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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
There are still some remaining issues for the synchronization signal, such as:
· The OFDM signal generation [1].
· The power offset between SS/PBCH and PDCCH [2].
· Align the RAN4 and RAN1 understanding on virtual carrier for upconversion operation in uplink. 
· Additional values for the k0.
In this contribution, we discuss the above remaining issues. 
Discussion
Discussion on the OFDM baseband signal generation
In RAN1#AH 1801[1], the OFDM baseband signal generation related issues were discussed. Some conclusions were achieved as following:
Agreements:
· Send an LS to RAN4 regarding the following working assumption. Note that there are also other alternative(s) discussed in RAN1. 
· RAN1 asks RAN4 would especially appreciate if RAN4 can progress on the frequency offset associated with the value of M. RAN1 aims to make a decision in the early week of the next Feb. meeting. 
· (Working assumption) For signal generation:
· Agree to option 3a (unquantized)
· Baseband signal generation remains unchanged
· Change upconversion formula for all channels/signals expect PRACH to:
· 

 where 
· Upconversion formula for PRACH remains unchanged
In the last meeting, companies showed their understanding on this issues [4][5][6][7][8][9]. Most companies believed that when a large frequency offset associated with the value of M was supported, then we can directly confirm the above working assumption [4][5][6][7]. The basic logic is that: 
· [bookmark: OLE_LINK1]When the frequency offset associated with the value of M is large enough, for example larger than 63kHz [4], the UE can identify the three candidate GSCN entries around every 900kHz frequency location for FR1. At this case, option 3a and option 3b have no difference, since the ambiguous impact from three candidate GSCN entries has disappeared [4][5][6][7][9]. 
· After the UE receiver identify the three candidate GSCN entries around every 900kHz frequency location, the estimated frequency offset only comes from the UE’s crystal oscillator. This is similar situation with the LTE’s UE receiver. The frequency error introduced by the UE’s crystal oscillator can be easily estimated and removed according to the NR PSS/SSS signal design. 
In the last Feb. meeting, RAN4 has replied a LS to RAN1 [3]. A large shift (in the range of 70 - 100 kHz) was agreed for the FR1. The exact shift value between 70-100kHz is up to the coming RAN4#86bis.  Hence we have the following proposal:
Proposal 1: Confirm the working assumption for signal generation to use option 3a (unquantized).
Discussion on the SS/PBCH and PDCCH power offset
There are some discussions on whether gNB needs to signal the power offset between SS/PBCH and PDCCH for UE AGC training for the PDCCH and PDSCH reception. And the following agreement was achieved. 
Agreements:
· Discuss further till next meeting regarding power offset between SS/PBCH block and PDCCH
· No RRC signalling is necessary
Since the bandwidth of the SS/PBCH and PDCCH can be of large difference, the PSD power offset can be used to implicitly indicate their power offset. The UE common PDCCH for RMSI, OSI, RAR and paging (CORESET linked with Type0 ~ Type2 search space) will QCLed to the SSB. Hence the PSD offset range between SSB and such PDCCH should be limited, for example no more than [-3, 3] dB. There is no need to signal the offset in RMSI, which will reduce the overhead in RMSI. UE can assume some default PSD offset, e.g.: ([-3], [3]) dB.
For group common and UE specific PDCCH (CORESET linked with Type 3 and UE specific PDCCH), if the CORESET is configured by RRC which is different from that for RMSI, OSI, RAR and paging, we have following observations:
· The average channel gain may not be the same as the SSB;
· The analogue beam may be different with the SSB;
· Digital precoding may be different from the SSB.
Therefore such PDCCH PSD can have larger varied range relative to the SSB. The network should have the flexibility to set the PSD offset between SSB and PDCCH for different use cases. While since we have agreed no RRC signaling to support this issue, some default PSD range e.g. [-6, 6]dB can be assumed by the UE. 
Proposal 2: UE assumes the default range of EPRE offset between SS/PBCH block and PDCCH within certain value (e.g. [-6, 6]dB)
· The range for the UE common PDCCH for RMSI, OSI, RAR and paging (CORESET linked with Type0 ~ Type2 search space) can be smaller than those of UE group or UE specific PDCCH. 




[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK19]Common PDCCH include PDCCH for RMSI/paging/OSI. The resource is determined for these PDCCH CORESETs from PBCH. If the CORESET size is large, e.g. number of RBs = 48 and number of Symbols  =2, the supported aggregation level for PDCCH transmission can be up to 16.  On the other hand, some low aggregation level can be used, e.g. the maximum AL =4 in case of = 24 and  =1. When the same DCI is transmitted with different ALs respectively, superior performance and coverage can be foreseen for high aggregation level, e.g. AL =8/16.  While in order to achieve similar coverage as high AL, transmission power can be boosted for PDCCH with low AL. Therefore, the range of power offset between SS/PBCH block and PDCCH can be implicitly determined by PDCCH CORESET size. Different power offset range can be associated to different size of CORESET. For example [0, +12] dB is assumed when PDCCH CORESET size is less than 48, otherwise [-6, +6] dB is assumed. Based on this mechanism, UE can properly set its RX-AGC for PDCCH reception to achieve the best SINR.  
In addition, there are different CORESET sizes under different CORESET patterns. For some CORESET patterns, e.g. RMSI CORESET pattern 2/3, limited symbols are available, CORESET size is usually large for these patterns. While for RMSI CORESET pattern 1, more symbols can be configured, i.e. smaller CORESET size can be assumed. Therefore, it is possible that the power offset between SS/PBCH block and PDCCH can be similarly determined by CORESET pattern. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 3: Different type of power offset range between SS/PBCH block and PDCCH will be defined according to the configuration of PDCCH CORESET size or PDCCH CORESET pattern.
Discussion on the conception of virtual carrier between RAN1 and RAN4
For the phase compensation and upconversion operation in uplink, the UE should know the carrier frequency f0 as the following specification statement in TS38.211 [11]: 
	[bookmark: _Toc500952641]5.4	Modulation and upconversion





Modulation and upconversion to the carrier frequency  of the complex-valued OFDM baseband signal for antenna port , subcarrier spacing configuration , and OFDM symbol  in a subframe assumed to start at  is given by 


for all channels and signals except PRACH and by


for PRACH.



While both from the current RAN1 agreements or from the current specifications, carrier frequency  information will not be indicated directly. 
We noticed that the OFDM baseband signal generation is expressed as in TS38.211 [11] as following:
	[bookmark: _Toc500952640]5.3	OFDM baseband signal generation
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, 



From above expression of baseband signal generation, it seems the baseband signal is generated within the resource grid bandwidth. This resource grid is defined in TS38.211 [11] as: 
	[bookmark: _Toc500952617]4.4.2	Resource grid







[bookmark: _Hlk505670522]For each numerology and carrier, a resource grid of  subcarriers and  OFDM symbols is defined, starting at common resource block  indicated by higher-layer signalling. There is one set of resource grids per transmission direction (uplink or downlink) with the subscript set to DL and UL for downlink and uplink, respectively. When there is no risk for confusion, the subscript  may be dropped. There is one resource grid for a given antenna port , subcarrier spacing configuration , and transmission direction (downlink or uplink). 



If this bandwidth of resource grid of is aligned with the RAN4 definition of the maximum transmission bandwidth configuration NRB, then the UE can indirectly obtain the UE channel bandwidth and relevant carrier frequency f0. This is shown in the following Figure 1. If we align the relevant terminologies among RAN1, RAN2 and RAN4, the UE can obtain the channel bandwidth frequency location. And the carrier frequency f0 can also be obtained. 
[image: ]
Figure 1: the current parameters relationship among TS38.211[11], TS38.331[13], TS38.101 [12]

If we do not align the above terminologies, then the UE cannot obtain channel bandwidth location and the carrier frequency. If this happens, none of the following operations can be done by the UE: 
· The downlink RF filtering in the UE receiver; 
· The phase compensation on the uplink transmission; 
· The upconversion operation in uplink transmission.

At this case, we need some additional RMSI signaling to indicate the channel bandwidth frequency location and the carrier frequency. To align these three specifications, we have the following proposal: 
Proposal 4: the following three terminologies has the same value:
· 
Resource grid of in 38.211
· CarrierBandwidth in 38.331
· Maximum transmission bandwidth configuration NRB in 38.101-1
The definition of the maximum transmission bandwidth configuration NRB in TS38.101-1 [12] is also listed in the Annex B. The current specification parameters [13] are listed in the Annex C.
After align the above three terminologies, the reference to the higher layer parameter should be given for resource grid. To amend this issue, the related TP is given in Annex A for TS38.211.
Proposal 5: Adopt the TP in Annex A for 38.211. 

Discussion on the value of k0
In RAN1#92 meeting, some values for RRC parameter k0 have been agreed as following [2]:
Agreements:
· For RRC parameter k0, it takes values -6, 0 and 6
However, such values cannot achieve maximum transmission bandwidth defined by RAN4 for the smallest supported SCS for some channel bandwidth configurations, thus degrading the spectrum utilization. Hence, some additional values of k0 should be supported to maintain high spectrum utilization. An example of 15MHz channel bandwidth is provided, more details have been given in our companion contribution [10]. When we determine the value of k0, the following conditions should be fulfilled:
· Guard band values satisfy the minimum guard band requirement of RAN4 for each SCS of 15MHz channel bandwidth in Table 5.3.3-1 of TS38.101.
· For 15kHz SCS, the maximum transmission bandwidth of 79 RBs is utilized.
· For 30kHz and 60kHz SCS, the transmission bandwidths are maximized to satisfy both the guard band requirement and the nested RB grid, i.e., 37 RBs for 30kHz and 17 RBs for 60kHz.
The possible value of  are shown in the following Figure 2 for numerology µ from {15, 30, 60}kHz. It can be seen that the set of possible values for   is {-4.5, -3, -1.5, 0, +1.5, +3, +4.5}. Note that, either 1.5 or 4.5 can fulfill above conditions for 60kHz SCS and it is not necessary to support both the values. Since the absolute value of  should be minimized in order to make the guard band as symmetric as possible, and thus 1.5 is preferred to be supported rather than 4.5. Then we have the following proposal. More detailed discussion is given in [10].
Proposal 6: For RRC parameter k0, additional values i.e. {-3, -1.5, +1.5, +3} should be supported.
[image: ]
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Figure 2. Possible values of  for 15MHz channel bandwidth

Conclusion
In this contribution, we have discussed the remaining issues for the synchronization signal. From the discussion, we have the following conclusion as:  
Proposal 1: Confirm the working assumption for signal generation to use option 3a (unquantized).
Proposal 2: UE assumes the default range of EPRE offset between SS/PBCH block and PDCCH within certain value (e.g. [-6, 6]dB)
· The range for the UE common PDCCH for RMSI, OSI, RAR and paging (CORESET linked with Type0 ~ Type2 search space) can be smaller than those of UE group or UE specific PDCCH. 
Proposal 3: Different type of power offset range between SS/PBCH block and PDCCH will be defined according to the configuration of PDCCH CORESET size or PDCCH CORESET pattern.
Proposal 4: the following three terminologies has the same value:
· 
Resource grid of in 38.211 
· CarrierBandwidth in 38.331
· Maximum transmission bandwidth configuration NRB in 38.101-1
Proposal 5: Adopt the TP in Annex A for 38.211. 
Proposal 6: For RRC parameter k0, additional values i.e. {-3, -1.5, +1.5, +3} should be supported.
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Annex A: TP for resource grid
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
4.4.2	Resource grid







For each numerology and carrier, a resource grid of  subcarriers which is indicated by higher-layer parameter carrierBandwidth and  OFDM symbols is defined, starting at common resource block  indicated obtained by from higher-layer signalling parameter offsetToVirtualCarrier. There is one set of resource grids per transmission direction (uplink or downlink) with the subscript set to DL and UL for downlink and uplink, respectively. When there is no risk for confusion, the subscript  may be dropped. There is one resource grid for a given antenna port , subcarrier spacing configuration , and transmission direction (downlink or uplink).
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Annex B: the definition of maximum transmission bandwidth configuration in 38.101
The maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified in Table 5.3.2-1.
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135


[image: ]
Figure 5.3.3-1 Definition of channel bandwidth and transmission bandwidth configuration for one NR channel

Annex C: the current specification in 38.331 for configured carrier parameters 
–	FrequencyInfoDL
The IE FrequencyInfoDL provides basic parameters of a downlink carrier and transmission thereon. 
FrequencyInfoDL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-DL-START

[bookmark: _Hlk505296607]FrequencyInfoDL ::= 				SEQUENCE {
	-- Frequency of the SSB to be used for this serving cell. 
	absoluteFrequencySSB					GSCN-ValueNR,
	-- The frequency domain offset between SSB and the overall resource block grid in number of subcarriers. 
	-- Absence of the field indicates that no offset is applied (offset = 0). See 38.211, section 7.4.3.1)
[bookmark: _Hlk503917613]	ssb-SubcarrierOffset				INTEGER (1..15)																	OPTIONAL,
	-- Absolute frequency position of the lowest subcarrier (point A) of the reference PRB (Common PRB 0). 
	-- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
	absoluteFrequencyPointA						ARFCN-ValueNR																	OPTIONAL,

	-- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
	-- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
	scs-SpecificCarriers		SEQUENCE (SIZE (1..ffsValue)) OF SCS-SpecificVirtualCarrier,
	...
}
-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP

[bookmark: _Toc505697547]–	SCS-SpecificVirtualCarrier
The IE SCS-SpecificVirtualCarrier provides parameters determining the location and width of a carrier with a specific subcarrier spacing (SCS).
-- ASN1START
-- TAG-SCS-SPECIFIC-VIRTUAL-CARRIER-START

SCS-SpecificVirtualCarrier ::=			SEQUENCE {
	-- Offset in frequency domain between Point A (lowest subcarrier of common PRB 0) and the lowest usable subcarrier on this virtual carrier.
	-- The maximum value corresponds to 275*8-1. Corresponds to L1 parameter 'offset-pointA-low-scs' (see 38.211, section FFS_Section)
	offsetToVirtualCarrier				INTEGER (0..2199),
	-- Subcarrier spacing of this virtual carrier. It is used to convert the offsetToVirtualCarrier into an actual frequency. 
	-- Corresponds to L1 parameter 'ref-scs' (see 38.211, section FFS_Section)
	subcarrierSpacing					SubcarrierSpacing																	OPTIONAL,
	-- FFS_Description (see 38.211, section FFS_Section)
	k0									FFS_Value																			OPTIONAL, 
	-- Width of this virtual carrier in number of PRBs (using the subcarrier spacing defined for this virtual carrier)
	-- Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section)
	carrierBandwidth					INTEGER (1..maxNrofPhysicalResourceBlocks)											OPTIONAL,
	...
}

-- TAG-SCS-SPECIFIC-VIRTUAL-CARRIER-STOP 
-- ASN1STOP
[bookmark: _Toc505697548]–	FrequencyInfoUL
The IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon. 
FrequencyInfoUL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-UL-START

FrequencyInfoUL ::= 				SEQUENCE {
	-- Absolute frequency of the lowest subcarrier (point A) of the reference PRB (Common PRB 0). 
	-- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
	absoluteFrequencyPointA						ARFCN-ValueNR,					
	-- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
	-- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
	scs-SpecificCarriers				SEQUENCE (SIZE (1..ffsValue)) OF SCS-SpecificVirtualCarrier,

	additionalSpectrumEmission			AdditionalSpectrumEmission										OPTIONAL,	-- Need S
	p-Max								P-Max															OPTIONAL,	-- Need S
	-- Enable or disable the NR UL transmission with a 7.5KHz shift to the LTE raster
	frequencyShift7p5khz				ENUMERATED {true}												OPTIONAL,	-- Cond FDD
	...
}

-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP
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