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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 [R1-1900720] in RAN1 AH 1901.

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

SCS of SSB 
It was concluded in RAN1 Ad Hoc 1901 that UE assumes 30kHz SCS for SSB for 5GHz/6GHz band if the SCS is not indicated by higher layers [4]. 
	Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 


In our view, 15kHz SCS for SSB can be used in bands below 5GHz for initial access.

SSB pattern within a slot
It was captured as proposal in RAN1 Ad Hoc 1901 that R15 case A can be reused for 15kHz SCS SSB and R15 case C can be reused for 30kHz SCS for initial access.
	Proposal:
For SS/PBCH block time domain transmission pattern within a slot
· For 15KHz SCS, reuse NR Rel-15 SS/PBCH block transmission pattern case A
· For 30KHz SCS initial access, reuse NR Rel-15 SS/PBCH transmission pattern case C


Two SSBs per slot in R15 Case A (15 kHz) and R15 Case C (30kHz) locate at symbol (2,3,4,5) and (8,9,10,11). R15 Case A and Case C are illustrated in the following figure.



(Case A)                                                            (Case C)
Figure 1: Case A and Case C in R15
Proposal 2: In NR-U SA, for SSB time pattern within a slot:
· For 15KHz SCS, reuse NR R15 SSB pattern case A;
· For 30KHz SCS, reuse NR R15 SSB pattern case C.

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



Figure 2: SSB composition in R15 NR
It was concluded in RAN1 Ad Hoc 1901 that the time and frequency position of PSS/SSS/PBCH relative to each other in one SSB is not to be changed [4]. 
	Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.



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

“SSB/CORESET multiplexing pattern 1”
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 3: Examples of “SSB/CORESET multiplexing pattern 1”
Observation 5: For SSB/CORESET multiplexing pattern 1 in NR-U SA, RMSI PDCCH can be configured through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 of 38.213.

As an enhancement, it was agreed in RAN1 Ad Hoc 1901 that half-slot RMSI PDCCH is supported [4]. In our view, the enhancement can support block structure of SSB and RMSI.
	Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)


However, it is still open that whether RMSI PDCCH of the 2nd SSB starts at symbol #6 or #7 or both. The different starting symbol positions are shown in the following figure.


(1) The 2nd SSB starting at symbol #7


(2) The 2nd SSB starting at symbol #6
Figure 4: One example of “SSB/CORESET multiplexing pattern 1” with RMSI PDCCH
It can be observed that the relative positions between an SSB and the associated RMSI PDCCH in a slot are the same and two-symbol CORESET for RMSI PDCCH can be configured, if RMSI PDCCH of the 2nd SSB starts at symbol #6. On the other hand, it can be observed that there could be one symbol gap after the 1st SSB, if RMSI PDCCH of the 2nd SSB starts at symbol #7.
Observation 6: For SSB/CORESET multiplexing pattern 1 in NR-U SA, for half-slot RMSI PDCCH, 
· If RMSI PDCCH of the 2nd SSB starts at symbol #6, the relative positions between an SSB and the associated RMSI PDCCH in a slot are the same, and two-symbol CORESET for RMSI PDCCH can be configured;
· If RMSI PDCCH of the 2nd SSB starts at symbol #7, there could be one symbol gap after the 1st SSB.
Fortunately, the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213 may release some codepoints, since the number of RMSI PDCCH per slot and the group offset are not so flexible. For instance, the variable M may be fixed to 1/2, and the variable O may be fixed to 0, and thus the number of available codepoints is significantly reduced. 
Therefore, the released codepoints can be used for indication of starting symbol of RMSI PDCCH of the 2nd SSB. The below table is the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213 after modification.
Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1
	Index
	

	Number of search space sets per slot
	[image: ]
	First symbol index

	x
	0
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	x
	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	x
	0
	2
	1/2
	{0, if [image: ] is even}, {6, if [image: ] is odd}

	…
	
	
	
	


From above observations, we have the following proposal.
Proposal 3: In NR-U SA, RMSI PDCCH/PDSCH can be defined as follows.
· For SSB/CORESET multiplexing pattern 1, 
· RMSI PDCCH can be configured through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.
· Starting symbol of RMSI PDCCH of the 2nd SSB (symbol #6 or #7) can be indicated through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.

OCB requirement for DRS
It was captured as proposal in RAN1 Ad Hoc 1901 that gNB ensures that the OCB requirement is met using RMSI and other signals/channel (e.g. CSI-RS) agreed to be multiplexed with SSB, at least for PCell/PSCell.
	Proposal:
At least for DRS transmission on a PCell that contains the cell defining SSB, gNB ensures that the OCB requirement is met using RMSI and other signals/channel agreed to be multiplexed with SSBs
· FFS: Necessary changes needed for RMSI PDCCH, RMSI PDSCH, CSI-RS etc, e.g., rate matching of RMSI PDSCH around SS/PBCH block(s) within DRS
· FFS: How the requirement is met for PSCell and SCells


It is questionable that whether and what the impact of standardization is. There are mainly two points of potential standardization impact, i.e. rate matching of RMSI PDSCH around SSB(s) within DRS and CSI-RS configuration in idle-mode.

Rate matching of RMSI PDSCH around SSB(s)
In our understanding, R15 only supports rate matching of RMSI PDSCH around the associated SSB. From UE complexity perspective, UE may not be aware of the non-associated SSB when it receives RMSI PDSCH associated to the detected SSB. In NR-U, although multi-beam transmission of SSB is limited, we still concern on whether UE can be aware of the non-associated SSB.

CSI-RS configuration
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.
In connected mode, including CSI-RS for CSI acquisition in DRS may be necessary to increase opportunity of transmission of CSI-RS for CSI acquisition. CSI-RS for tracking (TRS) may provide more accurate T/F synchronization, since CSI-RS for tracking has wider bandwidth. 
On the other hand, from perspective of standardization impact, CSI-RS can be flexibly configured by RRC signalling in connected mode in R15, so additional standardization on top of CSI-RS configuration needs further study. First, LBT impact to CSI-RS configuration, e.g. time domain pattern, should be considered. It should be noted that, in LAA CSI-RS for CSI acquisition can be configured in DRS, and LBT will impact DRS as whole. Moreover, rate matching around CSI-RS for idle-mode UE should be considered, since DRS is used by connected-mode UE and idle-mode UE at the same time. Further, multiplexing between SSB and CSI-RS for CSI acquisition and channel tracking should be considered. 
Proposal 4: In NR-U SA, standardization impact of CSI-RS for CSI acquisition and channel tracking should be considered:
· LBT impact to CSI-RS configuration;
· Rate matching around CSI-RS for idle-mode UE.
· Multiplexing between SSB and CSI-RS.

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.

SSB within DRS

SCS of SSB 
For NSA deployment, in our view, 15kHz and 30kHz SCS SSB can be independent of the band and indicated by higher layers for purpose of flexibility.

SSB pattern within a slot
R15 Case B (30kHz) has been introduced for SSB alignment between Case A (15kHz) and Case B in R15. This alignment could be necessity of DL/UL alignment among cells. In our view, this alignment can be reused in NR-U for NSA deployment. Specifically, in NR-U sub-5GHz, when 15kHz SSB is used for initial access of PCell/PSCell by one gNB, 30kHz SSB can be used for SSB measurement of SCell/SCG by another gNB to enable better DL/UL alignment for purpose of co-existence between PCell/PSCell and SCell/SCG. The following figure shows the alignment.


Figure 5: Alignment between Case A and Case B in R15

OCB requirement for DRS
CSI-RS configuration
Similar to NR-U SA deployment, in NR-U NSA deployment, from perspective of standardization impact, LBT impact to CSI-RS configuration and multiplexing between SSB and CSI-RS should be considered.
Proposal 5: In NR-U NSA, standardization impact of CSI-RS for CSI acquisition and channel tracking should be considered:
· LBT impact to CSI-RS configuration;
· Multiplexing between SSB and CSI-RS.

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: In NR-U SA, for SSB time pattern within a slot:
· For 15KHz SCS, reuse NR R15 SSB pattern case A;
· For 30KHz SCS, reuse NR R15 SSB pattern case C.
Proposal 3: In NR-U SA, RMSI PDCCH/PDSCH can be defined as follows.
· For SSB/CORESET multiplexing pattern 1, 
· RMSI PDCCH can be configured through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.
· Starting symbol of RMSI PDCCH of the 2nd SSB (symbol #6 or #7) can be indicated through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.
Proposal 4: In NR-U SA, standardization impact of CSI-RS for CSI acquisition and channel tracking should be considered:
· LBT impact to CSI-RS configuration;
· Rate matching around CSI-RS for idle-mode UE.
· Multiplexing between SSB and CSI-RS.
Proposal 5: In NR-U NSA, standardization impact of CSI-RS for CSI acquisition and channel tracking should be considered:
· LBT impact to CSI-RS configuration;
· Multiplexing between SSB and CSI-RS.
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