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1. Introduction
At the RAN1#96 meeting, initial access signals and channels for NR-U were discussed and following agreements were made [1]. 
	Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.

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:
For PRACH evaluations, following metrics should be provided:
	Parameter
	Value
	Notes

	Scheme
	
	Eg. Alt4-ZC139x2

	SCS
	
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	
	Eg. 139, 

	# of repetition (R)
	
	If repetition of sequence is used in freq domain

	N_cs

	
	Eg. 11

	# of RBs used for one RO (N_RB)
	
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	
	MCL = P_TX-SNR-Np

	N_FDM
	
	# of ROs in 20MHz

	Capacity
	
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.

	
	
	






In this contribution, we discuss further on the initial access signals and channels for NR-U, including NR-U Discovery Reference Signal (DRS) design and PRACH design. 
2. Discussion on NR-U DRS
2.1	SS/PBCH block mapping pattern within a slot
At the last RAN1 meeting, it was agreed that SS/PBCH block mapping pattern within a slot for NR-U will be down-selected from two options as shown in Figure 1.
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Figure 1: SS/PBCH block mapping pattern options for NR-U

The option 1 can achieve the same SS/PBCH block mapping pattern within a slot between Rel-15 NR and NR-U. It would be able to facilitate the reuse of the procedures/implementations related to SS/PBCH block from Rel-15, such as SSB-based measurement/RLM, rate-matching around SSB and so on. Therefore, we think the option 1 should be the baseline candidate unless the option 1 has a significant issue in NR-U scenarios.
The possible motivation to change the SS/PBCH block mapping pattern within a slot from Rel-15 as in the option 2 is to achieve the exact same mapping of SS/PBCH block and RMSI PDCCH/PDSCH within a half-slot. It would be beneficial if a certain DRS unit (where one DRS unit consists of one SS/PBCH block and corresponding RMSI PDCCH/PDSCH) transmission in a first half-slot of a slot is failed due to LBT busy and is to be transmitted in a second half-slot of a slot. In addition, if the number of CORESET#0 symbols is two, the number of available symbols for RMSI PDSCH within a slot for first SSB within the slot (e.g., SSB#0) and that for second SSB within the slot (e.g., SSB#1) cannot be balanced in the option 1, while they can be balanced in the option 2 as well as the case with 1 symbol CORESET#0, as shown in Figure 2.
However, we think those potential benefits of the option 2 are not essential and potential drawbacks of the option 1 can be solved as below.
· The exact same mapping pattern for every half-slot is not essential if all possible transmission opportunities for a certain DRS unit are always fixed to either first half-slot or second half-slot. For example, if the number of DRS units for transmission within a DRS transmission window is even number, retransmission of DRS unit in first half-slot is possible only in first half-slot of other slots, and retransmission of DRS unit in second half-slot is possible only in second half-slot of other slots. Even if the number of DRS units for transmission within a DRS transmission window is odd number, such restriction is possible and it would not cause any significant drawback as long as there are multiple transmission opportunities for a DRS unit within a DRS transmission window.
· In case of two symbols for CORESET#0, even though number of available symbols for RMSI PDSCH in first DRS unit (first half-slot) and that in second DRS unit (second half-slot) could be balanced in the option 2, the number of RMSI PDSCH symbols i.e., 5 symbols would not be sufficient. Therefore, if two symbols for CORESET#0 are necessary, we think it is beneficial to use a DRS unit size of one-slot instead of half-slot as shown in Figure 3.
Therefore, we propose to use the option 1 for SS/PBCH block mapping pattern within a slot for NR-U.
Proposal 1: For SS/PBCH block time domain transmission pattern within a slot, SS/PBCH blocks are located at symbols (2,3,4,5) and (8,9,10,11) in the slot.
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Figure 2: Possible DRS unit structure based on half-slot size
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Figure 3: Possible DRS unit structure based on one-slot size for option 1


2.2	SS/PBCH block mapping enhancement in frequency domain
Since the bandwidth of SS/PBCH block based on Rel-15 design is not enough to satisfy the OCB requirement, possible SS/PBCH block mapping enhancement in frequency domain has been discussed. In NR-U deployment scenarios where RMSI transmission is necessary, RMSI PDSCH would be multiplexed in frequency domain with SS/PBCH block for each DRS unit and hence SS/PBCH block mapping enhancement in frequency domain is not necessary. In NR-U deployment scenarios where RMSI transmission is not necessary, it is possible to multiplex CSI-RS with SS/PBCH block in frequency domain. In addition, an inclusion of RMSI in DRS would be beneficial even in NSA NR-U scenario such as LAA since PLMN information in SIB1 can be used e.g., to identify target cell to be measured/reported. Therefore, the frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.
Observation 1: Frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.
· It would be beneficial to transmit RMSI as part of DRS even in NSA NR-U scenarios.


2.3	Type0-PDCCH monitoring occasion design for NR-U
At the RAN1 #NR-AH1901 meeting, following agreements regarding Type0-PDCCH monitoring configuration for NR-U were made [2].
	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)


[image: ]
Figure 4: Type0-PDCCH monitoring configuration for NR-U

In Rel-15, Table 13-11 in TS38.213 shows the possible Type0-PDCCH CSS set configurations for FR1 [3]. In case of indices with , SS/PBCH block and corresponding Type0-PDCCH monitoring occasions are located in different slots. It is not preferable in NR-U in terms of satisfying OCB requirement and minimizing DRS burst duration. Therefore, we propose to support the Type0-PDCCH monitoring configuration where the Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB, and we think other monitoring configurations where SS/PBCH block and corresponding Type0-PDCCH monitoring occasions are located in different slots are not necessary. The possible Type0-PDCCH monitoring configurations for NR-U are shown in Figure 4. Since necessary Type0-PDCCH monitoring configurations for NR-U are limited, it is possible to use a part of four LSBs of pdcch-ConfigSIB1 in MIB for some other purpose in NR-U.
Proposal 2: For NR-U, the Type0-PDCCH monitoring configuration supports limited configurations where Type0-PDCCH monitoring occasions are located within a same slot carrying corresponding SS/PBCH block.
· For NR-U, a part of pdcch-ConfigSIB1 in MIB can be used for some other NR-U specific purpose than CORESET#0/SS#0 configuration.


2.4	RMSI PDSCH rate matching around SS/PBCH block
In Rel-15, when receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH [4]. Therefore, in case of PDSCH mapping on symbols including SS/PBCH block symbols, PDSCH resource allocation on PRBs within SS/PBCH block bandwidth is not allowed for RMSI (and hence blank resources are shown in Figure 2). 
However, it will cause some essential issues in NR-U. The first issue is regarding RMSI PDSCH performance. Especially in case of DRS unit structure with half-slot size, available resource amount for RMSI PDSCH is quite limited. If SS/PBCH block PRBs on symbols not containing SS/PBCH block can be used for RMSI PDSCH, it is a significant improvement since available resource amount becomes about 1.64 times in case of 6 symbols for RMSI PDSCH and 30kHz SCS. Another issue is regarding Tx power fluctuation. If SS/PBCH block PRBs on symbols not containing SS/PBCH block are unused, Tx power on symbols containing SS/PBCH block and that on other symbols would be quite different.
Therefore, we propose to define the UE rate matching behavior around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH. In such case, DMRS for PDSCH cannot be located on SS/PBCH block PRBs on symbols containing SS/PBCH block. So, for the channel estimation for RMSI PDSCH, the use of DMRS for PBCH in addition to DMRS for PDSCH would be necessary.
Proposal 3: For NR-U, the UE rate matching behaviour around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH is defined.
· If the scheduled RMSI PDSCH resource collides with candidate SS/PBCH block transmission resource except for the resource of SS/PBCH block associated with the scheduled RMSI, UE assumes that PDSCH is transmitted on the resource (i.e., SS/PBCH block is not transmitted on the resource).


2.5	RMSI PDSCH resource allocation in time domain for NR-U
In Rel-15, RMSI PDSCH time domain resource allocation is Default A pattern for normal CP as defined in Table 5.1.2.1.1-2 in TS38.214 [4]. For NR-U, following new PDSCH time domain resource allocation patterns would be necessary.
· In case of 1 symbol CORESET#0 and DRS unit based on half-slot size, {S,L}={1,6} based on Type A would be used for DRS unit in first half-slot and {S,L}={8,6} based on Type B would be used for DRS unit in second half-slot. {S,L}={8,6} based on Type B is not defined in the current Default A pattern table.
· In case of 1 symbol CORESET#0 and DRS unit based on one-slot size, {S,L}={1,13} based on Type A would be used for DRS unit. If one blank symbol at the end of the slot is beneficial e.g., to make a LBT gap for transmission in next slot, {S,L}={1,12} based on Type A would be used for DRS unit. {S,L}={1,12} based on Type A is not defined in the current Default A pattern table.
· In case of 2 symbols CORESET#0 and DRS unit based on one-slot size, {S,L}={2,12} based on Type A would be used for DRS unit. If one blank symbol at the end of the slot is beneficial e.g., to make a LBT gap for transmission in next slot, {S,L}={2,11} based on Type A would be used for DRS unit. {S,L}={2,11} based on Type A is not defined in the current Default A pattern table.
Therefore, we propose to define new RMSI PDSCH time domain resource allocation table for NR-U.
Proposal 4: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
· {S,L}={1,6} based on Type A
· {S,L}={8,6} based on Type B
· {S,L}={1,13} based on Type A
· {S,L}={1,12} based on Type A
· {S,L}={2,12} based on Type A
· {S,L}={2,11} based on Type A


3. Discussion on NR-U PRACH
The waveform design for NR-U PRACH needs to be discussed with evaluations. There are four different alternative designs.
-	Alt-1: Uniform PRB-level interlace mapping
-	Alt-2: Non-uniform PRB-level interlace mapping 
-	Alt-3: Uniform RE-level interlace mapping 
-	Alt-4: Non-interlaced mapping 
Pros and cons of each alternative are also mentioned in the TR. We think multiple alternatives can be supported as long as each supported alternative has any reasonable use case(s) which cannot be covered by other alternatives.
Actually, we evaluate the performance of PRACH detection for following sequence designs where total bandwidth doesn’t exceed 20 MHz.
-	Alt-1: Uniform RB-level interlace mapping (ZC length = 113)
-	Alt-2-1: Non-uniform PRB-level interlace mapping (ZC length = 139, # of used interlaces = 2)
-	Alt-2-2: Non-uniform PRB-level interlace mapping (ZC length = 139, # of used interlaces = 4)
-	Alt-3: Uniform RE-level interlace mapping (ZC length = 139)
-	Alt-4: Non-interlaced mapping (ZC length = 139)
The correlation values between Tx sequence and cyclic shifted Rx sequences are calculated in frequency domain. Timing position that provides maximum correlation value is searched within the range of supposed timing variation. 
Evaluation results are shown in Figure 5 and Table 1. As shown in the results, PRACH preamble could be detected with comparable performance in all alternatives. Alt-3 achieves highest MCL and Alt-4 gives worst MCL, but the difference isn’t large. 
Alt-1, i.e. uniform RB-level interlace mapping whose ZC length is 113, is easiest to FDM with interlaced PUSCH. This alternative has high capacity compared with Alt-2, but it may need some specification effort and increase implementation complexity. That is because ZC length 113 is not specified in Rel-15 NR and it needs to be newly specified only for NR-U operation.
Alt-2-1, i.e. non-uniform PRB-level interlace mapping whose ZC length is 139 and number of used interlaces is 2, can be also multiplexed with PUSCH. However, the capacity of this alternative is less than that of Alt-1 due to more number of used interlaces, while this alternative can reuse ZC sequence in Rel-15 NR.
Alt-2-2, i.e. non-uniform PRB-level interlace mapping whose ZC length is 139 and number of used interlaces is 4, can be also multiplexed with PUSCH but only one interlace is available for PUSCH. The MCL and capacity are degraded from those of Alt-2-1. Specification impact seems same level with Alt2-1. There seems no reason to select this alternative.
Alt-3, i.e. uniform RE-level interlace mapping whose ZC length is 139, cannot be multiplexed in frequency domain with PUSCH. The PRACH capacity of this alternative is the largest among alternatives. 
Alt-4, i.e. consecutive mapping as in Rel-15 PRACH shows the best performance in terms of MCL. However, the bandwidth of consecutive PRACH with 30 kHz SCS is 4.17 MHz. It can meet the temporary exception of OCB requirement. On the other hand, the bandwidth with consecutive PRACH with 15 kHz SCS is only about 2 MHz which doesn’t meet the temporary exception of OCB requirement. If an enhancement with frequency domain repetition is applied, PSD is degraded compared with this result. 
Observation 2: NR-U PRACH preamble could to be detected with comparable performance in all alternatives. 
Observation 3: If ZC length is changed to 113, common uniform PRB level interlace as same as PUSCH can be used and the PRACH capacity can achieve high level.
Observation 4: With non-uniform PRB-level interlace mapping, the performance is not improved even if the number of used interlaces is increased.
Observation 5: With non-interlaced mapping as in Rel-15 PRACH, the PRACH bandwidth is too narrow to meet even temporary exception of OCB requirement in case of 15kHz SCS.
Observation 6: With non-interlaced mapping based on frequency domain repetition, PSD is decreased compared with that of other alternatives.
[image: ]
Figure 5: Evaluation results; (a) Mis-detection probability v.s. average SNR per RE with 30 kHz SCS, (b) Timing error with 15 kHz SCS at -2 dB SNR 

Table 1: Evaluation metrics
[image: ]


4. Conclusion
In this contribution, we discussed on the initial access signals and channels for NR-U, including NR-U Discovery Reference Signal (DRS) design and PRACH design. Based on the discussion, we made following proposals and observations.
Proposal 1: For SS/PBCH block time domain transmission pattern within a slot, SS/PBCH blocks are located at symbols (2,3,4,5) and (8,9,10,11) in the slot.
Observation 1: Frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.
· It would be beneficial to transmit RMSI as part of DRS even in NSA NR-U scenarios.
Proposal 2: For NR-U, the Type0-PDCCH monitoring configuration supports limited configurations where Type0-PDCCH monitoring occasions are located within a same slot carrying corresponding SS/PBCH block.
· For NR-U, a part of pdcch-ConfigSIB1 in MIB can be used for some other NR-U specific purpose than CORESET#0/SS#0 configuration.
Proposal 3: For NR-U, the UE rate matching behaviour around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH is defined.
· If the scheduled RMSI PDSCH resource collides with candidate SS/PBCH block transmission resource except for the resource of SS/PBCH block associated with the scheduled RMSI, UE assumes that PDSCH is transmitted on the resource (i.e., SS/PBCH block is not transmitted on the resource).
Proposal 4: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
· {S,L}={1,6} based on Type A
· {S,L}={8,6} based on Type B
· {S,L}={1,13} based on Type A
· {S,L}={1,12} based on Type A
· {S,L}={2,12} based on Type A
· {S,L}={2,11} based on Type A
[bookmark: _GoBack]Observation 2: NR-U PRACH preamble could to be detected with comparable performance in all alternatives. 
Observation 3: If ZC length is changed to 113, common uniform PRB level interlace as same as PUSCH can be used and the PRACH capacity can achieve high level.
Observation 4: With non-uniform PRB-level interlace mapping, the performance is not improved even if the number of used interlaces is increased.
Observation 5: With non-interlaced mapping as in Rel-15 PRACH, the PRACH bandwidth is too narrow to meet even temporary exception of OCB requirement in case of 15kHz SCS.
Observation 6: With non-interlaced mapping based on frequency domain repetition, PSD is decreased compared with that of other alternatives.
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Parameter Notes

Scheme

Uniform PRB-level

interlace (use 1

interlace, ZC113x2)

Non-uniform PRB-

level interlace (use

2 interlaces,

ZC139x2)

Non-uniform PRB-

level interlace (use

4 interlaces,

ZC139x2)

UIniform RE-level

interlace (use all

interlaces,

ZC139x2)

Non-

interlace(ZC139x2)

Eg. Alt4-ZC139x2

SCS 30kHz 30kHz 30kHz 30kHz 30kHz 15KHz or 30KHz

PRACH sequence

length (L_RA)

113 139 139 139 139 Eg. 139,

# of repetition (R) 1 1 1 1 1 If repetition of sequence is used in freq domain

# of RBs used for one

RO (N_RB)

10 12 12 12 12

# of RBs occupied by PRACH. Eg. 12 for ZC139

design

# of interlaces used by

one RO (N_interlace)

1 2 4 5 5

# of uniform interlaces (M=5 for 30KHz and M=10

for 15KHz) with RBs used for one PRACH RO

RACH frequency

occupancy (MHz)

3.39 4.17 4.17 4.17 4.17

The actually used bandwidth with one RO,

SCS*L_RA*R

Np= -174+10*log10(SCS*L_RA*R)+NF

NF=-5dB

SNR (dB) -2.9 -3.5 -3.4 -3.9 -4.5

SNR needed at 1% misdetection, read from

simulation curve

P_max (dBm) 20.41 20.79 20.79 22.9 16.35

Maximum allowed transmit power under PSD limit

of 10dBm/MHz measured in any 1MHz chunk and

considers the RBs used by the proposed scheme

Backoff (dB) 2.21 3.11 4.01 2.3 2.3

Backoff is computed as 95% percentile of CCDF of

[cubic metric] over the preambles in the RO. Note:

If cubic metric is not used, information on the

backoff metric used should be provided.

P_TX (dBm) 20.41 19.89 18.99 20.7 16.35

P_TX=min(P_max, 23- Backoff) is maximum

allowed transmit power for the waveform

considering backoff

MCL (dB) 167.008003 166.1886395 165.1886395 167.3986395 163.6486395 MCL = P_TX-SNR-Np

N_FDM 5 2 1 5 5 # of ROs in 20MHz

Capacity 560 276 138 690 690

Across all ROs in 20MHz. Should report any

constraints on ISD for the scheme evaluated.

Eg. 11

Noise level, Np

(dBm)

-143.698003 -142.7986395 -142.7986395 -142.7986395 -142.7986395

Value

N_cs 11 11 11 11 11
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