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Introduction 

In 3GPP TSG RAN Meeting #82, a new WID on NR-based access to Unlicensed Spectrum (RP-182878) [1] was approved. As part of the objectives of the work item, the following physical layer aspects related to the design of initial access signals and channels for unlicensed operation were suggested to be specified as per the outcome of the study item (TR38.889) [2]:

	· Physical layer aspects including [RAN1]:
· 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.




In the context of the above description of WID scope, we will discuss in this contribution the followings:

· RMSI-CORESET multiplexing for discovery reference signal (DRS) for NR-unlicensed operation. Other aspects of DRS operation is discussed in [7]
· Enhancements to physical random access channel (PRACH) design for NR-unlicensed operation.
· Enhancements to physical uplink control channel (PUCCH) resource configuration before RRC connection set up for NR-unlicensed operation.
RMSI-CORESET multiplexing for NR-U DRS  

In previous RAN1 meetings during the study on NR-based access to unlicensed spectrum, the following agreements were made related to DRS. 
	Agreement (RAN1 #93): 
· 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 (tentatively 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
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.

Agreement (RAN1#94bis):
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

Agreement (RAN1#95):
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
· 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.
Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 
· Adopt the following text proposal to reflect the above
· “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 SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps 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.”



Following the RAN1 agreements made before, we share our views on the multiplexing of RMSI-CORESET and SSB for NR-U DRS transmission in the next subsection. In terms of multiplexing RMSI-CORESET with SS/PBCH blocks, the following multiplexing patterns are supported in NR Rel-15:
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(a) Pattern 1 (TDM in same slot)
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(b) Pattern 1 (TDM in different slot)
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(c) Pattern 2 (TDM and FDM in same slot) in FR2 only
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(d) Pattern 3 (FDM in same slot) in FR2 only


Figure 1: Illustration of RMSI-CORESET multiplexing patterns in NR Rel-15

A design aspect in NR-U is to allow possibility of time contiguous transmission within a DRS transmission occasion and also to maximize the transmission opportunities of a SSB transmission. Given this motivation, we believe it is feasible to design RMSI-CORESET/SSB multiplexing for NR-U based on TDM principles as in Pattern 1. In addition, we believe it is beneficial to co-locate a RMSI-CORESET with an associated SSB as shown in Figure 2. It can be observed that this allows a gNB to transmit SSB-1 (without SSB-0) along with its associated CORESET if LBT succeeds before symbol 7, even if the first LBT attempt before symbol 2 has failed.



[bookmark: _Ref528838402]Figure 2: Possible RMSI CORESET multiplexing pattern for NR-U

In this context we note that Rel-15 UE capability 3-1 which is mandatory without capability signalling for basic downlink control channel enables a UE to monitor PDCCH from any of Type 1-PDCCH CSS without dedicated RRC configuration, or Types 0, 0A, or 2 PDCCH-CSS configurations within a single span of three consecutive OFDM symbols within a slot. Considering that a DRS transmission may occur with multiplexed user-data as part of a gNB acquired COT using Cat-4 LBT, it is beneficial to locate the RMSI CORESET such that it is aligned with Rel-15 UE capability 3-1 (3 contiguous OFDM symbols with a slot). Further, aligning the RMSI CORESET in this fashion allows a gNB to transmit OSI, Paging within DRS using Cat-2 LBT. This is shown in Figure 3.


 
[bookmark: _Ref534898412]Figure 3: RMSI CORESET placement is aligned with UE capability 3-1 (15kHz)


Proposal 1
Based on the principle of RMSI CORESET multiplexing pattern-1, consider co-locating RMSI CORESET with the associated SSB for NR-U DRS transmission.

Enhancements to PRACH design for NR-unlicensed
In TR38.889 [2], the following was agreed as the guideline to be followed in designing PRACH sequence length for NR-unlicensed operation:

NR short PRACH formats (L = 139) satisfy temporal 2 MHz OCB requirement in the legacy NR form, whereas except format 3, no other long PRACH format (formats 0/1/2 with L = 839) meets the 2 MHz minimum OCB requirement. Since the usage of unlicensed spectrum has been primarily targeted for small to normal cell scenarios due to the limited maximum transmission power by regulations, it is to be further studied to determine whether the support of long PRACH formats (which are mainly intended for coverage enhancement or high speed use cases) is essential for NR-unlicensed. Also, from the perspective of multiplexing various uplink channels, short PRACH would be more preferable than long PRACH, owing to its support of SCS which is identical to other physical channels (PUCCH/PUSCH). Therefore, we propose to support only NR short PRACH formats as the baseline for NR-unlicensed spectrum.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 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.

Proposal 2
Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.

To meet the 80% occupied channel bandwidth (OCB) regulation and exploit the PSD requirement of 10 dBm/1MHz to boost transmit power, interlace based waveform design can be considered for physical uplink data/control channels and signals (PUSCH/PUCCH and associated DMRS) transmission, as discussed in our companion tdoc [3]. Similar to PUSCH/PUCCH, interlace based design can be a candidate waveform for PRACH to meet the OCB regulation as well. From FDM-based user multiplexing standpoint, a unified interlace based waveform for all NR physical uplink channels might be beneficial too. But in addition to user multiplexing or multiplexing with other uplink channels, PRACH design should also consider other aspects like timing estimation accuracy, miss detection rate, PAPR/CM, PRACH capacity, maximum supported Tx power etc., as mentioned in TR38.889 [2]. In particular, timing estimation accuracy is one of the most critical properties of PRACH that should be prioritized while comparing different candidate PRACH enhancement options to meet 80% OCB requirement (if mandated by regulation). 

As shown in [4], PRB based uniform interlace design has lower timing estimation accuracy, compared to contiguous PRB allocation as used for legacy PRACH. In particular, as mentioned in TR38.889 [2], 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. Thus, to improve the timing estimation accuracy, legacy NR PRACH structure with contiguous PRB allocation can be enhanced to meet 80% OCB, if mandated by regulation. In particular, NR short PRACH sequence (L=139) can be repeatedly mapped across contiguous RBs, while applying different cyclic shifts and/or different phase rotations on each repetitions to keep the PAPR low. 

If frequency multiplexing of PRACH and interlaced transmission (e.g. interlace based PUCCH/PUSCH) is supported, the REs of the interlaced structure that overlap with PRACH resources need to be reserved, i.e. the UE scheduled with interlaced transmission will not transmit on the REs that are allocated for PRACH transmission of other UEs. Alternatively, multiplexing of PRACH and interlaced transmission (e.g. interlace based PUCCH/PUSCH) can be restricted to time domain, i.e. TDM. 

Proposal 3

Support enhancement of legacy NR short PRACH structure with contiguous RB allocation to meet 80% OCB requirement, if mandated by regulation.
· Different cyclic shifted and/or phase rotated versions of L = 139 sequence are mapped across frequency on contiguous RBs.
Proposal 4
If frequency multiplexing of PRACH and interlaced transmission (e.g. PUSCH/PUCCH) is supported, the UEs scheduled with interlaced transmission do not transmit on the REs that overlap with resources allocated to PRACH of other UEs.
Depending on the OCB requirement, whether temporal 2 MHz OCB requirement can be used or 80% OCB requirement has to be applied, the desirable PRACH format can be different as discussed above. It needs to be clarified when each of OCB requirements can be applied. In ETSI BRAN specification [] below, the following statement is specified:
During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandwidth
of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz
It is somewhat unclear how to interpret this. So before going into the detailed discussions on PRACH, it is proposed to clearly define the criterion when 2 MHz OCB requirement can be applied or when 80% OCB requirement is applied.
Proposal 5
It is proposed to clearly define the criterion when 2 MHz OCB requirement can be applied or when 80% OCB requirement is applied.
Enhancements to PUCCH resource configuration during initial access 
In NR, PUCCH resource sets before dedicated PUCCH resource configuration used for transmitting 1-bit HARQ-ACK in response to Msg. 4 transmission during initial access are given as follows:
· A PUCCH resource set before dedicated PUCCH resource configuration is provided by higher layer parameter pucch-ResourceCommon in system information block 1 (SIB1) through a 4-bit remaining minimum system information (RMSI) index.
· 4-bit RMSI indicates an entry into a 16-row table (Table 9.2.1-1 of TS 38.213 [6]).
· Each row in the table configures a set of 16 cell-specific PUCCH resources.
· A PUCCH resource is indicated by 5 parameters: a PUCCH format, a starting symbol, a duration, a PRB offset and a set of initial cyclic shift (CS) indices.
· Supported PUCCH durations and starting symbols (always aligned with slot boundary):
· Symbol duration 2/4/10/14  starting symbol index #12/#10/#4/#0.
· Supported PUCCH formats: only PUCCH format 0 and PUCCH format 1 (single PRB).
· Supported payload size: 1-bit only.
In NR-unlicensed, transmission of all signals/channels must abide by the regulatory requirements related to occupied channel bandwidth (OCB). Since a single PRB transmission in FR1 cannot meet this requirement, PUCCH resource sets are to be enhanced to support multi-PRB transmission in order to fulfil OCB related regulatory criteria. Two alternatives can be considered for this enhancement:
1. Enhance NR-PUCCH formats 0 and 1 to support interlace based transmission and modify Table 9.2.1-1 accordingly.
2. Modify Table 9.2.1-1 to use PUCCH formats 2 and 3, which are inherently multi-PRB PUCCH formats.   

Proposal 6

To meet OCB requirements for NR-unlicensed operation, enhance PUCCH resource sets before dedicated PUCCH resource configuration (i.e. during initial access) to support multi-PRB transmission.

Conclusion
In this contribution, potential enhancements to NR initial access signals/channels to support unlicensed operation are discussed. To this end, the following proposals are driven:

Proposal 1
Based on the principle of RMSI CORESET multiplexing pattern-1, consider co-locating RMSI CORESET with the associated SSB for NR-U DRS transmission.

Proposal 2

Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.

Proposal 3

Support enhancement of legacy NR short PRACH structure with contiguous RB allocation to meet 80% OCB requirement, if mandated by regulation.
· Different cyclic shifted and/or phase rotated versions of L = 139 sequence are mapped across frequency on contiguous RBs.
Proposal 4
If frequency multiplexing of PRACH and interlaced transmission (e.g. PUSCH/PUCCH) is supported, the UEs scheduled with interlaced transmission do not transmit on the REs that overlap with resources allocated to PRACH of other UEs.

Proposal 5
It is proposed to clearly define the criterion when 2 MHz OCB requirement can be applied or when 80% OCB requirement is applied.
Proposal 6

To meet OCB requirements for NR-unlicensed operation, enhance PUCCH resource sets before dedicated PUCCH resource configuration (i.e. during initial access) to support multi-PRB transmission.
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