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Introduction
Some remaining issues related to the synchronization signal in NR are discussed in this contribution. We address the need for the higher layer parameter k0 and have one clarification related to the timing of SS/PBCH block mapping.
The need for the parameter k0
In 38.211 there is a parameter k0 in the OFDM signal generation formula. This parameter seems unnecessary and should preferably be removed given the latest development in of the RRC specification.
RAN1 background
At RAN1#91, the following agreement was reached:
Agreements:
· A UE is RRC signaled with the following for common PRB indexing
· Offset between a reference location and the lowest subcarrier of the reference PRB [point A] (i.e. PRB0 in previous agreements)
· For DL in Pcell, the reference location is the lowest subcarrier of the lowest PRB of the cell-defining SSB after floating SSB is resolved
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI, which is based on ARFCN after floating ARFCN is resolved
· For Scell, the reference location is the frequency location indicated in the SCell configuration, which is based on ARFCN after floating ARFCN is resolved
· For SUL, the reference location is the frequency location indicated in the SUL configuration, which is based on ARFCN after floating ARFCN is resolved
· The reference PRB is expressed based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· The offset in the unit of PRB is indicated based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· Common PRB with index 0 for all SCSs contains point A
· Offset between point A and the lowest subcarrier of the lowest usable PRB of a given SCS
· The offset is indicated in the unit of PRB based on the given SCS
· k0 for each SCS if k0 is kept in Section 5.3 of TS38.211
· Channel BW of the carrier configured to the UE
· Note: the offsets defined above should cover a frequency range larger than R15 defined maximal bandwidth




This (and some other agreements) are reflected in 38.211. Note that  is part of the OFDM signal generation.
[bookmark: _Toc500952622]4.4.4.3	Common resource blocks


Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing configuration . The center of subcarrier 0 of common resource block 0 for subcarrier spacing configuration  coincides with 'point A'. 
[…]
5.3.1	OFDM baseband signal generation for all channels except PRACH




The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	
[…]



The value of  is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than .


RAN2 background
RAN2 has progressed the work on the RRC specification. In short, the RRC specification does not given the offset from the SSB to ‘point A’ but instead specifies point A directly using the NR-ARFCN numbering from RAN4. The parameter k0 is included in the latest RRC specification though.
From 38.331:
-- ASN1START
-- TAG-SCS-SPECIFIC-CARRIER-START

SCS-SpecificCarrier ::=			SEQUENCE {
	-- Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier
	-- in number of PRBs (using the subcarrierSpacing defined for this carrier). The maximum value corresponds to 275*8-1. 
	-- Corresponds to L1 parameter 'offset-pointA-low-scs' (see 38.211, section FFS_Section)
	offsetToCarrier				INTEGER (0..2199),
	-- Subcarrier spacing of this carrier. It is used to convert the offsetToCarrier into an actual frequency. 
	-- Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable.
	-- Corresponds to L1 parameter 'ref-scs' (see 38.211, section FFS_Section)
	subcarrierSpacing					SubcarrierSpacing,
	-- Corresponds to L1 parameter k0 (see 38.211, section 5.3.1). n-6 corresponds to value -6, n0 corresponds to value 0 and n6 corresponds
	-- to value +6.
	k0									ENUMERATED {n-6, n0, n6}, 
	-- Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier)
	-- Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section)
	carrierBandwidth					INTEGER (1..maxNrofPhysicalResourceBlocks),
	...
}

-- TAG-SCS-SPECIFIC-CARRIER-STOP 
-- ASN1STOP

-- ASN1START
-- TAG-SCS-SPECIFIC-CARRIER-START

SCS-SpecificCarrier ::=			SEQUENCE {
	-- Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier
	-- in number of PRBs (using the subcarrierSpacing defined for this carrier). The maximum value corresponds to 275*8-1. 
	-- Corresponds to L1 parameter 'offset-pointA-low-scs' (see 38.211, section FFS_Section)
	offsetToCarrier				INTEGER (0..2199),
	-- Subcarrier spacing of this carrier. It is used to convert the offsetToCarrier into an actual frequency. 
	-- Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable.
	-- Corresponds to L1 parameter 'ref-scs' (see 38.211, section FFS_Section)
	subcarrierSpacing					SubcarrierSpacing,
	-- Corresponds to L1 parameter k0 (see 38.211, section 5.3.1). n-6 corresponds to value -6, n0 corresponds to value 0 and n6 corresponds
	-- to value +6.
	k0									ENUMERATED {n-6, n0, n6}, 
	-- Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier)
	-- Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section)
	carrierBandwidth					INTEGER (1..maxNrofPhysicalResourceBlocks),
	...
}

-- TAG-SCS-SPECIFIC-CARRIER-STOP 
-- ASN1STOP


RAN4 background
RAN4 has agreed on the channel raster the NR-ARFCN.
From 38.101:
[bookmark: _Toc503255565]5.4.2.1            Channel Raster and Numbering
The channel raster defines a set of RF reference frequencies that are used to identify the RF channel position. The RF reference frequency for an RF channel maps to a resource element on the carrier.
A global frequency raster is defined for all frequencies from 0 to 100 GHz and is used to define the set of allowed RF reference frequencies. The granularity of the global frequency raster is ΔFGlobal. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster for that band with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.  
The RF reference frequency in the uplink and downlink is designated by the NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range [0.. 2016666] on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz for the downlink and uplink is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
FREF = FREF-Offs + ΔFraster (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
Frequency range
ΔFGlobal
FREF-Offs (MHz)
NREF-Offs
Range of NREF
0 – 3000 MHz
5 kHz
0 MHz
0
0 – 599999
3000 – 24250 MHz
15 kHz
3000 MHz
600000
600000 – 2016666


Discussion

The reason for introducing k0 at RAN1#91 was, in our understanding, to be able to center the ‘useful’ resource blocks in the middle of the carrier, especially when supporting multiple numerologies on the same carrier. To ‘center’ the ‘useful’ resource blocks in the carrier an offset of half an RB relative to point A was sometimes needed, hence .

However, given the very fine granularity with which point A can be configured and signalling the offset to point A with PRB granularity, alignment between common resource blocks is already achieved and there seems to be no need for the parameter  . If the carrier needs to be shifted by half an RB, a different position of ‘point A’ can be used.

Furthermore, note that the parameter  is part of the OFDM signal generation, including SIB1 and SSB, but is not provided to the UE until SIB1 has been received.
The parameter names in clause 4.4.4.2 of 38.211 also needs to be updated to align with 38.331.
Conclusion
Base on the discussion above, the following is proposed:

[bookmark: _Toc510791808]Remove  from 38.211. 
A TP is provided below.
<------------------------------------------ start of TP 38.211--------------------------->
5.3.1 OFDM baseband signal generation for all channels except PRACH




The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by




where  is the time within the subframe, 






 is given by clause 4.2, and  is the subcarrier spacing configuration. The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by






The value of  is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than .
<---------------------------------end of TP 38.213 -------------------------------->
SS/PBCH block Mapping to slots 
Mapping to which slot within one 5ms is not specified in 38.213.
Based on below figure discussed in RAN1, it should be specified that a set of SS/PBCH blocks transmitted in one half frame should start from the 1st slot of this half-frame.
[image: ]
[bookmark: _Toc510791809]It should be specified in 38.213 that a set of SS/PBCH blocks transmitted in one half frame should start from the 1st slot of the half-frame.

<------------------------------------------ start of TP 38.213--------------------------->
[bookmark: _Toc508784665][bookmark: _Toc505848892][bookmark: _Toc415085419]4.1		Cell search
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell.  
A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211]. 
A UE shall assume that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE shall assume that SSS, PBCH DM-RS, and PBCH data have the same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block in a corresponding cell is either 0 dB or 3 dB.
For a half frame with SS/PBCH blocks, the first slot with the candidate SS/PBCH blocks is the 1st slot of this half frame and the first symbol indexes for candidate SS/PBCH blocks are determined according to the subcarrier spacing of SS/PBCH blocks as follows. 
-	Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case B - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1.
-	Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case D - 120 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
-	Case E - 240 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.





The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to . A UE shall determine the 2 LSB bits, for , or the 3 LSB bits, for , of a SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For , the UE shall determine the 3 MSB bits of the SS/PBCH block index per half frame by PBCH payload bits  as described in [4, TS 38.212].
A UE can be configured by higher layer parameter SSB-transmitted-SIB1, indexes of SS/PBCH blocks for which the UE shall not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. A UE can also be configured per serving cell, by higher layer parameter SSB-transmitted, indexes of SS/PBCH blocks for which the UE shall not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. A configuration by SSB-transmitted overrides a configuration by SSB-transmitted-SIB1. A UE can be configured per serving cell by higher layer parameter SSB-periodicityServingCell a periodicity of the half frames for reception of SS/PBCH blocks per serving cell. If the UE is not configured a periodicity of the half frames for receptions of SS/PBCH blocks, the UE shall assume a periodicity of a half frame. A UE shall assume that the periodicity is same for all SS/PBCH blocks in the serving cell.




For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. Upon detection of a SS/PBCH block, the UE determines that a control resource set for Type0-PDCCH common search space is present if  [4, TS 38.211] for FR1 and if  for FR2. The UE determines that a control resource set for Type0-PDCCH common search space is not present if  for FR1 and if  for FR2. 
For a serving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the serving cell based on receptions of SS/PBCH blocks on the PCell, or on the PSCell, of the cell group for the serving cell.
<---------------------------------end of TP 38.213 -------------------------------->

Conclusion
Based on the discussions in this contribution we propose the following:

Proposal 1	Remove  from 38.211.
Proposal 2	It should be specified in 38.213 that a set of SS/PBCH blocks transmitted in one half frame should start from the 1st slot of the half-frame.
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