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Introduction
During RAN Plenary #82, the TR related to the Study on NR-Based Access to Unlicensed Spectrum [1] has been approved. In the same meeting a new WID related to NR-Based Access to Unlicensed Spectrum [2] has been approved, starting the Specifications phase for Release 16.
In RAN plenary #84, down-scoping of features has been agreed in [5]. The relevant scope agreed for this sub-agenda is the following:
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 details of initial access signals and channels design for NR-U:
· DRS
· PRACH
DRS 
The NR-U WID [2] lists the following physical layer aspects (DL signals and channels) to be specified related to DRS:
	Detailed objectives of the work item are the following:
According to the outcome of the study item, the NR-U should specify the followings [TR38.889]:
-	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.



In the following we focus on the remaining topics:
· Type0-PDCCH monitoring
· DRS Structure
· RMSI in SCell
· DRS with duration > 1 ms

[bookmark: _GoBack]Type0-PDCCH monitoring
In Figure 1 we illustrate supported Rel15 Type0-PDCCH monitoring occasions in FR1 (multiplexing pattern 1) assuming RMSI is scheduled (CORESET#0) and transmitted (PDSCH) in the same slot as associated SSB (group offset O being equal to zero) and CORESET#0 time domain allocation is 1 symbol.
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[bookmark: _Ref15479325]Figure 1 PDCCH monitoring occasions with group offset O = 0 in FR1 in Rel15. 

From Figure 1 one can observe the following:
· Only M = ½ provides support for having monitoring occasion in the same slot as associated SSB for the SSBs
· With M = ½ monitoring occasion of the second SSB in the slot is between the first monitoring occasion and SSB (with one symbol CORESET#0) which does not qualify the condition that DRSs from different beams would be TDMed.
· With 2-symbol CORESET#0 size and if both SSBs are transmitted, only monitoring occasion of the first SSB can be allocated with M = ½
· With two-symbol CORESET#0 there is no room for the second Type0-PDCCH in the slot with the agreed CORESET#0 size 48 PRBs with 30 kHz SCS if the first SSB is transmitted
Observation 1: Only M = ½ provides support for having monitoring occasion in the same slot as associated SSB. Also O should be configured so that Type0-PDCCH would be in the same half-frame as SSB. In other configuration cases for M and O Type0-PDCCH and PDSCH for RMSI would be in different slots than SSB and likely require separate LBT procedure causing additional overhead.

[bookmark: _Ref1732899]DRS Structure
Regarding SSB placement in the subband RAN4 has made the following agreements:
	Agreement: 
RAN4 agreed to place the SSB close to the edge of sub-bands 
RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
RAN4 agreed to introduce single default sync raster for each sub-band



As known, SS/PBCH block transmission itself does not satisfy the OCB requirement. It has been agreed to allow other signals/channels to be multiplexed with SSB transmission, including RMSI PDSCH and CSI-RS as follows: 
	Agreement: 
· 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.

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.



Minimum contiguous allocation for CSI-RS in Rel15 is 24 PRBs and allocation is configured as integer multiples of 4 PRBs and the reference point for the starting PRB is CRB 0 (Point A) on the common resource block grid. Now in the DRS including PDSCH to carry RMSI and assuming Rel15 functionality without possibility to rate match PDSCH carrying the RMSI, CSI-RS would need to be allocated either before or after the PDSCH allocation in the slot as shown in Figure 2. In Figures 2-4 we assume SSB and CORESET 0 lowest PRBs are aligned. 
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[bookmark: _Ref16065886]Figure 2 Issue with CSI-RS configuration in DRS.
The unused resources (white area) in Figure 2, which do not fit CSI-RS, can be handled e.g. with the following options:
· Apply temporal allowance of not fulfilling OCB (PDSCH > 2 MHz)
· No spec impact
· gNB handles with implementation (transmits e.g. a reservation signal)
· No spec impact
However, neither of above makes the design efficient. 
The baseline DRS structure in Figure 2 provides 2736 REs supporting around 640 bits payload with the lowest MCS. It is noted that average RMSI payload can be around 900-1000 bits as discussed in [3] and that the baseline structure cannot support that. 
To support around 900-1000 bits RMSI payload one option would to be to define new SLIV entrie(s) to support the following structure (Figure 3) when the SSB is transmitted only in the first SSB position in the slot and CSI-RS can be used to fulfil OCB requirement. In another example, see Figure 4, with one symbol CORESET 0 size there would be possibility to allocate TRS (with extended CSI-RS symbol separation) within the DRS slot. 
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[bookmark: _Ref20904311]Figure 3 Example 1 of DRS structure to provide higher RMSI transmission capacity.
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[bookmark: _Ref20904389]Figure 4 Example 2 of DRS structure to provide TRS like CSI-RS configuration in DRS and higher RMSI transmission capacity. 
PDSCH allocation in above would provide 7 symbols x 12 REs/PRB x 48 PRBs/symbol – 48 PRBs/symbol x 6 REs for DMRS/PRB x 1 symbol for DMRS = 3744 REs. With lowest MCS that would provide room for to almost 900 bits payload and with the second lowest MCS over 1100 bits providing significant increase in RMSI transmission capacity. That would allow NR-U cell to provide typical RMSI payload size while still allowing slot-based DRS where RMSI can be transmitted in compact manner together with SSB.
To support RMSI delivery of up to 900bits multiplexed in a slot with SSB, the default TDRA table for RMSI PDSCH allocation needs to be modified to support allocation K0=0, S=7 and L=7 which is currently not available. 
Proposal 1: To support RMSI delivery of up to 900-1000bits multiplexed in a slot with SSB, introduce a new table entry (K0=0, S=7 and L=7) to default TDRA table.
RMSI in SCell
Regarding RMSI in SCell the following agreement was made in RAN1#98:
	Agreement:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.
· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry
· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed



Now when RAN4 decided that a single SSB synch raster position per sub-band is specified for NR-U band 5GHz band, Alt.1 seems to be the simplest solution to support ANR procedure, in terms of standardisation. It also allows gNB to set the SSB of Scell anywhere within the sub-band for the purpose of RRM measurements. With respect to “implicitly know” from Alt1, RAN1 should further discuss whether more than one offset(s) of CORESET#0 from the only synch-raster position is necessary.
Proposal 2: Support Alt1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
Proposal 3: RAN1 to discuss whether more that one offset of CORESET0 form the only synch raster position (or lowest PRB of SSB) within LBT sub-band is necessary or not. 					
PRACH Design
In RAN1#97 the following agreement was made:
	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.



Based on the agreement above considered options include ones that do not fulfil the OCB requirement. On the other hand, the NR-U WID [2] lists the following PRACH related aspects to be specified:
	[bookmark: _Hlk16504329]Detailed objectives of the work item are the following:
According to the outcome of the study item, the NR-U should specify the followings [TR38.889]:
-	Physical layer aspects including [RAN1]:
  …
-	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.




It’s understood that minimum bandwidth requirement given by regulation for the UL signal like PRACH in UE initiated COT is 80 % of Nominal Channel Bandwidth (20 MHz). Thus, as highlighted, new enhanced design of PRACH for NR-U should support bandwidth equal to or greater than 16 MHz. 
Observation 2: Based on WID, new enhanced design of PRACH for NR-U should support minimum bandwidth requirement (16 MHz) by regulation to be applicable in UE initiated COT consisting of PRACH transmission.
Proposal 4: A new enhanced design shall support at least the following options
· 15 kHz SCS
· Single sequence with length of 1151
· 8 repetitions of length 139
· 30 kHz SCS
· Single sequence with length of 571
· 4 repetitions of length 139

Regarding to the enhanced design it’s noted that Rel15 supports up to 8 FDMed ROs [3GPP TS 38.331]:
	RACH-ConfigGeneric ::= SEQUENCE {
prach-ConfigurationIndex INTEGER (0..255),
msg1-FDM ENUMERATED {one, two, four, eight},
msg1-FrequencyStart INTEGER (0..maxNrofPhysicalResourceBlocks-1),
zeroCorrelationZoneConfig INTEGER(0..15),
preambleReceivedTargetPower INTEGER (-202..-60),
preambleTransMax ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
powerRampingStep ENUMERATED {dB0, dB2, dB4, dB6},
ra-ResponseWindow ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
...
}

msg1-FDM
The number of PRACH transmission occasions FDMed in one time instance. (see TS 38.211 [16], clause 6.3.3.2).



FDMed ROs are allocated consecutively in frequency as shown in Figure 5. UE transmits preamble in one RO (based on SSB association) while gNB detects preambles in each configured FDMed RO. Thus, from implementation perspective defining new PRACH preamble based on repetitions where each repetition follows the sequence mapping onto REs from Rel15 would be relatively straightforward.  
[image: ]
[bookmark: _Ref20232477]Figure 5 RACH configuration with 8 ROs FDMed.

Proposal 5: A new enhanced design of NR-U PRACH is preferably based on FDMed repetitions of length-139 sequence where repetitions are mapped similarly onto REs as in Rel15 (each length-139 sequence mapped onto length-144 frequency block).
Conclusions
In this contribution, we have discussed details of initial access signals and channels design for NR-U, namely related to DRS and PRACH:
DRS:
Observation 1: Only M = ½ provides support for having monitoring occasion in the same slot as associated SSB. Also O should be configured so that Type0-PDCCH would be in the same half-frame as SSB. In other configuration cases for M and O Type0-PDCCH and PDSCH for RMSI would be in different slots than SSB and likely require separate LBT procedure causing additional overhead.
Proposal 1: To support RMSI delivery of up to 900-1000bits multiplexed in a slot with SSB, introduce a new table entry (K0=0, S=7 and L=7) to default TDRA table.
Proposal 2: Support Alt1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
Proposal 3: RAN1 to discuss whether more that one offset of CORESET0 form the only synch raster position (or lowest PRB of SSB) within LBT sub-band is necessary or not. 		

PRACH:
Observation 2: Based on WID, new enhanced design of PRACH for NR-U should support minimum bandwidth requirement (16 MHz) by regulation to be applicable in UE initiated COT consisting of PRACH transmission.
Proposal 4: A new enhanced design shall support at least the following options
· 15 kHz SCS
· Single sequence with length of 1151
· 8 repetitions of length 139
· 30 kHz SCS
· Single sequence with length of 571
· 4 repetitions of length 139
Proposal 5: A new enhanced design of NR-U PRACH is preferably based on FDMed repetitions of length-139 sequence where repetitions are mapped similarly onto REs as in Rel15 (each length-139 sequence mapped onto length-144 frequency block).
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Appendix A
Despite topic being deprioritized by RAN, we think that if time allows it should be discussed:
On RACH slot
Regarding PRACH preamble time domain allocation in NR-U within a RACH slot the following design principles are assumed/required:
· 25 us LBT gap before each RO
· 100 us gap + 25 us LBT between end of DL and second RO in shared COT to qualify as paused COT
· ”Normal FFT” window setting can be used at gNB
· CP extension used to have a 25 us LBT gap
A RACH slot can be located within the gNB acquired shared COT and outside the COT. It’s preferred to have a common RACH slot structure for both. 
Figure 6 illustrates the corresponding design for NR-U PRACH formats A1 and A2 given the above design principles assuming 30 kHz SCS. Whereas Rel15 supports six A1 formats within a slot, in NR-U there would be four NR-U A1 formats and two NR-U A2 formats, respectively, within the slot.
Proposal: Within a PRACH slot, allocate 25 us LBT gap before each RO. CP extension can be used to provide the LBT gap so that “normal FFT” window setting can be used at gNB.

[image: ]
[bookmark: _Ref21111020]Figure 6 NR-U PRACH Format A1 and A2 design within a RACH slot.
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