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Introduction
During RAN plenary #82, the release 16 work item on unlicensed band operation were approved in [1]. Before that a NR Study Item has been concluded in RAN1 [2].
In RAN plenary #84, down-scoping of features has been agreed in [3]. 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 RAN plenary #86, NR-U WI has been closed. In this contribution we discuss corrections related to essential features.
SSB 
[bookmark: _Ref1732899]Default TDRA table for SIB1 (Issue 1)
	Agreement:
For default A table for PDSCH SLIV for normal CP, replacing row 9 with an entry with (S=6, L=7)
· FFS if additional row can be replaced for (7,7)


 
We think that entry 10 (9,2) which has been designed for DSS should be replaced with entry (7,7) which would be much more useful for NR-U compared to (9,2) which collides with SSB and in fact cannot provide sufficient capacity for SIB1 at all since it is only 2OS long. 
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Proposal 1: To support RMSI delivery of up to 900-1000bits multiplexed in a slot with SSB, replace table entry 10 of default TDRA table with (K0=0, S=7 and L=7) when UE operated on channel with shared channel access.
· Adopt the following TP

	[bookmark: _Toc11352085][bookmark: _Toc20317975]Text proposal to 38.214
5.1.2.1.1	Determination of the resource allocation table to be used for PDSCH
Table 5.1.2.1.1-1 defines which PDSCH time domain resource allocation configuration to apply. Either a default PDSCH time domain allocation A, B or C according to tables 5.1.2.1.1-2, 5.1.2.1.1-3, 5.1.2.1.1.-4 and 5.1.2.1.1-5 is applied, or the higher layer configured pdsch-TimeDomainAllocationList in either pdsch-ConfigCommon or pdsch-Config is applied. For operation with shared spectrum channel access, as described in [15, TS 37.213], UE reinterprets S and L in row 9 of Table 5.1.2.1.1-2 as S=6 and L=7, and S and L in row 10 of Table 5.1.2.1.1-2 as S=7 and L=7.
<omitted text>



RMSI in Scell for ANR procedure (Issue 2)
Regarding RMSI in SCell the following agreement was made in RAN1#98bis:
	Working assumption:
For RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, the PBCH in SSB not on a sync raster does not directly provide the location of the CORESET 0 for RMSI reception. 
· The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined at least based on 
· The offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency) and the frequency location corresponding to the GSCN of the synchronization raster entry within the same LBT bandwidth.
· Also based on the offsets signaled in PBCH payload (including MIB). 
a. FFS: How many offsets
· Note: For ANR purpose, the SSB and and the associated CORESET0 are expected to be in the same LBT bandwidth
· Note: This working assumption assumes that there is only one sync raster point defined per 20 MHz. If RAN4 decides that there is more than one sync raster point per 20 MHz, then this working assumption is not valid and will be revisited



Specification editor prepared after RAN1#98b
	For operation with shared spectrum channel access, a UE determines an offset from a smallest RB index of the CORESET for Type0-PDCCH CSS set to a smallest RB index of the common RB overlapping with a first RB of the corresponding SS/PBCH block (ANR SSB)
-	according to the offset in Table 13-1A and Table 13-2A, if the frequency position of the SS/PBCH block corresponds to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], and
-	according to a sum of a first offset and a second offset, where
-	the first offset is provided in Table 13-1A and Table 13-2A, and 
-	the second offset is determined as the difference from the frequency position of the SS/PBCH block provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing reportCGI to the frequency position corresponding to the GSCN of a synchronization raster entry, where the synchronization raster entry is located in the same channel as the SS/PBCH block used for the shared spectrum channel access procedure, as described in [15, TS 37.213], if the frequency position of the SS/PBCH block does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1]
where the offsets are defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set that is same as the SCS of the corresponding SS/PBCH block.




However, the issue with current highlighted text is that these two offsets will not provide offset between lowest PRB of ANR SSB and CORESET0. That is illustrated on the following Figure 1, where if synch and ANR SSB are not PRB aligned, two offsets are not sufficient. In the example ANR k_SSB is 0 sub-carriers and Sycn k_SSB is 6 sub-carriers
[image: ]
Figure 1 Illustration of the issue

While various solutions has been discussed as part of RAN1 specification approval email thread, the solution with the least specification impact is the one which removes dependency on ANR SSB completely, because it is irrelevant for the position of CORESET#0. ANR SSB PBCH provides CORESET offset in PRBs, and CORESET0 position is determined from the lowest PRB of synch SSB. 
Proposal 2: Adopt the following TP for sub-clause 13 in TS38.213 to clarify the CORESET0 configuration for ANR SSB 
	[bookmark: _Ref500334477][bookmark: _Toc12021495][bookmark: _Toc20311607][bookmark: _Toc26719432][bookmark: _Toc29894872][bookmark: _Toc29899171][bookmark: _Toc29899589][bookmark: _Toc29917325]13	UE procedure for monitoring Type0-PDCCH CSS sets
<omitted text>
For operation with shared spectrum channel access, a UE determines an offset  from a smallest RB index of the CORESET for Type0-PDCCH CSS set to a smallest RB index of the common RB overlapping with a first RB of the corresponding SS/PBCH block that would be located at the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], 
-	according to the offset in Table 13-1A and Table 13-2A, if the frequency position of the SS/PBCH block corresponds to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], and
-	according to a sum of a first offset and a second offset, where
-	the first offset is provided in Table 13-1A and Table 13-2A, and 
-	the second offset is determined as the difference from the frequency position of the SS/PBCH block provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing reportCGI to the frequency position corresponding to the GSCN of a synchronization raster entry, where the synchronization raster entry is located in the same channel as the SS/PBCH block used for the shared spectrum channel access procedure, as described in [15, TS 37.213], if the frequency position of the SS/PBCH block does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1]
· where the synchronization raster entry is located in the same channel as the SS/PBCH block used for the shared spectrum channel access procedure, as described in [15, TS 37.213], according to Table 13-1A and Table 13-2A.
· for SS/PBCH block provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing reportCGI, the k_ssb and offset from Table 13-1A and Table 13-2A indicated by the SS/PBCH block are applied to SS/PBCH block that would be located at the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1] 

where the offsets isare defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set that is same as the SCS of the corresponding SS/PBCH block.
<omitted text>



[bookmark: _Hlk31625618]On DRS transmission in WB carrier (Issue 3)
In NR-U, operating single SSB (in frequency domain) for a DRS of a serving cell, it may quite frequently occur that periodic DRS transmission is due on RB-set #X while gNB has acquired a COT for other RB-set #Y only. If RB-set with cell-defining SSB becomes congested, the gNB would have to perform HO to other cell, which could be anchored in other RB-set of the same carrier. Figure 2 shows 4 overlapping cells with identical RB-sets. Each RB-set hosts SSB of different cell having different PCI.  UE is connected to cell 1, however LBT starts to fail on RB-set#0, the gNB issues HO command 
[image: ]
Figure 2 Operation with overlapping cells
Observation 1: When operating single SSB for serving cell, it may quite frequently occur that periodic DRS transmission is due on RB-set #X while gNB has acquired a COT for other RB-set #Y only. gNB may perform handover to other serving cell with SSB on RB-set #Y.
Need for frequent HO would have significant impact on performance of NR-U. Instead it would be better, if gNB could transmit SSB with the same PCI on any RB-set of a carrier. Such SSB could be transmitting PBCH or not. From UE point of view, there would be a single initial BWP. However, UE would know that SSBs in different RB-sets of a carrier are QCLed and time synchronized. And UE than may perform initial access and/or synchronize on any RB-set of a carrier indicated to have SSB. This is shown in Figure 3, where UE is indicated in SIB1, that SSB is present on RB-set#0 and #2. No HO is required due to LBT failure in RB-set#0. 
[image: ]
Figure 3 Operation with single cell
Proposal 3: For operation on carrier with shared channel access, SIB1 may indicate which RB-sets of carrier including GBs contains SSB and whether SSB contains PBCH or not
· The SSBs on a carrier are transmitted with the same PCI
· The SSBs on a carrier are time-synchronized and QCLed.
· The PBCH of SSBs (if present) may be different. 
· If parameter is not indicated, the SSB is present only in RB-set where UE detected the SSB. 
· Adopt the following TP

	[bookmark: _Toc12021439][bookmark: _Toc20311551][bookmark: _Toc26719376][bookmark: _Toc29894807][bookmark: _Toc29899106][bookmark: _Toc29899524][bookmark: _Toc29917261]TP for TS38.213 
4.1	Cell search
<omitted text >
For operation with shared spectrum channel access, if the UE received bitmap provided by parameter XYZ in RMSI indicating that RB-set contains an SS/PBCH block, UE may assume that burst transmission windows of SS/PBCH blocks in the RB-sets are time-synchronised and quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214].
<omitted text >



PRACH
Enhanced PRACH design (Issue 4)
In RAN1#99 the following agreement was made:
	Agreement:
In addition to the Rel-15 design for NR short PRACH (sequence length of 139), support an enhanced PRACH design for NR-U by adopting a single long ZC sequence of the following lengths
· For 15 kHz SCS L_RA= 1151, For 30 kHz SCS L_RA= 571
· Introduce signalling in SIB1 to indicate to UE whether Rel-15 PRACH or enhance PRACH sequences above are used
· Logical root indices, cyclic shifts and frequency position are determined as give in Tables in Appendix B provided in R1-1911863




In RAN1#99 it has been agreed that the long PRACH for initial access is selected in SIB1. However, it was not discussed how UE selects PRACH in RRC connected mode. We think that UE should not be precluded from obtaining dedicated PRACH resources where both long and short PRACH exists. In fact, in case of share COT, where OCB can be guaranteed by gNB scheduling, it is essential that UE may use short PRACH even if long PRACH has been used in initial access or in UE acquired COT due to OCB. 
When PRACH is transmitted on the UL portion of gNB acquired shared COT, the preceding DL transmission fulfills the OCB requirement and the PRACH BW may be less than the OCB requirement. 139-long PRACH preamble is narrow enough to support simple and efficient FDMA with PUSCH as illustrated in Figure 4.


[image: ]
[bookmark: _Ref31877208]Figure 4 Frequency continuous PRACH preamble for PRACH in gNB acquired shared COT.
By having two configurations for the PRACH (RACH-ConfigCommon and RACH-ConfigDedicated) in TDM manner would allow operating one (e.g. long sequence) with lower periodicity and the other (short sequence) in opportunistic manner with higher periodicity conditioned with the gNB acquired shared COT detection. In other words, validity of the use of short PRACH sequence could be based on COT detection. Via configurations it can be guaranteed that ROs of different formats (short and long) would be TDM multiplexed. 
Observation 2: UE may be configured with long PRACH and short PRACH in RACH-ConfigCommon and RACH-ConfigDedicated, respectively such that ROs are TDMed.
Proposal 4: Enable usage of both short (139) and long (571/1151) PRACH in RRC connected mode. 
· Introduce parameter PRACH_ValidOnlyInSharedChannelOccupancy enabling short PRACH to be used only within the shared COT 
· Adopt the following TP in 38.213, section 8.1 

	[bookmark: _Ref491452917][bookmark: _Toc12021462][bookmark: _Toc20311574][bookmark: _Toc26719399][bookmark: _Toc29894830][bookmark: _Toc29899129][bookmark: _Toc29899547][bookmark: _Toc29917284]8.1	Random access preamble
<omitted text >
For operation with shared spectrum channel access, if the UE is configured with higher layer parameter PRACH_ValidOnlyInSharedChannelOccupancy set to ‘true’ 
· if a PRACH occasion overlaps with a shared channel occupancy defined in [3GPP TS 37.213] and
· if the PRACH occasion does no collide with DL symbol as described in [3GPP TS38.213, sub-clause 11], the
the PRACH occasion is valid. 
<omitted text >



LBT gaps in RACH slot (Issue 5)
Regarding PRACH preamble time domain allocation in NR-U within a RACH slot the following design principles are assumed/required:
· 16 or 25 us LBT gap before each RO where LBT length may be e.g. configured
· 100 us gap + 16 or 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 16 or 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 5 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. 
[image: ]
[bookmark: _Ref23923143]Figure 5 NR-U PRACH Format A1 and A2 design within a RACH slot.

The gaps between ROs can be simply implemented in TS38.211 section 5.3.2 by the following steps:
·  RO is moved by  symbols, to create 1 symbol gaps between ROs
· ROs outside of the slot are not valid
· CP extension in the symbol  preceding RO is created as agreed in channel access AI

[bookmark: _GoBack]Proposal 5: Within a PRACH slot, allocate 16 or 25 us (e.g. provided via configuration) 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.
· Adopt the following TP

	[bookmark: _Toc19796408][bookmark: _Toc26459634][bookmark: _Toc29230282]TP for TS38.211
5.3.2	OFDM baseband signal generation for PRACH
<omitted text >
For operation with shared spectrum channel access, the symbol position [image: ] is given by
	
where 
-	[image: ] is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4;
-   PRACH transmission occasion partially or fully outside the PRACH slot is not a valid occasion

For operation with shared spectrum channel access, cyclic extension of the first OFDM symbol  allocated for PRACH transmission, the time-continuous signal  for the interval  preceding the first OFDM symbol for PRACH is given by

where  refers to the signal in the previous subframe and  is given by 


where 
-	higher layer parameter CPExtensionPRACHr16 is either  or 
-    as defined in 5.3.1 and where  
<omitted text >




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-Issue 1:

Proposal 1: To support RMSI delivery of up to 900-1000bits multiplexed in a slot with SSB, replace table entry 10 of default TDRA table with (K0=0, S=7 and L=7) when UE operated on channel with shared channel access.
· Adopt the following TP

DRS-Issue 2: 
Proposal 2: Adopt the following TP for sub-clause 13 in TS38.213 to clarify the CORESET0 configuration for ANR SSB 
DRS-Issue 3:
Observation 1: When operating single SSB for serving cell, it may quite frequently occur that periodic DRS transmission is due on RB-set #X while gNB has acquired a COT for other RB-set #Y only. gNB may perform handover to other serving cell with SSB on RB-set #Y.
Proposal 3: For operation on carrier with shared channel access, SIB1 may indicate which RB-sets of carrier including GBs contains SSB and whether SSB contains PBCH or not
· The SSBs on a carrier are transmitted with the same PCI
· The SSBs on a carrier are time-synchronized and QCLed.
· The PBCH of SSBs (if present) may be different. 
· If parameter is not indicated, the SSB is present only in RB-set where UE detected the SSB. 
· Adopt the following TP

PRACH-Issue 4:
Observation 2: UE may be configured with long PRACH and short PRACH in RACH-ConfigCommon and RACH-ConfigDedicated, respectively such that ROs are TDMed.
Proposal 4: Enable usage of both short (139) and long (571/1151) PRACH in RRC connected mode. 
· Introduce parameter PRACH_ValidOnlyInSharedChannelOccupancy enabling short PRACH to be used only within the shared COT 
· Adopt the following TP in 38.213, section 8.1

PRACH-Issue 5:

Proposal 5: Within a PRACH slot, allocate 16 or 25 us (e.g. provided via configuration) 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.
· Adopt the following TP
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