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1   Introduction
In December 2017, NR band n40 (2300-2400MHz) was introduced in Rel-15 NR WID [1] with maximum channel bandwidth 50MHz for both UE and BS. Afterwards, since RAN4#86 meeting February 2018, the wider bandwidth had been proposed to match the spectrum available in Arab region [2,3]. In RAN4#86bis the agreement was reached[4], i.e., maximum 100MHz channel bandwidth for BS and maximum 80MHz bandwidth for UE were defined, and the corresponding CR was agreed [5]. 

Recently after the first 5G wave on C-band and 2.6GHz, operators as well as vendors begin considering 2.3GHz, i.e., n40. Unfortunately for n40 only 15KHz SSB SCS is supported. We mainly consider two use cases where 30KHz SSB SCS is preferred. The first one is for the wider bandwidth deployment, for which 80MHz and 60MHz channel bandwidths are specified with 30KHz SCS in n40. The second one is CA case, where the NR CA with n40 is deployed. For it, 30KHz SCS would be preferred due to limitation of optional feature of simultaneous reception on separate CCs with different numerologies in CA. 
For those use cases, the configuration of 15KHz SCS SSB plus 30KHz SCS data would be problematic in the real deployment:
· Firstly, the guard band is needed between SSB with 15KHz SCS and data with 30KHz SCS, which would cause the loss of spectrum efficiency, because SSB RE is not orthogonal with data RE and the duration of SSB and data symbols are unequal.

· Secondly, UE has to stop reception of serving cell(s) on Band n40 when conducting measurement, which would lead to the long interruption and downlink throughput loss, because the simultaneous reception of data and SS block with different numerologies when UE conducts the serving cell measurement or intra-frequency measurement is an optional feature.
· Thirdly, the implementation complexity would be increased for BS, UE and test equipment, which may delay the deployment on n40, because the additional hardware is needed to process SSB and data, e.g., single FFT does not work and dual FFT is needed.

In this paper we would like to raise that issue for n40 SSB SCS configuration and provide a number of candidate solutions for discussion. According to our survey, it seems that the deployment and implementation of device for n40 are in the very initial stage. So we would like to discuss the possibility to adding the 30KHz SSB for Band n40 from Rel-15.
2   Discussion
2.1   30KHz SSB SCS matching wider channel bandwidth well
When deciding the SCS of SSB for each band, the follow aspects as well as the inputs from operators were taken into account [6,7]:

· Try to define a default SCS per band to limit the hypotheses number for cell detection and thus reduce the delay in initial access
· Make SSB bandwidth with the default SCS fit the minimum channel bandwidth supported for each band, i.e., 5MHz minimum channel bandwidth for 15KHz SSB and 10MHz minimum channel bandwidth for 30KHz SSB

· Have to consider multiple default SCSs based on the demands from operators for deployments or due to the spectrum holding

· LTE/NR DL co-existence in the same band with minimum 10MHz bandwidth available on Band n5 and n66

· On certain bands, some operators who has narrower spectrum prefer 15KHz SCS SSB to align with 15KHz data and LTE, while other operators who hold wider spectrum prefer 30KHz SCS SSB to align with 30KHz SCS data
· For mmWave, some operators who have less spectrum (50MHz minimum channel bandwidth) consider 120KHz SCS SSB, while others who hold spectrum larger than 100MHz consider 240MHz SCS for SSB to speed up the beam searching. 

After extensive discussions, the compromise were reached [7] and finally capture in 38.101-1 and 38.101-2. The current specifications for SSB SCS can be summarized as below:

·  Default SCS(s) for below 7.125GHz (FR1)
· For LTE re-farming bands below 3GHz except for Band n5, Band n66 and Band n41/n90, and the new FDD bands with flexible duplex (n91~n94),  the default SCS for SSB is 15KHz

· For Band n5 and n66, 15KHz and 30KHz as default SCSs (LTE/NR DL co-existence)

· For Band n41, 15KHz and 30KHz as default SCSs (matching different spectrum holding)

· For Band n90, 15KHz and 30KHz as default SCSs (matching different spectrum holding, LTE/NR DL co-existence)

· For new NR bands or bands higher than 3GHz (n77, n78, n79 and n48), the default SCS for SSB is 30KHz.
· Default SCS(s) for above 24.25GHz (FR2), 

· For mmWave bands (n257, n258, n259, n260, n261), both 120KHz and 240KHz are defined as default SCSs
When looking into the default SCSs and the maximum channel bandwidths together shown in Table 1, it can be found that for most bands which have the bandwidth larger than 50MHz the 30KHz SCS can be supported for both SSB and data. But for n40 and n50, only 15KHz SSB SCS is supported, thus 15KHz SCS SSB has to be used together with 30KHz SCS data in order to support the higher channel bandwidth. 
Table 1: Maximum channel bandwidth for UE and SSB configurations for FR1

	Band
	Maximum channel bandwidth
	SS block SCS
	SS block pattern

	n40
	80MHz
	15KHz
	Case A

	n41
	100MHz
	15KHz and 30KHz
	Case A for 15KHz and Case C for 30KHz

	n48
	100MHz
	30KHz
	Case C

	n50
	80MHz
	15KHz
	Case A

	n77
	100MHz
	30KHz
	Case C

	n78
	100MHz
	30KHz
	Case C

	n79
	100MHz
	30KHz
	Case C

	n90
	100MHz
	15KHz and 30KHz
	Case A for 15KHz and Case C for 30KHz


For the other case, where the CA with n40 is deployed and the 30KHz SCS to support larger bandwidth is used on the other CC, 30KHz SCS for data is more preferable, because according to 38.306 the feature of support simultaneous reception of CCs with different numerologies in CA is optional.

------------------------------- 38.306 ----------------------------------

	supportedSubCarrierSpacingDL

Defines the supported sub-carrier spacing for DL by the UE, as defined in clause 4.2-1 of TS 38.211 [6], indicating the UE supports simultaneous reception with same or different numerologies in CA. Support of simultaneous reception with same numerology for intra-band NR CA including both contiguous and non-contiguous is mandatory with capability in both FR1 and FR2. Support of simultaneous reception with two different numerologies between FR1 band(s) and FR2 band(s) in DL is mandatory with capability if UE supports inter-band NR CA including both FR1 band(s) and FR2 band(s). Optional for other cases. Support of simultaneous reception of with different numerologies in CA for other cases is optional.
	FSPC
	CY
	No
	No


------------------------------- 38.306 ----------------------------------
For the above cases, as mentioned in the introduction part, such configuration requires the guard band between SSB and data. According to our analysis, at least 4 PRB on each edges of SSB would be needed considering the potential power difference between SSB and data, which is shown in Figure 1. In standard, handling the guard band is left to implementation. But it seems obvious that enabling 30KHz SCS SSB is beneficial to improve the spectrum efficiency for Band n40 for the use cases mentioned in this section.
[image: image1.png]SSB wi

h 15KHz SCS

NR data with 30KHz SCS

Guard band

o —





Figure 1: Guard band between SSB with 15KHz SCS and daat with 30KHz SCS
2.2   Optional feature: simultaneous reception and measurement with different SCSs

In 38.306 and 38.331 the capability is specified for simultaneous reception of data and SSB with different numerologies when UE conducting measurement, which are shown below. This feature is optional feature.
---------------------------------- Text of 38.306 ---------------------------------------
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	simultaneousRxDataSSB-DiffNumerology

Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes


---------------------------------- Text of 38.306 ---------------------------------------
---------------------------------- Text of 38.331 ---------------------------------------
MeasAndMobParametersFRX-Diff ::=            SEQUENCE {

    ss-SINR-Meas                                ENUMERATED {supported}              OPTIONAL,

    csi-RSRP-AndRSRQ-MeasWithSSB                ENUMERATED {supported}              OPTIONAL,

    csi-RSRP-AndRSRQ-MeasWithoutSSB             ENUMERATED {supported}              OPTIONAL,

    csi-SINR-Meas                               ENUMERATED {supported}              OPTIONAL,

    csi-RS-RLM                                  ENUMERATED {supported}              OPTIONAL,

    ...,

    [[

    handoverInterF                              ENUMERATED {supported}              OPTIONAL,

    handoverLTE-EPC                             ENUMERATED {supported}              OPTIONAL,

    handoverLTE-5GC                             ENUMERATED {supported}              OPTIONAL
    ]],

    [[

    maxNumberResource-CSI-RS-RLM                ENUMERATED {n2, n4, n6, n8}         OPTIONAL
    ]],

    [[

    simultaneousRxDataSSB-DiffNumerology        ENUMERATED {supported}              OPTIONAL
    ]]

}

-- TAG-MEASANDMOBPARAMETERS-STOP

-- ASN1STOP
 ---------------------------------- Text of 38.331 ---------------------------------------
In 38.133, the additional measurement restrictions and/or scheduling restrictions for radio link monitoring, intra-frequency measurement and beam management are specified. The examples are given below. It can be observed that without support of simultaneousRxDataSSB-DiffNumerology the measurement time will be longer and more scheduling restriction will be applied. 
---------------------------------------- Text of 38.133 ----------------------------------------
8.1.2.3
Measurement restrictions for SSB based RLM

The UE is required to be capable of measuring SSB for RLM without measurement gaps. The UE is required to perform the SSB measurements with measurement restrictions as described in the following clauses.
For FR1, when the SSB for RLM is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, 

-
If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for RLM without any restriction;

-
If SSB and CSI-RS have different SCS,

-
If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for RLM without any restriction;

-
If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.
For FR2, when the SSB for RLM is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.

---------------------------------------- Text of 38.133 ----------------------------------------
---------------------------------------- Text of 38.133 ----------------------------------------
8.1.7.2
Scheduling availability of UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring based on SSB as RLM-RS. For UEs which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to radio link monitoring based on SSB as RLM -RS.
-
The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on SSB symbols to be measured for radio link monitoring.

When intra-band carrier aggregation in FR1 is performed, the scheduling restrictions on FR1 serving PCell or PSCell applies to all serving cells in the same band on the symbols that fully or partially overlap with the restricted symbols. When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to radio link monitoring performed on FR1 serving PCell or PSCell in different bands.

---------------------------------------- Text of 38.133 ----------------------------------------
In order to support the simultaneousRxDataSSB-DiffNumerology, UE has to support the additional FFT for SSB reception, because the single FFT cannot be utilized simultaneously for SSB and data with different numerologies. Given that UE has up to four receiver antennas, it means that four additional FFT resources are needed on top of four FFT resources for data. 
The similar story happens for BS transmitter and also for test equipments. Thus the implementation complexities for the whole industry could be observed, which would delay the deployment on band n40.

2.3   Pros and cons to add 30KHz SCS for Band n40 SSB

There would be two main reasons against adding 30KHz SCS for n40:
· The increasing initial access time: If 30KHz is added for n40, the initial cell searching time seems doubled.
· Backward compatibility: 
· If adding 30KHz for n40 in Rel-15, the change will impact the existing UE and BS.
· If adding 30KHz for n40 in Rel-16, Rel-15 UE could not access Rel-16 network if it uses 30KHz SCS SSB.

2.3.1   Analysis on increasing initial access time
Firstly, regarding the first reason, the initial cell searching time will be prolonged but still tolerable.

There are 240 candidate synchronization rasters for cell detection if only 15KHz SCS is defined for SSB. If 30KHz SSB SCS is added, the candidate synchronization raters will be increased by 231. Totally there are 471 candidates.
Taking n66, for which both 15KHz and 30KHz SCSs are used for SSB, into consideration, there are totally 216+204 = 420 candidates for cell search, which is comparable to 471 for n40. If the delay to access n66 is tolerable, then the increasing time by adding 30KHz for n40 is tolerable, too.
We are not pushing adding 30KHz SCS for all the re-farming bands but just n40 to match the wider band deployment as mentioned above, which could not increase the overall searching time for UE supporting multiple bands.

Besides, if the increasing initial access time was a big concern, we can consider to define the larger step according to the input on the typical minimum channel bandwidth from operators who holds the wider spectrum. By defining the larger step, the candidate synchronization raster numbers could be reduced to some extent.

Secondly, the additional delay only happens for initial access. When UE is connected mode, the network can provide the assistant information, which will reduce the candidates for cell detection. And according to our knowledge, there seems some advanced algorithms or implementations to speed up the initial cell searching, which does not reply on searching in a raster by raster manner.

Thirdly, given that a number of bands with both 15KHz and 30KHz SCSs for SSB, e.g., n41, n66 and n5, which are used globally, the baseband and RF to handle cell searching assuming both 15KHz and 30KHz SSB SCS seems ready. We believe that enabling 30KHz SSB SCS in n40 would just need small amount of work.
2.3.2   Analysis on backward compatibility
Following [8] for the definition of backward compatibility, the following aspects for impacts should be analyzed

· Corrections to ASN.1

· Functional corrects: 

· The functionality affected by the CR;

· The impact if only the UE or only the network side implements the CR;

· The consequences if the CR is not agreed at all
Firstly, for ASN.1 because SCS of SSB for synchronization raster is relevant to the initial access, during which there is no signaling exchange before initial access, there would be no impact of the proposed change on ASN.1. 

Looking at TS36.331. During the initial access procedure, the SSB SCS configurations are included in ServingCellConfigCommonSIB in SIB1 and ServingCellConfigCommon as shown below. In SA mode, UE first detects the cell and receive MIB. Then UE receives SIB1 and other RRC information, which include the above two IE-s.

As observed below, the SSB SCS information is included in ServingCellConfigCommon. The IE of SubcarrierSpacing is general and the change of SSB SCS would not impact it.
---------------------------------- Text of 38.331 ---------------------------------------
ServingCellConfigCommonSIB information element

-- ASN1START

-- TAG-SERVINGCELLCONFIGCOMMONSIB-START

ServingCellConfigCommonSIB ::=      SEQUENCE {

    downlinkConfigCommon                DownlinkConfigCommonSIB,

    uplinkConfigCommon                  UplinkConfigCommonSIB                     
OPTIONAL, -- Need R

    supplementaryUplink                 UplinkConfigCommonSIB                      OPTIONAL, -- Need R

    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }          OPTIONAL, -- Need S

    ssb-PositionsInBurst                SEQUENCE {

        inOneGroup                          BIT STRING (SIZE (8)),

        groupPresence                       BIT STRING (SIZE (8))               
OPTIONAL  -- Cond FR2-Only

    },

    ssb-PeriodicityServingCell          ENUMERATED {ms5, ms10, ms20, ms40, ms80, ms160},

    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                    OPTIONAL, -- Cond TDD

    ss-PBCH-BlockPower                  INTEGER (-60..50),

    ...

}

-- TAG-SERVINGCELLCONFIGCOMMONSIB-STOP

-- ASN1STOP

---------------------------------- Text of 38.331 ---------------------------------------

---------------------------------- Text of 38.331 ---------------------------------------
ServingCellConfigCommon information element

-- ASN1START

-- TAG-SERVINGCELLCONFIGCOMMON-START

ServingCellConfigCommon ::=         SEQUENCE {

    physCellId                          PhysCellId                   
OPTIONAL,   -- Cond HOAndServCellAdd,

    downlinkConfigCommon                DownlinkConfigCommon            OPTIONAL,   -- Cond HOAndServCellAdd

    uplinkConfigCommon                  UplinkConfigCommon              OPTIONAL,   -- Need M

    supplementaryUplinkConfig           UplinkConfigCommon              OPTIONAL,   -- Need S

    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }        OPTIONAL,   -- Need S

    ssb-PositionsInBurst                CHOICE {

        shortBitmap                         BIT STRING (SIZE (4)),

        mediumBitmap                        BIT STRING (SIZE (8)),

        longBitmap                          BIT STRING (SIZE (64))

    }                                                                   OPTIONAL, -- Cond AbsFreqSSB

    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S

    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},

    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                            OPTIONAL, -- Need M

    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern   OPTIONAL, -- Need N

    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId OPTIONAL, -- Need N

    ssbSubcarrierSpacing                SubcarrierSpacing                                                   OPTIONAL, -- Cond HOAndServCellWithSSB

    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                              OPTIONAL, -- Cond TDD

    ss-PBCH-BlockPower                  INTEGER (-60..50),

    ...

}

-- TAG-SERVINGCELLCONFIGCOMMON-STOP

-- ASN1STOP

…
SubcarrierSpacing information element

-- ASN1START

-- TAG-SUBCARRIERSPACING-START

SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1}

-- TAG-SUBCARRIERSPACING-STOP

-- ASN1STOP

---------------------------------- Text of 38.331 ---------------------------------------
For EN-DC, the assistant information related to SSB SCS is specified. In order to avoid some misunderstanding, it seems necessary to have some clarification on it. RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information, and NW can adapt either 15 KHz or 30 KHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE. But that is not relevant to the proposed change, since the synchronization raster is for SA rather than NSA.
Secondly, regarding the functional correction aspect, the change on SSB configuration impacts the initial access. If there was a legacy UE which cannot support 30KHz SCS SSB and the network configure 30KHz SCS SSB, then the legacy UE could not access the network. So the proposal of change on SSB SCS configuration would be non-backward compatible.
But pragmatically the fundamental question could be whether there is legacy n40 UE, i.e., whether the device supporting n40 has already been in the market or is about to be in the market soon. If the answer was no, adding 30KHz SCS for n40 SSB would be feasible, and there would be not “backward compatible” issue.
To say the least, if there was Rel-15 device or deployment for n40 in the market, the other solution could be considered, i.e., introducing of a new band. Or we can add the 30KHz SCS for n40 SSB from Rel-16 and configure both 15KHz SCS SSB and 30KHz SCS SSB in an FDM manner.
3   Observations and proposals
According to the above analysis, we have the following observations
· Observation 1: Enabling 30KHz SCS for n40 SSB can improve the spectrum efficiency by saving the guard bands between SSB with 15KHz SCS and data with 30KHz SCS when 30KHz SCS is used.
· Observation 2: The UE capability of simultaneous reception of SSB and data with different numerologies is optional, and without supporting that capability the longer measurement time, the more frequent interruptions on the service and more scheduling restrictions will be expected.
· Observation 3: To support the simultaneous reception of SSB and data with different numerologies will result in the increasing complexity for UE, BS and test equipment, which would delay the deployment for n40.

· Observation 4: Adding 30KHz SCS for n40 SSB could lead to the tolerable additional delay for initial access, which is comparable to the initial access delay for the bands which support both 15KHz and 30KHz SCS SSB.
· Observation 5: if there was or was going to be no n40 device in the market, it could be feasible to add 30KHz SCS for n40 SSB from Rel-15.
To solve this problem, we have three alternative solutions considering the backward compatibility issue
· Proposal: to address the misalignment between SSB SCS configuration and data SCS configuration when 30KHz data SCS is configured for Band n40, the following alternative solutions are proposed:
· Alt#1: Add 30KHz SSB SCS in the synchronization raster configuration for n40 from Rel-15

· Alt#2: Add 30KHz SSB SCS in the synchronization raster configuration for n40 from Rel-16, and check the feasibility of Rel-16 network supporting both 15KHz SSB SCS and 30KHz SSB SCS. 

· Alt#3: Define a new band with the same frequency range as n40 and reusing the same RAN4 requirements and add 30KHz SSB SCS for it.

One more thing is that we cannot replace the existing 15KHz SSB SCS by 30KHz SSB SCS, because the minimum channel bandwidth of n40 is 5MHz, which 30KHz SCS SSB cannot match. It is different from Band n48, for which 30KHz SSB SCS is defined with the clarification that for this bandwidth, i.e., 5MHz, the minimum requirements are restricted to operation when carrier is configured as an SCell part of DC or CA configuration.
4   Conclusions
In this contribution, we identify a potential issue for wider band deployment on Band n40, i.e., the 15KHz SSB SCS does not match 30KHz data SCS, which results in the loss of spectrum utilization, the longer measurement time and frequency interruption on the service due to conduction measurement, and potential implementation complexity to reduce the longer measurement time for UE, BS and test equipment. We also analyse the impacts of adding 30KHz SSB SCS from the backward compatibility perspective and think that it could be feasible to add it since almost no n40 device was in the market nowadays.
The observations and proposal are as follows:

· Observation 1: Enabling 30KHz SCS for n40 SSB can improve the spectrum efficiency by saving the guard bands between SSB with 15KHz SCS and data with 30KHz SCS when 30KHz SCS is used.
· Observation 2: The UE capability of simultaneous reception of SSB and data with different numerologies is optional, and without supporting that capability the longer measurement time, the more frequent interruptions on the service and more scheduling restrictions will be expected.

· Observation 3: To support the simultaneous reception of SSB and data with different numerologies will result in the increasing complexity for UE, BS and test equipment, which would delay the deployment for n40.

· Observation 4: Adding 30KHz SCS for n40 SSB could lead to the tolerable additional delay for initial access, which is comparable to the initial access delay for the bands which support both 15KHz and 30KHz SCS SSB.

· Observation 5: if there was or was going to be no n40 device in the market, it could be feasible to add 30KHz SCS for n40 SSB from Rel-15.
· Proposal: to address the misalignment between SSB SCS configuration and data SCS configuration when 30KHz data SCS is configured for Band n40, the following alternative solutions are proposed:
· Alt#1: Add 30KHz SSB SCS in the synchronization raster configuration for n40 from Rel-15

· Alt#2: Add 30KHz SSB SCS in the synchronization raster configuration for n40 from Rel-16, and check the feasibility of Rel-16 network supporting both 15KHz SSB SCS and 30KHz SSB SCS. 

· Alt#3: Define a new band with the same frequency range as n40 and reusing the same RAN4 requirements and add 30KHz SSB SCS for it.
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