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1. Introduction
According to WID on NR-based access to unlicensed spectrum [1], the following parts should be specified:
-	Physical layer procedure(s) including [RAN1, RAN2]:
- 	Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)
- 	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1)
In this paper, the enhancements to initial access related procedures are discussed based on WID guidance and the previous agreements in the following sections.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Hlk521582650]DRS transmission and detection
[bookmark: _Ref20680412][bookmark: _Ref521492551]Type 0 PDCCH configuration
Regarding Coreset#0 limitations for NRU, the following agreements have been made so far:
Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.
Agreement:
· Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U
According to these limitations, only the following highlighted entries in Table 13-1 and 13-4 can be used for NRU UEs to determine Coreset#0 configuration:
Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16



It is obvious that the maximum number of allowable entries for NRU is 6 and thus 3 bits is enough for coreset#0 configuration. So the following updated table could be specified for NRU as Table 13-1a and Table 13-4a: 
Table 13-1a: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for unlicensed frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	96 
	1 
	38 

	1
	1 
	96 
	2 
	38 

	2-7 
	Reserved



Table 13-4a: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for unlicensed frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	48
	1
	12

	1
	1 
	48
	1
	14

	2
	1 
	48
	1
	16

	3
	1 
	48
	2
	12

	4
	1 
	48
	2
	14

	5
	1 
	48
	2
	16

	4-7 
	Reserved



[bookmark: _Ref21004847]Proposal 1: For NRU, 3 bits are used to configure coreset#0 in frequency domain by considering existing agreements.
Regarding Type 0 PDCCH monitoring slots, the following conclusion and agreement have been made so far: 
TR38.889 Conclusion:
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 (referred to as the NR-U DRS) can be beneficial
Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present

In other words, the RMSI including coreset#0 and PDSCH is better to be confined in the same slot. If SSB and its associated RMSI is separately in different slots, there may be the following drawbacks which are not good for NRU operation: 1) gaps between SSBs need to be filled as a continuous burst and the filled gap transmission (e.g. UE specific signal) may not meet Cat 2 DRS transmission content requirement; 2) the total time for SSB and RMSI becomes larger and may exceed Cat2 DRS transmission limit. On the other hand, confining SSB and its associated coreset#0 in the same slot could avoid these problems and increase significantly transmission opportunities for both SSB and RMSI. This could be achieved by the following configuration by jointly taking into account the above agreement on Type 0 PDCCH monitoring for QCLed SSBs:
	Index
	PDCCH monitoring occasions (SFN and slot number)
	Number of search space per slot
	First symbol index
(k = 0, 1, … 15)

	0
	

(mod (iQCL, Q)= mod (i, Q))
	
1
	0

	1
	

(mod (iQCL, Q)= mod (i, Q))
	
2
	

{0, if  is even}, {7, if  is odd}
Note: limited to only number of configured Coreset#0 symbols is 1



[bookmark: _Ref21004853]Proposal 2: For NRU, SSB and its associated Type 0 PDCCH are confined in the same slot and only 1 bit is used to configure Type 0 PDCCH in time domain.
Configuration of QCL parameter Q
For the QCL assumptions inside and across DRS transmission windows, the following agreements have been made so far:
Agreement: 
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.
· FFS: Further down-selection of allowed values.
Conclusion:
· The maximum number of PBCH DMRS sequences used in a cell is unchanged from Rel-15 (=8).
· The number of PBCH DMRS sequences used in a cell is independent of Q.

For the Type 0 PDCCH monitoring, it is already agreed that QCLed SSBs will share the same monitoring slots which involve QCL information. In NR Rel-15, the Type 0 PDCCH configuration is included in MIB for initial access UEs to receive RMSI. Naturally, the QCL parameters determining Type 0 PDCCH configuration should also be included in MIB. According to the discussions in 2.1.1, only 4 bits in total are needed for NRU type 0 PDCCH configuration which means two bits are spared which could be used for configuration of QCL parameter, i.e. {1,2,4,8}. If QCL parameter Q is not provided in MIB, UE may assume one certain QCL parameter when initial access. 
[bookmark: _Ref21004858]Proposal 3: QCL parameter Q is signalled in MIB for NRU serving cell.
For neighbour cell SSB-based RRM, SMTC will be configured to UE comprising of maximum 20 candidate SSB positions. Similarly, the transmitting SSB positions may vary in different SMTC periods, i.e. SSB#0, #1 #2, #3 in one SMTC period and SSB#4, #5, #6, #7 in next SMTC period. Thus QCL information is also needed to allow UE to average the measurement results on QCLed SSBs with different SSB position indices. 
[bookmark: _Ref21004863]Proposal 4: QCL parameter Q is signalled in neighbour cell RRM measurement configuration.
DRS transmission period and window
NR Rel-15 supports the following SS/PBCH Block periods {5, 10, 20, 40, 80, 160} ms while LAA Rel-13 supports DRS periods {40, 80, 160}ms. Naturally NRU will support flexible configuration of DRS periods. By considering the overhead, NRU DRS is better to be transmitted using longer periodicity, i.e. {40, 80, 160} ms. To obtain more transmission opportunities, it is better to allow DRS sliding within one specific window, which was agreed as at most 5ms. Longer DRS windows could increase the probability of successful DRS transmission. On the other hand, it will result in more power consumption since UE needs to search SSB within  longer DRS window. So DRS window duration should be flexible and could be configured in different cases. For example, in low interference case, shorter DRS window duration is enough and would be preferred to be configured. Thus, the following proposal is made:
[bookmark: PP1]Proposal 5: NR-U supports flexible configuration of DRS periods (e.g. {40ms, 80ms, 160ms}) and DRS transmission window durations (e.g. {1ms, 2ms, 3ms, 4ms, 5ms}).
Radio link monitoring
In RAN1#96, the following agreements were made on enhancements for RLM in NRU.
Agreement:
An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
FFS: Mechanism to handle missing RLM-RS due to LBT failure
In the licensed spectrum, both SSB and CSI-RS can be configured as RLM-RS and should be transmitted periodically. When the radio link quality assessed on any configured RLM-RS resource is better than the threshold Qin, in-sync is indicated. And when the radio link qualities assessed on all of the configured RLM-RS resources are worse than the threshold Qout, out-of-sync is indicated. However, in the unlicensed band, RLM-RS transmission may be blocked due to channel unavailability, which will lead to out-of-sync (OOS) indication more frequently, and then radio link failures will be declared more frequently. 
To avoid this issue, the indication criterion should be enhanced to ensure the accuracy of the radio link quality. For each configured RLM-RS, UE should determine whether the RLM-RS is detected, if the RLM-RS is not detected by UE, UE does not need to evaluate the hypothetic PDCCH BLER against Qin and Qout, and the number of times when the RLM-RS is not detected could be counted in each indication period. To verify the reliability of RLM-RS appearance detection, some evaluation is performed based on the simulation assumptions given in Table 1 and the results are shown in Figure 1.
Table 1: Simulation results for misdetection performance for RLM-RS
	Simulation parameters
	values

	Bandwidth
	20 MHz

	Channel model
	TDL-C Low 100ns 10Hz 1X2

	Subcarrier spacing
	30 kHz

	Target false alarm rate for CSI-RS/SSS/DRS(SSS+CSI-RS+PBCH DMRS)
	1%

	RMSI CORESET BW
	48 RB

	 Initial BWP size
	48 RB

	DCI size
	39bits



[image: ]
[bookmark: _Ref534725609]Figure 1  Miss-detection performance for RLM-RS 
Note that, as specified in [1], SNR region for in-sync is the SNR which can ensure BLER of RMSI PDCCH with AL=4 lower than 2%, and SNR region for out-of-sync is the SNR which cannot ensure BLER of RMSI PDCCH with AL=8 higher than 10%. Based on the simulation assumptions in Table 1 and simulation results in Figure 1, the in-sync and out-of-sync SNR region are [-inf, -4dB] and [2dB, inf], respectively. In licensed band, SSS and CSI-RS are used as RLM-RS, while in unlicensed band, it has been identified to be beneficial to include CSI-RS in DRS, thus both SSB and CSI-RS may be contained in DRS. In this case, all the RSs in DRS, including SSS, CSI-RS and PBCH DMRS, can be jointly utilized to detect whether RLM-RS is actually transmitted. As illustrated in Figure 1, SSS, CSI-RS and DRS are evaluated. The misdetection rates of SSS\CSI-RS\DRS are quite low even in low SNR region in real deployments, which means the RLM-RS misdetection performance is still reliable. 
[bookmark: OO1][bookmark: _Ref21004904]Observation 1: UE can detect whether the RLM-RS is actually transmitted with high reliability.
Based on this observation, one straightforward solution is skipping non-transmitted samples when performing IS and OOS evaluation, i.e. RAN4 evaluation period extension by considering RLM-RS transmission failure due to LBT. However, the reporting state when there is no transmitted RLM-RS sample in the indication period will remain the same as the previous one with RLM-RS transmission. So this will  duplicate previous reporting state by repeating it for N times if no RLM-RS samples in N contiguous indication periods as shown in the following figure.
[image: ]
Figure 2  Example for evaluation period extension in RAN4
To solve the above problem, the radio link quality indication mechanism can be enhanced by taking into account the number of RLM-RSs not detected as transmitted. If all RLM-RSs are determined as not transmitted, the ‘RLM-RS missing’ state can be indicated to the higher layer.
Alternatively, the OOS indication criterion can be enhanced by taking the times of RLM-RS not detected into account, without introducing a new state indicated to the higher layer. For example, if all configured RLM-RSs are determined as not detected in N consecutive indication periods, OOS is indicated to the higher layer.
[bookmark: _Ref521583932][bookmark: _Ref521596674][bookmark: PP4]Proposal 6: Radio link quality indication in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.
· ‘RLM-RS missing’ state can be indicated to the higher layer when none of the RLM-RSs is detected in an indication period, or
· OOS can be indicated to the higher layer when none of the RLM-RSs is detected in a certain number of consecutive indication periods.
Enhancement for RACH procedure
Generally, the RACH procedure in NR Rel-15 can be reused for NRU. Nevertheless, the following issues should be considered to improve the NRU RACH performance.
SSB & RO association
In Rel-15, there is no QCL assumption between SSBs with different SSB indices in a SSB burst set, and each RACH occasion can be associated to the actually transmitted SSBs, as indicated in ssb-PositionInBurst, in FR1. When multiple SSBs are associated to the same RO, each SSB is associated with a subset of the preambles.
As discussed in section 2.1.2, QCL assumption for SSBs with different SSB indices/position indices in a DRS transmission window can be assumed when indicated. It is a simple way to reuse the SSB and RO mapping rule in Rel-15 for NRU. However, with the QCL assumption between SSBs, the SSB RO association rule can be enhanced to further reduce the access delay for PRACH transmission. Assuming Q=4, the number of actually transmitted SSBs indicated by ssb-PositionInBurst is 8, the number of FDMed RACH occasion is 4, the number of time domain PRACH occasions in a RACH slot is 2, and each SSB is mapped to 1 RACH occasion, in this case, only one PRACH occasion can be used for each SSB selected for PRACH transmission in a RACH slot, as illustrated in Figure 3(a). However, if the QCLed SSBs, e.g. {0,4},{1,5},{2,6},{3,7}, share the same RO, the number of ROs for each SSB in a PRACH slot can be doubled, as shown in Figure 3 (b). In other words, SSB and RO mapping rule can be enhanced by taking the QCL assumptions into consideration, which can be named as QCLed SSBs and RO mapping rule.


[bookmark: _Ref16775288]Figure 3 QCLed SSB group and RO mapping rule
Alternatively, the SSB and RO association indicated by RRC signaling can remain the same as that in Rel-15, with additional rule that if UE selects one SSB for PRACH procedure, PRACH can also be transmitted in ROs associated with the SSBs QCLed with the SSB that UE selected. If more than one RACH occasions can be used in one PRACH instance, UE can randomly select one to transmit PRACH.
[bookmark: _Ref21004879][bookmark: PP11][bookmark: PP8]Proposal 7: SSB and RO mapping rule can be enhanced by taking the QCL assumptions into consideration, following options can be considered.
· The SSB&RO mapping rule is revised to QCLed SSB group and RO mapping rule.
· Reuse the SSB&RO mapping in Rel-15, with additional rule that if UE selects one SSB for PRACH procedure, the ROs associated with the SSBs QCLed with the SSB that UE selected can also be used.
3. Conclusion
In this contribution, we focus on the design of initial access procedure for NR-U, and have the following proposals:
Proposal 1: For NRU, 3 bits are used to configure coreset#0 in frequency domain by considering existing agreements.
Proposal 2: For NRU, SSB and its associated Type 0 PDCCH are confined in the same slot and only 1 bit is used to configure Type 0 PDCCH in time domain.
Proposal 3: QCL parameter Q is signalled in MIB for NRU serving cell.
Proposal 4: QCL parameter Q is signalled in neighbour cell RRM measurement configuration.
Proposal 5: NR-U supports flexible configuration of DRS periods (e.g. {40ms, 80ms, 160ms}) and DRS transmission window durations (e.g. {1ms, 2ms, 3ms, 4ms, 5ms}).
Observation 1: UE can detect whether the RLM-RS is actually transmitted with high reliability.
Proposal 6: Radio link quality indication in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.
Proposal 7: SSB and RO mapping rule can be enhanced by taking the QCL assumptions into consideration, following options can be considered.
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