Examples of “SSB/CORESET multiplexing pattern 1”
Observation 5: For SSB/CORESET multiplexing pattern 1 in NR-U SA, RMSI PDCCH can be configured by reusing or modifying the existing tables of RMSI PDCCH defined in Clause 13 in 38.213, at least for 15kHz and 30kHz SCS.

Enhancement for group offset 0
Half-slot RMSI PDCCH may be supported, since shift granularity of SSB due to LBT failure could be one SSB for 15kHz SCS. 


Figure 3: Examples of “SSB/CORESET multiplexing pattern 1” with half-slot RMSI PDCCH

Observation 6: For SSB/CORESET multiplexing pattern 1 in NR-U SA, half-slot RMSI PDCCH can be introduced, at least for 15kHz and 30kHz SCS.

From above observations, we have the following proposal.
Proposal 2: RMSI PDCCH/PDSCH can be defined as follows in NR-U SA.
· For SSB/CORESET multiplexing pattern 1, 
· For group offset 0, RMSI PDCCH can be configured by reusing or modifying the existing tables of RMSI PDCCH defined in Clause 13 in 38.213, at least for 15kHz and 30kHz SCS.
· For group offset 0, half-slot RMSI PDCCH for 15kHz and 30kHz can be introduced, at least for 15kHz and 30kHz SCS.

CSI-RS within DRS
In R15 NR, there are four types of CSI-RS defined, such as CSI-RS for mobility, CSI-RS for beam management, CSI-RS for CSI acquisition and CSI-RS for tracking. In our view, necessity of CSI-RS for mobility and beam management needs FFS, since
· SSB can be used for RRM measurement and beam management, and 
· finer beam may be not necessary in sub-7GHz, and
· beamforming gain is limited in NR-U due to limitation of PSD/EIRP.
Therefore, we only focus on CSI-RS for CSI acquisition and CSI-RS for tracking.
 
CSI-RS for CSI acquisition
In idle mode, similar as R15 NR, CSI acquisition is not needed. 
In connected mode, CSI-RS for CSI acquisition included in DRS may be necessary, opportunity of transmission of periodic CSI-RS for CSI acquisition can be increased. However, including CSI-RS for CSI acquisition in DRS can be done by RRC signalling in connected mode, so additional standardization on top of CSI-RS configuration of R15 NR needs further study. It should be noted that, in LAA CSI-RS for CSI acquisition can be configured in DRS, and LBT will impact DRS as whole.

CSI-RS for tracking
In general view, CSI-RS for tracking (TRS) may provide more accurate T/F synchronization, since CSI-RS for tracking has wider bandwidth. So, if CSI-RS for tracking is included in DRS, accuracy of T/F tracking could be improved.
In connected mode, T/F tracking based on DRS may be important for NR-U, since there could not be any other CSI-RS with cat-2 LBT outside DRS. 
In idle mode, there could be a concern whether UE can use CSI-RS in idle-mode, which has been discussed in R15 NR. Due to some reasons, e.g. UE complexity and T/F accuracy requirement, R15 NR does not support CSI-RS in idle-mode. However, DRS in NR-U can be used by idle-mode and connected-mode UE. So, if CSI-RS for tracking is present in DRS, idle-mode UE could use it also.
Therefore, CSI-RS for tracking may be included in DRS for both idle-mode UE and connected-mode UE.
Proposal 3: CSI-RS for tracking may be included in DRS for both idle-mode UE and connected-mode UE.

DRS for NSA
In this section, we discuss the design of DRS for NSA in NR-U. In NSA, DRS will only contain SSB and CSI-RS, since RMSI is not necessary, similar as LTE LAA.

OCB requirement for DRS

Revision of SSB composition
In NR-U NSA, if resource of SSB is not modified, the reserved resource will be used which leads to inefficient resource utilization. In our view, SSB composition may be revised. For instance, SSB could be modified to FDM between PSS/SSS and PBCH to extend frequency resource of SSB, shown in the following figure.


Figure 4: Examples of the revised SSB composition
Proposal 4: Considering OCB requirement for DRS in NR-U NSA, SSB composition could be revised.

Conclusion
In the contribution, we have the following proposals.
Proposal 1: In NR-U SA, properties of DRS can be defined as follows:
· Gaps within DRS could be up to gNB implementation, if gaps between SSBs are well defined.
· Bandwidth of DRS is not necessarily to be defined.
· The maximum duration of DRS transmission can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSBs with the maximum number of transmitted SSBs.
· Duration of DRS transmission window can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSB with the maximum number of candidate SSB positions.
Proposal 2: RMSI PDCCH/PDSCH can be defined as follows in NR-U SA.
· For SSB/CORESET multiplexing pattern 1, 
· For group offset 0, RMSI PDCCH can be configured by reusing or modifying the existing tables of RMSI PDCCH defined in Clause 13 in 38.213, at least for 15kHz and 30kHz SCS.
· For group offset 0, half-slot RMSI PDCCH for 15kHz and 30kHz can be introduced, at least for 15kHz and 30kHz SCS.
Proposal 3: CSI-RS for tracking may be included in DRS for both idle-mode UE and connected-mode UE.
Proposal 4: Considering OCB requirement for DRS in NR-U NSA, SSB composition could be revised.
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