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1	Introduction
RAN4#97-e agreed with the way forward on NR-U RRM test cases [1], where RAN4 agreed to define RRM test cases used for NR-U RRM test cases. We discuss the common test parameters (e.g. RMC and SSB configurations) required for NR-U RRM tests.
	Agreement:
· Create in TS 38.133 the following new top-level sections for NR-test cases:
· A.9	NR standalone tests with SCell under CCA and PCell in FR1
· A.10 	EN-DC tests with NR PSCell under CCA
· A.11 	NR-U standalone tests with NR PCell under CCA (note: including also NR/E-UTRA measurements and including re-selection in IDLE and HO from NR-U to NR-U/NR/E-UTRA cells and from NR-U/NR to NR-U cells)
· A.12	 E-UTRA standalone tests with NR-U cells
· Inter-RAT E-UTRA–NR-U cell re-selection with NR-U target cell
· Inter-RAT E-UTRA–NR-U HO with NR-U target cell
· Inter-RAT E-UTRA–NR-U measurements
· Inter-RAT SFTD with NR-U neighbor cell
· Develop new sections for common test parameters in NR-U RRM test cases according to the table.
	New section
	Title

	A.3.1.*
	… under CCA

	A.3.2.3
	Generic OFDMA Channel Noise Generator (OCNG) under CCA

	A.3.7B
	EN-DC test setup with PSCell under CCA

	A..3.8.4
	PRACH configuration under CCA

	A.3.10A
	SSB configurations under CCA

	A.3.16A
	TCI state configurations under CCA

	A.3.19
	Discovery Burst Transmission Window configuration under CCA

	A.3.20
	Signal transmission model under CCA

	NOTE: “*” denotes different relevant sub sections






2	Discussion
2.1	SCS and channel bandwidth
In Rel-15, RAN4 has defined RRM test cases with SSB SCS=15 kHz and SCS=30kHz. According to TS38.101-1, it is assumed NR-U is supported in bands n46 and n96, and these bands only support SSB SCS=30kHz with SS Block pattern case C. 
For PDSCH, Rel-15 RRM tests assume SCS=15kHz and SCS=30kHz for FDD and SCS=30kHz for TDD. For NR-U, however, the operating bands (n46/n96) are above 3GHz. For these bands, we think operators are interested in SCS=30kHz considering the available channel bandwidth. We therefore propose to assume SCS=30kHz only for NR-U test cases. 
Proposal 1: RAN4 define NR-U RRM test cases with SCS=30kHz for both SSB and data transmission. 
2.2	Discovery burst transmission (DBT)
RAN1 introduced the discovery burst to transmit the necessary information and signals at the same time within a short period. According to the RAN1 agreements:
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers (i.e. when accessing from IDLE). Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block (for SCells)
· TDM of Type0-PDCCH (for RMSI) and SSB similar to the existing the SSB and CORESET multiplexing pattern 1
· The SCS for all SSBs and CORESET#0 on a carrier is always the same for operation of NR in unlicensed spectrum
· The discovery burst consists at least of SS/PBCH block(s), Type0-PDCCH CSS+PDSCH (carrying SIB1), and CSI-RS (optional).
Network can configure multiple discovery bursts within a discovery burst transmission (DBT) window (TS38.213 Clause 4.1). According to TS38.331, the duration of DBT windows can be configured to {0.5ms, 1ms, 2ms, 3ms, 4ms, 5ms}, and the periodicity of the DBT window is same as the SSB transmission periodicity, that is, {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. 
Within the DBT window, SSB symbol positions in time domain for shared spectrum channel access are set as follows (TS 38.213 Clause 4.1):
· SCS=15kHz (Case A): {2, 8} + 14n, where n = {0, 1, 2, 3, 4} (10 candidates)
· SCS=30kHz (Case C): {2, 8} + 14n, where n = {0,1,2,3,4,5,6,7,8,9} (20 candidates)
Since the gNB cannot transmit SSB in the shared spectrum operation all the occasion due to DL LBT failure, RAN1 introduced a parameter ssb-PositionQCL (or ). to detect SSB reliably. In the spectrum sharing operation, UE assumes that SSBs that are within a same DBT window or across DBT windows are QCL’ed (type A), if a value of mod(, ) is same among the SSB blocks, where  is a PBCH DM-RS sequence index of the corresponding SSB. The network configures  = {1, 2, 4, 8} according to RAN1 agreements.
For Type0-PDCCH CCS monitoring, RAN1 has introduced new CORESET configuration dedicated for shared spectrum access (TS38.213 Table 13-1A for SCS=15kHz and Table 13-4A for SCS=30kHz). According to the configuration, the number of PRBs for COREST#0 should be 96 and 48 for SCS=15kHz and SCS=30kHz, respectively. Type0-PDCCH monitoring occasions start slot n0 in two consecutive slots, where n0 is determined with the candidate SSB index i, that is,  for SCS=15kHz and  for SCS=30kHz. The parameter pair (O, M) is specified in TS38.213 Table 13-11. In Rel-15 RRM tests, RAN4 sets (O, M)=(5,1) to avoid overlap between SSB and Type0-PDCCH in time domain. For NR-U, however, we should set (O,M)=(0, 1) to transmit both SSB and Type0-PDCCH in the same transmission burst. 
Figure 1 illustrates an example of the discovery burst, where SSB is transmitted in symbols 2-5 and Type-PDCCH search space is scheduled in symbols 0-1. PDSCH for RMSI is scheduled in slots 2-13 with 24PRB. 


[bookmark: _Ref58595906]Figure 1	Example of discovery burst.

Proposal 2: For NR-U RRM tests, define the following discovery burst transmission (DBT) window configurations under CCA:
· DBT Window duration: 5ms
· DBT Periodicity: 20ms
Proposal 3: For NR-U RRM tests, define new SSB configurations corresponding to the introduced DBT window configurations. 
· SCS=30kHz with SS Block pattern case C. 
Proposal 4: Configure PBCH DMRS sequence index with =1. 
Proposal 5: Define new RMC for CORESET for RMSI scheduling under CCA to transmit Type0-PDCCH in the discovery burst. 
· SCS=30kHz
· Refers to TS38.213 Table 13-4A Index 4 (i.e., 2 OFDM symbols, RB offset = 0).
· Refers to TS38.213 Table 13-11 Index 0 (i.e., O=0, M=1)
Proposal 6: Define new RMC for PDSCH for slots with RMSI under CCA
· SCS=30kHz
· Reuse the same configuration as RMC for PDSCH for slots with RMSI (i.e., Type A, 24PRB, MCS4, dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1, etc.)

2.3	RMC burst transmission
In RAN4#97-e, it was agreed to assume the NR-U RRM test is based on the single-carrier wideband operation where LBT in the wideband is assumed to be successful when LBT is successful in all LBT sub-bands within the UE DL BWP. In this case, we think the existing PDSCH/PDCCH RMC for TDD SCS=30kHz can be reused for NR-U RRM test cases. 
Unlike licensed spectrum operation, gNB cannot transmit RMC continuously in the unlicensed spectrum, and therefore PDSCH RMC for LTE LAA is not transmitted in subframes where it is determined that transmission should not occur according to the listen before talk. We think NR-U RRM tests can reuse the same transmission model, and RAN4 should define ‘RMC burst transmission’ model by reusing TS36.133 A.3.17.2 as follows:
	The length of the RMC transmission burst in slots is defined as N. The RMC burst transmission format is determined according to the steps below:
1. Select N randomly from a given set of the number of slots S1 = {[1,3,5,8]} with equal probability as the total length of RMC burst transmission format.
2. A uniform random variable from 0 to 1 is generated. If the random variable is less than PCCA_DL, a burst of N fully occupied slots is transmitted. Otherwise, the RMC transmission burst is muted and the muting duration is the same as the number N of slots for determined burst format.



Proposal 7: Define new RMC for PDSCH for slots without RMSI under CCA
· SCS=30kHz
· Reusing SR.2.1 TDD (i.e., Type A, 24PRB, MCS4, dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 2, etc.)
Proposal 8: For NR-U RRM tests, RMC is transmitted during the RMC transmission burst:
· The length of the RMC transmission burst in slots is defined as N. The RMC burst transmission format is determined according to the steps below:
1. Select N randomly from a given set of the number of slots S1 = {[1,3,5,8]} with equal probability as the total length of RMC burst transmission format.
2. A uniform random variable from 0 to 1 is generated. If the random variable is less than PCCA_DL, a burst of N fully occupied slots is transmitted. Otherwise, the RMC transmission burst is muted and the muting duration is the same as the number N of slots for determined burst format.
· RMC transmission burst is scheduled outside DBT window.
· RAN4 discuss further the number of slots in S1.

The existing NR RRM tests for licensed spectrum assume the TDD UL/DL configuration semi-static and it is signaled via RRC with TDD-UL-DL-ConfigurationCommon. It is not realistic for the unlicensed spectrum operation because of the nondeterministic channel access opportunity. We therefore propose NOT to configure TDD UL/DL configuration instead consider the DCI-based UL/DL scheduling for NR-U RRM tests, that is, DCI 1_1. Since the DCI-based slot format indication has already introduced in UE demodulation requirements (See TS 38.101-4 Table A.1.2-2a), we can reuse the configuration table although the detailed UL/DL assignments should be adapted to RRM tests.
Proposal 9: NR-U RRM tests does not configure tdd-UL-DL-ConfigurationCommon using RRC configuration. DL scheduling is configured by DCI 1_1 slot by slot.
Figure 2 illustrates an example of the DBT and RMC burst transmission.  


[bookmark: _Ref58624093]Figure 2	Example of RMC burst transmission.

2.4	OCNG
The current OCNG pattern is generic and they can be used for shared spectrum operation also.
Proposal 10: Reuse the existing OCNG patterns in A.3.2.1 for NR-U RRM tests. 
2.5	TCI state configuration
Since we don’t see that LBT would impact the TCI states, RAN4 can use the existing TCI state configuration for NR-U tests also.
Proposal 11: Reuse the existing TCI state configuration in A.3.16.2 for NR-U RRM tests. 
2.6	CSI-RS configuration (including TRS)
Although RAN4 agreed that the measurements are based on SSB only for NR-U, some RRM tests require to configure CSI-RS for CSI reporting and/or tracking. We propose to reuse the existing CSI-RS configuration in A.3.14.2 and A.3.17.1.2. If CSI-RS need to be inside DBT window, we can define new CSI-RS configuration accordingly. 
Proposal 12: Reuse the existing CSI-RS configurations in A.3.13.2 and A.3.17.1.2 for NR-U RRM tests. If necessary RAN4 define new CSI-RS configuration e.g. transmitted inside DBT window.

2.7	Antenna configuration
In Rel-15, RAN4 RRM tests are specified based on 2Rx, but TS38.133 A.3.6 specifies the antenna configuration and test applicability for UEs supporting 4Rx. For 4Rx UEs, RAN4 modifies the SNR test points for RLM/BM tests. Since NR-U is operated above 5GHz, and some UEs may support 4Rx. We propose to define a dedicated subclause for antenna configuration for unlicensed bands, i.e., A.3.6A to specify the antenna configuration, applicability, and modified SNR test points for 4Rx UEs.  
Proposal 13: Define new subclause for antenna configurations with unlicensed bands. For 4Rx UE, apply the same applicability rule as Rel-15 RRM test. 
3	Summary
Proposal 1: RAN4 define NR-U RRM test cases with SCS=30kHz for both SSB and data transmission. 
Proposal 2: For NR-U RRM tests, define the following discovery burst transmission (DBT) window configurations under CCA:
· DBT Window duration: 5ms
· DBT Periodicity: 20ms
Proposal 3: For NR-U RRM tests, define new SSB configurations corresponding to the introduced DBT window configurations. 
· SCS=30kHz with SS Block pattern case C. 
Proposal 4: Configure PBCH DMRS sequence index with =1. 
Proposal 5: Define new RMC for CORESET for RMSI scheduling under CCA to transmit Type0-PDCCH in the discovery burst. 
· SCS=30kHz
· Refers to TS38.213 Table 13-4A Index 4 (i.e., 2 OFDM symbols, RB offset = 0).
· Refers to TS38.213 Table 13-11 Index 0 (i.e., O=0, M=1)
Proposal 6: Define new RMC for PDSCH for slots with RMSI under CCA
· SCS=30kHz
· Reuse the same configuration as RMC for PDSCH for slots with RMSI (i.e., Type A, 24PRB, MCS4, dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1, etc.)
Proposal 7: Define new RMC for PDSCH for slots without RMSI under CCA
· SCS=30kHz
· Reusing SR.2.1 TDD (i.e., Type A, 24PRB, MCS4, dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 2, etc.)
Proposal 8: For NR-U RRM tests, RMC is transmitted during the RMC transmission burst:
· The length of the RMC transmission burst in slots is defined as N. The RMC burst transmission format is determined according to the steps below:
3. Select N randomly from a given set of the number of slots S1 = {[1,3,5,8]} with equal probability as the total length of RMC burst transmission format.
4. A uniform random variable from 0 to 1 is generated. If the random variable is less than PCCA_DL, a burst of N fully occupied slots is transmitted. Otherwise, the RMC transmission burst is muted and the muting duration is the same as the number N of slots for determined burst format.
· RMC transmission burst is scheduled outside DBT window.
· RAN4 discuss further the number of slots in S1.
Proposal 9: NR-U RRM tests does not configure tdd-UL-DL-ConfigurationCommon using RRC configuration. DL scheduling is configured by DCI 1_1 slot by slot.
Proposal 10: Reuse the existing OCNG patterns in A.3.2.1 for NR-U RRM tests. 
Proposal 11: Reuse the existing TCI state configuration in A.3.16.2 for NR-U RRM tests. 
Proposal 12: Reuse the existing CSI-RS configurations in A.3.13.2 and A.3.17.1.2 for NR-U RRM tests. If necessary RAN4 define new CSI-RS configuration e.g. transmitted inside DBT window.
Proposal 13: Define new subclause for antenna configurations with unlicensed bands. For 4Rx UE, apply the same applicability rule as Rel-15 RRM test. 
[bookmark: _GoBack]These proposals are captured in our CR [2].
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