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1. Introduction
At the RAN1#97 meeting, initial access signals and channels for NR-U were discussed and following agreements were made [1]. 
	R1-1907733	Feature lead summary on initial access signals and channels for NR-U	Qualcomm Incorporated
Agreement:
For SSB positions and type-0 PDCCH monitoring in a slot, only Alternatives 1 and 2 (from the previous agreement in RAN1#96bis) are considered further.
Note: As per the previous agreement one of Alternative 1 and 2 is to be selected at RAN1#97

R1-1907883	Feature lead summary on initial access signals and channels for NR-U	Qualcomm Incorporated
Conclusion:
There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 

R1-1907884	[DRAFT] LS to RAN4 on impact of sync raster placement for NR-U in RAN1	Qualcomm
The final LS is approved in R1-1907896 with the main body of the LS changed to the following:
“RAN1 understands RAN4 is discussing the sync raster design for NR-U band in 5GHz with the options of placing the sync raster either in approximately the middle of each 20MHz channel, or at approximately the edge of each 20MHz channel. RAN1 evaluated the impact to RAN1 if either of the options are adopted in RAN4.

From a RAN1 perspective, in unlicensed bands, where the DL initial BWP is nominally 20 MHz, RAN4 decisions on sync raster points have consequences on RAN1 design. RAN1 has discussed these consequences. 
· If a SSB is not close to the edge, the number of RBs available to carry SIB1 would be limited although further enhancement to introduce rate matching around the SSBs to address this limitation are being discussed in RAN1
· If a SSB is close to the edge, the number of RBs available to carry SIB1 would be less limited although whether or not further enhancement to introduce rate matching around the SSBs is needed is being discussed in RAN1”

Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “NR-U initial access signals and channels” agenda was endorsed [2].
	7.2.2.1.1 Initial access signals and channels
Essential
· Wideband PRACH design (long sequence vs repetition)
· Supported PRACH formats (legacy PRACH and new PRACH)
· RMSI PDSCH to SSB rate matching (impacted by RAN4 sync raster decision, if the decision does not guarantee SSB placement at the edge of the initial DL BWP)
· Also impact default PDSCH SLIV table configuration
· RMSI (PLMN) transmission in Scell
Optimizations
· CSI-RS FDM with SSB (impacted by RAN4 sync raster decision)
· Additional PRACH numerology
· Multiplexing of PRACH and other channels
· Whether to introduce LBT gap between ROs



In this contribution, we discuss further on the initial access signals and channels for NR-U. 
2. Discussion on NR-U initial access signals and channels regarding DRS
2.1	SS/PBCH block mapping pattern and Type0-PDCCH monitoring occasion within a slot
At the last RAN1 meeting, there was no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot, and hence it was concluded that no further online or scheduled offline discussions will be conducted on this topic.
Even if no enhancement regarding SSB positions and Type-PDCCH monitoring occasion within a slot is introduced for NR-U, following configurations based on Rel-15 NR specification are available for NR-U.
· Case A (for 15 kHz SCS) and Case C (for 30 kHz SCS) SSB positions within a slot as defined in TS38.213 [3]
· PDCCH monitoring occasions for Type0-PDCCH CSS set based on Table 13-11 in [3]
· 
As shown in Figure 1 (a), in case that two Type0-PDCCH CSS sets within a slot are used, corresponding PDCCH monitoring occasions are started from symbol index #0 and #, respectively.
However, following configurations that have been discussed in NR-U WI are unavailable if no enhancement is introduced.
· Using two SSBs in a slot and two corresponding Type0-PDCCH CSS sets with two symbols CORESET#0 in the same slot with SSBs is not available.
· Monitoring of Type0 PDCCH of the 2nd SSB in a slot in the gap between 1st and 2nd SSB within the slot is not available although the support of this was agreed at RAN1 NR-AH#1901 meeting.
· [image: ]
· Figure 1: Possible Type0-PDCCH monitoring occasions within a slot

Although there was extensive discussion and no consensus on enhancement regarding SSB positions and type-0 PDCCH monitoring occasion within a slot, we think it is reasonable to support at least on “common part” among alternative proposals. In our understanding, the common part is to support monitoring of Type0-PDCCH of the 2nd SSB at symbol#7 (i.e., in case of two Type0-PDCCH CSS sets with one symbol CORESET#0) in a slot as shown in Figure 1 (b). If this is supported, in case of one symbol CORESET#0, half-slot based DRS unit transmission can be achieved and it facilitates a half-slot based SSB position shift that increases DRS transmission opportunities within DRS transmission window. As mentioned above, it was actually agreed in the previous RAN1 meeting to support such case. For the case of two symbols CORESET#0, there are two possible operations/configurations of Type0-PDCCH monitoring. One is to configure Type0-PDCCH monitoring occasions in slots that do not contain candidate SSB positions, i.e., outside DRS transmission window, as shown in Figure 1 (c). Another is to configure Type0-PDCCH monitoring occasions in slots containing candidate SSB positions while only one Type0-PDCCH CSS set is actually used in the slots, e.g., by using only 1st candidate SSB position in each slot as shown in Figure 1 (d).
Proposal 1: Monitoring of Type0 PDCCH of the 2nd SSB at symbol#7 is supported only for one symbol CORESET#0 case.
· When two symbols CORESET#0 is configured and Type0-PDCCH monitoring occasions for two search space sets are configured in a slot containing candidate SSB positions, UE assumes that 2nd SSB position in a slot is not used for SSB transmission so that an effective number of search space sets per slot is 1.

2.2	controlResourceSetZero and searchSpaceZero configurations for NR-U
Regarding controlResourceSetZero for NR-U, RAN1 made following agreements in NR-U WI.
	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 

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.


Therefore, it is straightforward to apply followings to controlResourceSetZero for NR-U.
· Two tables (one for 30kHz SCS case, another for 15kHz SCS case) for controlResourceSetZero configurations are newly defined for NR-U frequency bands (in TS38.213 section 13).
· 

For controlResourceSetZero configurations for 30 kHz SCS case, “SS/PBCH block and CORESET multiplexing pattern” is fixed to 1, “Number of RBs: ” is fixed to 48, and “Number of Symbols: ” is 1 or 2, according to the above agreements. “Offset (RBs)” parameter can also be fixed to a single specific value according to SS raster design (e.g., if RAN4 agrees that SS raster is located close to the lowest edge for every 20MHz, “Offset (RBs)” is fixed to 0).
· 

For controlResourceSetZero configurations for 15 kHz SCS case, “SS/PBCH block and CORESET multiplexing pattern” is fixed to 1, “Number of RBs: ” is fixed to 96, and “Number of Symbols: ” is 1 or 2, according to the above agreements. “Offset (RBs)” parameter can also be fixed to a single specific value according to SS raster design (e.g., if RAN4 agrees that SS raster is located close to the lowest edge for every 20MHz, “Offset (RBs)” is fixed to 0).

If above is applied to controlResourceSetZero configurations for NR-U, only 1 bit for determining “Number of Symbols: ” is sufficient while remaining 3 bits in controlResourceSetZero can be reserved or can be used to carry some NR-U specific information. For example, in agenda 7.2.2.2.2 for NR-U initial access procedure, it is an on-going discussion whether the value of “Q” for determining QCL relation between candidate SSB positions is indicated in MIB or not. If the value of Q, e.g., Q={1, 2, …, 8}, is indicated by using the remaining 3 bits in controlResourceSetZero, the UE can derive QCL relation between candidate SSB positions based on the detected SSB. Hence, the UE can be aware of candidate SSB positions and Type0-PDCCH monitoring occasions that are potentially used for the same gNB Tx beam according to LBT result. It would also be beneficial for SSB measurement during SIB1 reading to determine PRACH occasion.
Proposal 2: Two tables (one for 30kHz SCS case, another for 15kHz SCS case) for controlResourceSetZero configurations are newly defined for NR-U frequency bands.
· 
For NR-U frequency bands, “SS/PBCH block and CORESET multiplexing pattern” is fixed to 1, “Number of RBs: ” is fixed to 96/48 (for 15/30 kHz SCS), and “Offset (RBs)” parameter is fixed to a single specific value according to SS raster design to be decided in RAN4.
· 
For NR-U frequency bands, 4 bits of controlResourceSetZero configuration are used to indicate “Number of Symbols: ” by using 1 bit (i.e., 1 or 2) and “Value of Q” by using remaining 3 bits (e.g., Q={1, 2, …, 8}).

Regarding searchSpaceZero for NR-U, Table 13-11 in TS38.213 can be a starting point. For NR-U SSB, extended candidate positions within 5 ms DRS transmission window are to be defined. Hence, even when LBT for SSB transmission at original candidate position is failed, the same SSB (i.e., same QCL properties) can be transmitted in other candidate position within the DRS transmission window as long as LBT for SSB transmission at that candidate position is passed. When SSB transmission position is shifted due to LBT failure, corresponding RMSI PDCCH position should also be able to be shifted. Otherwise, although SSB transmission opportunities are increased to cope with LBT, RMSI PDCCH transmission opportunities are not increased and it will cause initial access delay or even failure. Therefore, we propose to support Type0-PDCCH monitoring on multiple candidate RMSI PDCCH transmission positions within a Type0-PDCCH monitoring period such as 20 ms.

In Rel-15 FR1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot . In NR-U, candidate SSB transmission positions for the same QCL properties would be in multiple non-consecutive slots based on wrap-around manner (e.g., when Q=8, candidate positions for SSB#0 would be in slot #0, #4, #8). Therefore, type0-PDCCH monitoring occasions corresponding to a certain SSB (i.e., same QCL properties) should also be in multiple non-consecutive slots based on wrap-around manner, at least when SSB and corresponding RMSI PDCCH are to be transmitted in the same slot.
On the other hand, it is also possible to transmit SSB and corresponding RMSI PDCCH in different slots. Even in such case, multiple candidate RMSI PDCCH transmission positions within a period (i.e., UE monitoring of multiple Type0-PDCCH MOs within a period) would be beneficial to cope with potential LBT failure for RMSI PDCCH transmission at original position. But the number of Type0-PDCCH MOs within a period should not be too many, and multiple Type0-PDCCH MOs within a period should be separated by a reasonable time interval based on typical COT duration of coexisting system such as several ms.

Proposal 3: In NR-U frequency band, a UE monitors PDCCH in the Type0-PDCCH CSS set over multiple slots + within a 20 ms period.
· X is determined based on the value of Q and number of search space sets per slot, e.g., , at least when SSB and corresponding RMSI PDCCH are to be transmitted in the same slot.
· n is 0, 1, …, N-1 where N is the number of candidate SSB transmission positions for a certain SSB (i.e., same QCL properties) within DRS transmission window, at least when SSB and corresponding RMSI PDCCH are to be transmitted in the same slot.

For NR-U, searchSpaceZero configurations with index 8-15 in Table 13-11 would not be necessary. For the case where SSB and corresponding RMSI PDCCH are to be transmitted in the same slot, setting “Number of search space sets per slot” and value of “M” to 2 and 1/2 respectively as shown in Figure 2 (a) would be beneficial. When it is sufficient to use one symbol CORESET#0, both half-slot based and slot-based DRS unit transmission containing SSB and corresponding RMSI PDCCH in the same half-slot/slot are possible. However, when two symbols CORESET#0 is necessary, as discussed in section 2.1, transmitting two SSBs and corresponding RMSI PDCCHs in the same slot is not possible due to collision between SSB symbol and PDCCH symbol. Therefore, support of the case where SSB and corresponding RMSI PDCCH are to be transmitted in different slots (e.g., in different half frames) is necessary, and in such case both half-slot based and slot-based RMSI transmission should be supported as shown in Figure 2 (b). Hence, configurability for value of “O”, “Number of search space sets per slot” and value of “M” as in Rel-15 FR1 can be reused for NR-U. 
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Figure 2: Examples of monitoring multiple Type0-PDCCH monitoring occasions within a period

In summary, one table for searchSpaceZero configurations can be newly defined for NR-U frequency bands. Based on proposed controlResourceSetZero and searchSpaceZero configurations for NR-U, following Type0-PDCCH monitoring configurations are available.
· When one symbol CORESET#0 is used,
· 
If RMSI TB size is small, two Type0-PDCCH CSS sets per slot can be configured in either slots with candidate SSB positions or slots without candidate SSB positions. First symbol index for Type0-PDCCH monitoring in the slots is #0 and #7 (or #).
· If RMSI TB size is large, one Type0-PDCCH CSS set per slot can be configured in either slots with candidate SSB positions or slots without candidate SSB positions. First symbol index for Type0-PDCCH monitoring in the slots is #0.
· When two symbols CORESET#0 is used,
· 
If RMSI TB size is small, two Type0-PDCCH CSS sets per slot can be configured in slots without candidate SSB positions. First symbol index for Type0-PDCCH monitoring in the slots is #0 and # (or #7).
· If RMSI TB size is large, one Type0-PDCCH CSS set per slot can be configured in either slots with candidate SSB positions or slots without candidate SSB positions. First symbol index for Type0-PDCCH monitoring in the slots is #0.
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Figure 3: Proposed controlResourceSetZero and searchSpaceZero configuration tables for NR-U

For one-slot size DRS unit transmission (e.g., when RMSI TB size is large), one possible way is to use only candidate SSB positions with even index. It is beneficial to indicate whether only candidate SSB positions with even index are to be used or all candidate SSB positions are to be used, since UE can omit searching SSB in candidate SSB positions with odd index. Therefore, we propose to indicate this information by using searchSpaceZero configuration.
Proposal 4: One table for searchSpaceZero configurations is newly defined for NR-U frequency bands.
· The configurability for value of “O”, “Number of search space sets per slot” and value of “M” as searchSpaceZero configurations index 0-7 for Rel-15 NR FR1 is reused.
· The searchSpaceZero configuration also indicates whether only candidate SSB positions with even index are to be used or all candidate SSB positions are to be used.

Proposed controlResourceSetZero and searchSpaceZero configuration tables for NR-U are shown in Figure 3.

2.3	RMSI PDSCH enhancements 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]. Following existing configurations would be necessary/useful for NR-U RMSI PDSCH.
· Row index 1 ({S,L}={2,12}) would be used in case of two symbols CORESET#0 and large RMSI TB size
· Row index 2 ({S,L}={2,10}) would be used in case of two symbols CORESET#0, large RMSI TB size and 2 blank symbols at the end of the slot (e.g., for 1 symbol UL in the slot)
· Row index 12 ({S,L}={1,13}) would be used in case of one symbol CORESET#0 and large RMSI TB size
· Row index 14 ({S,L}={2,4}) would be used for 1st SSB in a slot in case of one symbol CORESET#0 and small RMSI TB size
· Row index 16 ({S,L}={8,4}) would be used for 2nd SSB in a slot in case of one symbol CORESET#0 and small RMSI TB size
Table I: Number of available REs for RMSI PDSCH
	(30kHz SCS is assumed)
	4 symbol PDSCH
	5 symbol PDSCH
	6 symbol PDSCH
	12 symbol PDSCH

	w/o RM around SSB, 48 PRBs
	1344 REs
	1680 REs
	2016 REs
	4032 REs

	w/ RM around SSB, 48 PRBs
	1344 REs
	1920 REs
	2496 REs
	5952 REs

	In slot w/o candidate SSB positions, 48 PRBs
	2304 REs
	2880 REs
	3456 REs
	6912 REs



In addition to above configurations, we think some new configurations would be necessary/useful for NR-U RMSI PDSCH. For example, if PDSCH type B mapping with 6 symbols are supported, the number of REs available for RMSI PDSCH within a slot with candidate SSB positions is increased from 1344 REs to 2016 REs as shown in Table I. Another example is that 1 symbol gap at the end of the slot would be beneficial to facilitate next burst transmission from the beginning of next slot. So, following configurations would also be necessary/useful for NR-U RMSI PDSCH.
· Row index 13 ({S,L}={1,6}) would be used for 1st SSB in a slot in case of one symbol CORESET#0 and small-medium RMSI TB size
· New configuration ({S,L}={8,6}) would be used for 2nd SSB in a slot in case of one symbol CORESET#0 and small-medium RMSI TB size
· New configuration ({S,L}={1,12}) would be used in case of one symbol CORESET#0, large RMSI TB size and 1 blank symbols at the end of the slot
· New configuration ({S,L}={2,11}) would be used in case of two symbols CORESET#0, large RMSI TB size and 1 blank symbols at the end of the slot

Therefore, we propose to define new RMSI PDSCH time domain resource allocation table for NR-U.
Proposal 5: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
· Existing configurations of Row index {1, 2, 12, 13, 14, 16}
· New configurations with {S,L}={8,6}, {1,12}, {2,11}

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. 
However, it may cause a potential issue in NR-U. The 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. 
On the other hand, if the RMSI PDSCH rate matching around SS/PBCH block is defined for NR-U, the number of available REs for RMSI PDSCH can be increased. For example, as shown in Table I, in case of 6 and 12 symbols PDSCH, the number of REs available for RMSI PDSCH within a slot containing candidate SSB positions can be increased from 2016 and 4032 REs to 2496 and 5952 REs, respectively.
Therefore, we propose to define the UE rate matching behavior around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH. As proposed in section 2.2, if searchSpaceZero configuration in MIB indicates whether only candidate SSB positions with even index are to be used or all candidate SSB positions are to be used, such information can be used for the rate matching. If it is indicated that only candidate SSB positions with even index are to be used, UE assumes PDSCH is transmitted on the resource which collides with candidate SSB resource (except for the SSB resource associated with the scheduled RMSI). If it is indicated that all candidate SSB positions are to be used, UE assumes SSB is transmitted on the candidate SSB resource.
Proposal 6: For NR-U, the UE rate matching behaviour around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH is defined.
· If it is indicated that only candidate SSB positions with even index are to be used, UE assumes PDSCH is transmitted on the resource which collides with candidate SSB resource (except for the SSB resource associated with the scheduled RMSI). 
· If it is indicated that all candidate SSB positions are to be used, UE assumes SSB is transmitted on the candidate SSB resource.

2.4	RMSI transmission on NR-U SCell
RMSI transmission on NR-U SCells was proposed in [5] in order to resolve PCI confusion, and this topic is categorized as essential in [2]. RMSI transmission on NR-U SCell is beneficial not only for ANR and PCI confusion resolution, but also for DRS transmission without implementation based reservation signal transmission. Therefore the RMSI transmission on NR-U SCell should also be possible and configurable as in Rel-15 so that NW operators can decide whether the RMSI transmission on NR-U SCell is performed or not in their NW operation. 

Proposal 7: RMSI transmission on NR-U SCell is possible and configurable as in Rel-15.

2.5	SSB frequency location and FDM between SSB and CSI-RS
In Rel-15, it is specified that at least 24 continuous PRBs are configured for CSI-RS. When SSB and CSI-RS are FDMed in the LBT bandwidth of 20 MHz, SSB has to be allocated close to the edge of the band, as shown in Fig. 4. Although the SSB frequency position within LBT bandwidth for NR-U is up to RAN4 decision, it is preferable to be designed so that it SSB is located close to the edge in order to keep Rel-15 CSI-RS design.
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Figure 4: FDM between SSB and CSI-RS with different SSB positions.

Proposal 8: Although SSB frequency position for NR-U is up to RAN4 decision, it should be close to the edge in order to keep Rel-15 CSI-RS design.

3. Discussion on NR-U initial access signals and channels regarding RACH
3.1	Wideband PRACH design (long sequence vs repetition)
At the previous RAN1 meetings, the waveform design for NR-U PRACH was discussed and following alternatives were identified.
· Alt.1: ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Alt.2: Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz

Longer ZC sequence (Alt.1) has advantage of large capacity for preambles and large MCL (Maximum Coupling Loss) because of lower PAPR (Peak-to-Average Power Ratio). On the other hands, it would have larger impacts on specifications, and hence further discussion for new RACH configurations, such as a root sequence index table, an N_CS table, and a resource allocation table, shall be performed. In the repetition of Rel-15 PRACH sequence (Alt.2), it would have less impacts on specifications, however, further study for the specification and performance improvement shall be considered because of a new approach for expanding channel bandwidth. Therefore, since Alt.1 has advantage for performance, we propose to specify Alt.1 for wideband PRACH design. Regarding actual ZC sequence length, there are two candidate values for each of SCS. Smaller candidate value cannot achieve PRACH transmission bandwidth wider than 16MHz (i.e., more than 80% of 20MHz bandwidth), but considering total transmission power limitation and PSD limitation, it may be able to achieve better coverage than Rel-15 PRACH and Alt.1 based PRACH applying larger candidate value of sequence length. However, since PRACH coverage performance would not be an optimization point for NR-U, we prefer larger candidate value of ZC sequence length which can meet OCB requirements. Based on the consideration, we conclude following proposal.

Proposal 9: Longer ZC sequence with L_RA = 1151/571 for 15/30kHz is specified for wideband PRACH design.

3.2	Supported PRACH formats (legacy PRACH and new PRACH) and numerology
At the previous RAN1 meetings, PRACH format for NR-U was discussed. The support of preamble format A is preferred by majority of the companies, and several companies also prefer to support the preamble format B, since GP may be convenient for LBT. GP of the preamble format B is up to 25.8 sec (preamble format B4), although at maximum 79 sec shall be assumed for LBT as shown in Fig. 5. Thus, we think that GP of the preamble format B is not sufficient for LBT, and the preamble format B is not necessary for NR-U. For LBT, LBT gap between ROs for preamble format A should be introduced as discussed in Section 3.3.

[image: ]
Figure 5: Length of OFDM symbols for SCS = 15 kHz and 30 kHz, and LBT

Proposal 10: Only preamble format A is supported for NR-U.

3.3	Whether to introduce LBT gap between ROs
At the previous RAN1 meetings, introduction of LBT gap between ROs was discussed. As shown in Fig.5, 2 symbols for SCS = 15 kHz, and 3 symbols for SCS = 30 kHz are necessary for the LBT gap considering at maximum 79 usec for LBT. Figure 6 shows our proposed RACH occasions of the preamble format A with LBT gap. Since LBT gaps are better to be allocated within a preamble slot, 2 or 3 symbols for LBT gaps are allocated before ROs, as shown in Fig.6. 

[image: ]
Figure 6: Proposal of RACH occasions of preamble format A with LBT gap 

Proposal 11: 2 symbols for SCS = 15 kHz, and 3 symbols for SCS = 30 kHz shall be considered for LBT gap, and LBT gap shall be allocated within a preamble slot, thus, 2 or 3 symbols for LBT gaps should be allocated before ROs.

4. Conclusion
In this contribution, we discussed on the initial access signals and channels for NR-U, including DRS aspects and RACH aspects. Based on the discussion, we made following proposals.
Proposal 1: Monitoring of Type0 PDCCH of the 2nd SSB at symbol#7 is supported only for one symbol CORESET#0 case.
· When two symbols CORESET#0 is configured and Type0-PDCCH monitoring occasions for two search space sets are configured in a slot containing candidate SSB positions, UE assumes that 2nd SSB position in a slot is not used for SSB transmission so that an effective number of search space sets per slot is 1.
Proposal 2: Two tables (one for 30kHz SCS case, another for 15kHz SCS case) for controlResourceSetZero configurations are newly defined for NR-U frequency bands.
· 
For NR-U frequency bands, “SS/PBCH block and CORESET multiplexing pattern” is fixed to 1, “Number of RBs: ” is fixed to 96/48 (for 15/30 kHz SCS), and “Offset (RBs)” parameter is fixed to a single specific value according to SS raster design to be decided in RAN4.
· 
For NR-U frequency bands, 4 bits of controlResourceSetZero configuration are used to indicate “Number of Symbols: ” by using 1 bit (i.e., 1 or 2) and “Value of Q” by using remaining 3 bits (e.g., Q={1, 2, …, 8}).

Proposal 3: In NR-U frequency band, a UE monitors PDCCH in the Type0-PDCCH CSS set over multiple slots + within a 20 ms period.
· X is determined based on the value of Q and number of search space sets per slot, e.g., , at least when SSB and corresponding RMSI PDCCH are to be transmitted in the same slot.
· n is 0, 1, …, N-1 where N is the number of candidate SSB transmission positions for a certain SSB (i.e., same QCL properties) within DRS transmission window, at least when SSB and corresponding RMSI PDCCH are to be transmitted in the same slot.
Proposal 4: One table for searchSpaceZero configurations is newly defined for NR-U frequency bands.
· The configurability for value of “O”, “Number of search space sets per slot” and value of “M” as searchSpaceZero configurations index 0-7 for Rel-15 NR FR1 is reused.
· The searchSpaceZero configuration also indicates whether only candidate SSB positions with even index are to be used or all candidate SSB positions are to be used.
Proposal 5: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
· Existing configurations of Row index {1, 2, 12, 13, 14, 16}
· New configurations with {S,L}={8,6}, {1,12}, {2,11}
Proposal 6: For NR-U, the UE rate matching behaviour around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH is defined.
· If it is indicated that only candidate SSB positions with even index are to be used, UE assumes PDSCH is transmitted on the resource which collides with candidate SSB resource (except for the SSB resource associated with the scheduled RMSI). 
· If it is indicated that all candidate SSB positions are to be used, UE assumes SSB is transmitted on the candidate SSB resource.
Proposal 7: RMSI transmission on NR-U SCell is possible and configurable as in Rel-15.
Proposal 8: Although SSB frequency position for NR-U is up to RAN4 decision, it should be close to the edge in order to keep Rel-15 CSI-RS design.
Proposal 9: Longer ZC sequence with L_RA = 1151/571 for 15/30kHz is specified for wideband PRACH design.
Proposal 10: Only preamble format A is supported for NR-U.
Proposal 11: 2 symbols for SCS = 15 kHz, and 3 symbols for SCS = 30 kHz shall be considered for LBT gap, and LBT gap shall be allocated within a preamble slot, thus, 2 or 3 symbols for LBT gaps should be allocated before ROs.
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