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1. Introduction
At the RAN#82 meeting, the new WI on NR-based access to unlicensed spectrum (NR-U) was approved [1]. The objectives of the WI include following RAN1 works regarding physical layer aspects.
	-	Physical layer aspects including [RAN1]:
-	Frame structure including single and multiple DL to UL and UL to DL switching points within a shared COT with associated identified LBT requirements (TR Section 7.2.1.3.1).
-	NR-U supports a mode of operation where for a carrier and at least for intra-band CA on serving cells on unlicensed bands, all DL channels / signals can be operated with the same numerology, and all UL channels / signals can be operated with the same numerology. 
-	Subcarrier spacing for control and data channels supporting 15kHz, 30kHz, and 60kHz (air-interface perspective; optionality to be discussed separately).
-	Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
-	NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.
-	PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation. RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
-	For DL data channel, support of multiple PDSCH starting positions.
[bookmark: _Hlk532422148]-	Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
-	DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 



In this contribution, we discuss 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
During the NR-U SI, NR-U DRS design had been discussed and following is captured in the TR38.889 [2].
	For PSS/SSS/PBCH transmission, NR-U should have a signal that contains at least SS/PBCH block burst set transmission. The design of this signal should consider the following characteristics specific to unlicensed band operation:
-	There are no gaps within the time span the signal is transmitted at least within a beam
-	The occupied channel bandwidth is satisfied (although this may not be a requirement)
-	Strive to minimize the channel occupancy time of the signal
-	Characteristics that may facilitate fast channel access
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 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
The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial.
Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and an SS/PBCH block occurring in different time instances, and the CORESET#0 bandwidth overlapping with the transmission bandwidth of the SS/PBCH block.
As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space(s).



In addition, the channel access schemes for DRS transmission were also discussed during the SI and following is captured in the TR. 
	Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


1. Note: Applicability of an LBT scheme other than Cat 4 LBT for control messages related to initial/random access, mobility, paging, reference signals only, and PDCCH-only transmissions, e.g. "RACH message 4", handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. Further details related to exceptions in this note can be determined when specifications are developed.



2.1	Modification on multiplexing pattern between SS/PBCH block and RMSI PDCCH/PDSCH
According to the above SI outcome, enhancements on the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) can be considered to facilitate a NR-U DRS design without gaps in time domain, to satisfy OCB requirement by DRS only transmission, and to minimize the DRS duration so that Cat 2 LBT can be used.
In case of standalone NR-U deployments, NR-U DRS would always contain at least SS/PBCH block and RMSI PDCCH/PDSCH even when there is no idle/active UE in the NR-U cell. Since SS/PBCH block design should not be changed from Rel-15, RMSI PDCCH/PDSCH bandwidth should meet OCB requirement, i.e., the CORESET#0 bandwidth should be a certain value in between 16MHz and 20MHz considering the initial active DL/UL BWP of 20MHz at least for 5GHz band. In Rel-15, candidate values for the number of CORESET#0 RBs are {24, 48, 96} for 15kHz SCS and {24, 48} for 30kHz SCS [3]. For NR-U, candidate value(s) for the number of CORESET#0 RBs should be limited to {96} for 15kHz SCS and {48} for 30kHz SCS in order to meet OCB requirement.
Proposal 1: For NR-U, candidate value(s) for the number of CORESET#0 RBs should be limited to {96} for 15kHz SCS and {48} for 30kHz SCS in order to meet OCB requirement.

In order to facilitate a NR-U DRS design without gaps in time domain and to minimize the DRS duration, relative position between SS/PBCH block and corresponding Type0-PDCCH CSS set in time domain should be considered. 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 CSS set are located in different slots as shown in Figure 1 (a), and hence it is not preferable in terms of OCB requirement and minimizing DRS duration especially when DRS only transmission is performed. In addition, in case of indices with one search space set per slot (i.e., ), SS/PBCH block and corresponding Type0-PDCCH CSS set for some SSB indices are located in different slots as shown in Figure 1 (b). On the other hand, as shown in Figure 1 (c), Type0-PDCCH CSS set configuration with  fits into NR-U DRS design targets since SS/PBCH block and corresponding RMSI PDCCH/PDSCH can be confined within a same slot for each SSB index. Therefore, for NR-U, candidate configuration for the PDCCH monitoring occasions for Type0-PDCCH CSS set should be limited to index#1 of Table 13-11 in TS38.213.
Proposal 2: For NR-U, candidate configuration for the PDCCH monitoring occasions for Type0-PDCCH CSS set should be limited to index#1 of Table 13-11 in TS38.213.
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Figure 1: Relative position between SS/PBCH block and corresponding RMSI PDCCH/PDSCH in time domain

Regarding the candidate SS/PBCH block positions within a slot, there are three cases defined in Rel-15 for FR1. Figure 2 (a) shows possible NR-U DRS structure based on Case A for 15kHz SCS and Case C for 30kHz SCS with Rel-15 PDCCH monitoring occasion (index#1 in Table 13-11), and Figure 2 (b) shows that based on Case B for 30kHz SCS with same assumption. We have identified following three issues on the cases/configurations.
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Figure 2: Possible NR-U DRS structure based on Rel-15 PDCCH monitoring occasion (index#1 in Table 13-11)

· In order to apply Cat.2 LBT, NR-U DRS duration needs to be equal to or shorter than 1ms in addition to the duty cycle of equal to or more than 1/20. Therefore, it is beneficial to have 1 symbol gap every 1ms to perform 25 us LBT within NR-U DRS burst. However, in Rel-15 specification, time domain resource mapping for RMSI PDSCH is selected from Table 5.1.2.1.1-2 in TS38.214 [4], and there is no configuration with S = 2 and L = 11 that can create 1 symbol gap at the end of slot.
· 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 type A, PDSCH resource allocation on PRBs within SS/PBCH block bandwidth is not allowed for RMSI (and hence blank resources are shown in Figure 2).
· PDCCH monitoring occasion(s) according to index#1 in Table 13-11 are located at the beginning of the slot. If the transmission on the first symbol of the slot is failed due to LBT busy, next opportunity for starting the transmission may be the second or other symbols of the slot. However, starting transmission from middle of the slot would cause SS/PBCH block transmission without corresponding RMSI PDCCH transmission in the slot since PDCCH is located at the beginning of the slot. Therefore, opportunity for starting the transmission may be limited to only the first symbol of each slot.

Therefore, we propose to consider following modifications for PDCCH monitoring occasion and PDSCH resource allocation for NR-U RMSI, and example structures based on proposals are shown in Figure 3.
· UE rate matching behavior around candidate SS/PBCH block transmission resources should be specified for receiving NR-U RMSI. Following two alternatives can be considered.
· Alt.1: UE assumes that the PRBs containing candidate SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block may be transmitted.
· Alt.2: UE assumes that the PRBs containing SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. In each SS/PBCH block (e.g., in PBCH payload), whether another SS/PBCH block in the same slot is actually transmitted or not is indicated.
· For NR-U RMSI PDSCH resource mapping in time domain, additional resource allocation patterns such as {S=2, L=11} as shown in Figure 3 (b) are supported to enable 1 symbol gap at the ending of every 1ms for Cat.2 LBT.
· Alternatively, NR-U RMSI PDCCH monitoring occasion with 1 symbol gap at the beginning of every 1ms for Cat.2 LBT is supported especially for Case B as shown in Figure 3 (c).
· For Case A/C SS/PBCH block mapping pattern in NR-U, additional configurations for PDCCH monitoring occasions for Type0-PDCCH CSS set such as {First symbol index of 6 or 7 if i is odd} are supported to achieve contiguous TDMed structure of DRS (SS/PBCH block and RMSI PDCCH/PDSCH) for each SSB index as shown in Figure 3 (a). By using this structure, when the transmission of DRS for first SSB index in a slot is failed due to LBT busy, the transmission of DRS for second SSB index in the slot (i.e., starting transmission from middle of the slot) is possible.
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Figure 3: Possible NR-U DRS structure based on proposed modifications
Proposal 3: For NR-U, following modifications for PDCCH monitoring occasion and PDSCH resource allocation for NR-U RMSI are supported.
· UE rate matching behaviour around candidate SS/PBCH block transmission resources is specified for receiving NR-U RMSI. Following two alternatives can be considered.
· Alt.1: UE assumes that the PRBs containing candidate SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block may be transmitted.
· Alt.2: UE assumes that the PRBs containing SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. In each SS/PBCH block (e.g., in PBCH payload), whether another SS/PBCH block in the same slot is actually transmitted or not is indicated.
· For Case B SS/PBCH block mapping pattern in NR-U, additional configurations for PDCCH monitoring occasions for Type0-PDCCH CSS set and/or for RMSI PDSCH resource allocation pattern in time domain are supported to enable 1 symbol gap at the beginning or ending of every 1ms for Cat.2 LBT.
· For Case A/C SS/PBCH block mapping pattern in NR-U, additional configurations for PDCCH monitoring occasions for Type0-PDCCH CSS set such as {First symbol index of 6 or 7 if i is odd} are supported to achieve contiguous TDMed structure of DRS for each SSB index. 


2.2	NR-U DRS structure without containing RMSI for NSA deployments
In case of non-standalone NR-U operation without using ANR, transmission of RMSI/OSI/paging on NR-U as part of DRS is unnecessary. Hence, how to satisfy NR-U design criteria such as meeting OCB requirement by SS/PBCH block alone or SS/PBCH block + CSI-RS transmission as NR-U DRS should be considered.
In case of LTE-LAA, DRS consists of 12 symbols including CRS, PSS/SSS and potentially CSI-RS. Within 12 symbols, there are some symbols not containing any of above reference signals. However, the DRS transmission without time gap is possible and how to achieve it is up to eNB implementation. Therefore, NR-U DRS transmission without time gap based on gNB implementation should also be possible.
In case of non-standalone NR-U operation, configurations for SS/PBCH block(s) and CSI-RS resource(s) can be provided to the UE via RRC. CSI-RS resource mapping in Rel-15 NR is flexible enough to meet OCB requirement and to fill some time gap within DRS duration of less than 1ms.


2.3	Transmission of non-unicast data together with NR-U DRS
Transmission of non-unicast data such as OSI, paging and RAR on NR-U carrier is necessary in some deployment scenarios such as standalone NR-U. According to Rel-15 specifications, transmission of PDCCH/PDSCH for OSI/paging/RAR multiplexed with SS/PBCH block within a same slot is possible as well as for RMSI, and since PDSCH resource allocation for OSI/paging/RAR is more flexible than that for RMSI, modification for OSI/paging/RAR in NR-U would not be necessary.
In addition, there would be cases where non-unicast data such as OSI/paging/RAR cannot be transmitted with SS/PBCH block within a same duration of 1ms, e.g., due to RMSI PDCCH/PDSCH in the duration with SS/PBCH block and limited resources. In such case, transmission of non-unicast data alone is possible. We consider that such transmission based on Cat.2 LBT should be possible as long as the same condition as for DRS only transmission is met, i.e., duration less than 1ms and duty cycle ≤1/20.


3. Discussion on NR-U PRACH
During the NR-U SI, NR-U PRACH design had been discussed and following is captured in the TR38.889 [2].
	Support for Rel-15 NR PRACH formats can be considered, however, not necessarily all Release 15 NR PRACH formats are applicable to NR-U. It is RAN1's understanding that certain formats do not meet the minimum bandwidth requirement by regulation. Exclusion of the support of certain formats is to be identified. 
It is identified that interlaced based PRACH can be beneficial. 
It has been identified that enhancement of one or more legacy PRACH formats is feasible for NR-U. Four potential design alternatives, including no interlacing, have been identified for the frequency mapping of PRACH sequences for NR-U, where consensus on which one(s) to support for NR-U has not yet been achieved:
-	Alt-1: Uniform PRB-level interlace mapping
-	In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of the PRBs of one or more of the interlaces in the PRB-based block interlace structure. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
-	It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs.
-	Alt-2: Non-uniform PRB-level interlace mapping 
-	In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
-	It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain reduces the false peaks in the PRACH preamble auto-correlation function.
-	Alt-3: Uniform RE-level interlace mapping 
-	In this approach, a PRACH sequence for a particular PRACH occasion consists of a "comb-like" mapping in the frequency domain with equal spacing between all used REs. Different PRACH occasions are defined by way of different comb offsets.
-	Since this approach does not fit with the common PUSCH/PUCCH interlace structure, one source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
-	Alt-4: Non-interlaced mapping 
-	In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs, same or similar to NR Rel-15.
-	Some sources propose that to fulfil the minimum OCB requirement, that the PRACH sequence is mapped to a set of contiguous PRBs, and the PRACH sequence mapping is repeated across the frequency domain, potentially with guard RE(s)/PRB(s) between repetitions. For each repetition, a different cyclic shift or different base sequence may or may not be applied.
It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.



First of all, we discuss the sequence length for NR-U PRACH. In the TR description, long sequence length in NR Rel-15 (L = 839) is mentioned that it is not beneficial for NR-U since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. We agree in this point of PRACH design for NR-U PRACH. Additionally, the bandwidth of Rel-15 NR PRACH based on long sequence is too narrow to meet OCB regulation, and the capacity requirement for NR-U can be covered by short sequence whose length L is 139. 
Proposal 4: NR-U PRACH supports only short sequence length defined in Rel-15 (L = 139).

Then, we discuss the waveform design for NR-U PRACH. There are 4 different alternative designs in TR as shown below.
-	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/or 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 use case(s) which cannot be covered by other alternatives. Interlace mapping is better to be applied when PSD needs to be gained. On the other hand, non-interlace mapping is better to be applied when miss detection probability with interlaced PRACH increases because of degradation of the correlation property. Interlaced mapping may be more robust against a wideband interference in frequency domain. Non-interlaced design which is repeated in frequency domain may be more robust against a narrow-band interference in frequency domain. Therefore, both of interlace mapping and non-interlace mapping should be supported for NR-U PRACH.
In alternatives of interlace mapping, non-uniform PRB-level interlace mapping is preferred to be supported because the degradation of the correlation property is comparatively suppressed.
Proposal 5: NR-U PRACH supports both of non-uniform PRB-level interlace mapping and non-interlaced mapping where PRACH sequence is repeated in frequency domain.


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.
Proposal 1: For NR-U, candidate value(s) for the number of CORESET#0 RBs should be limited to {96} for 15kHz SCS and {48} for 30kHz SCS in order to meet OCB requirement.
Proposal 2: For NR-U, candidate configuration for the PDCCH monitoring occasions for Type0-PDCCH CSS set should be limited to index#1 of Table 13-11 in TS38.213.
Proposal 3: For NR-U, following modifications for PDCCH monitoring occasion and PDSCH resource allocation for NR-U RMSI are supported.
· UE rate matching behaviour around candidate SS/PBCH block transmission resources is specified for receiving NR-U RMSI. Following two alternatives can be considered.
· Alt.1: UE assumes that the PRBs containing candidate SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block may be transmitted.
· Alt.2: UE assumes that the PRBs containing SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. In each SS/PBCH block (e.g., in PBCH payload), whether another SS/PBCH block in the same slot is actually transmitted or not is indicated.
· For NR-U RMSI PDSCH resource mapping in time domain, additional resource allocation patterns such as {S=2, L=11} are supported to enable 1 symbol gap every 1ms for Cat.2 LBT.
· For Case A/C SS/PBCH block mapping pattern in NR-U, additional configurations for PDCCH monitoring occasions for Type0-PDCCH CSS set such as {First symbol index of 6 or 7 if i is odd} are supported to achieve contiguous TDMed structure of DRS for each SSB index. 
Proposal 4: NR-U PRACH supports only short sequence length defined in Rel-15 (L = 139).
Proposal 5: NR-U PRACH supports both of non-uniform PRB-level interlace mapping and non-interlaced mapping where PRACH sequence is repeated in frequency domain.
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