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1 Introduction
RAN1 concluded from NR SI that maximum channel bandwidth (CBW) per NR carrier is 400 MHz in Rel-15 and the maximum number of NR carriers for CA and DC is 16 from RAN1 specification perspective. This contribution presents our view on NR wider bandwidth operations including: 
· Numerology for wider bandwidth and resource allocation
· Transition time for bandwidth adaptation
· Bandwidth configurations for single carrier wideband operations
· Possible modes of operation for single carrier
· AGC settling
2 Numerology for wider bandwidth
From RAN1 perspective, it was agreed that the maximum channel bandwidth per NR carrier in Rel-15 is 400 MHz. In addition, at least for single numerology case, candidates of the maximum number of subcarriers is 3300 or 6600 in Rel-15 (it is up to RAN4 for the final decision on the value).
The maximum number of subcarriers has the implication on the maximum FFT size. However, from implementation perspective, it is our view that the candidate maximum FFT size (e.g., 4096, 8192) is not a limiting factor.
Observation 1: From implementation perspective, the candidate maximum FFT size (e.g., 4096, 8192) is not a limiting factor.
According to the latest RAN4 LS in [1], the subcarrier spacing (SCS) for NR are as following:
	1. SCS supported for bands below 1 GHz
0. 15kHz, 30kHz
0. The decision of supporting 60kHz is pending RAN1 check
1. SCS supported for bands between 1GHz and 6GHz
1. 15kHz, 30kHz, 60kHz
1. SCS supported for bands above 24GHz and below 52.6GHz
2. 60 kHz, 120kHz
2. 240kHz is not applicable for data
· 240kHz for data can be further considered if a clear benefit is shown 
1. SCS support is band dependent
1. RAN4 assumes others SCS at least for data may be added in a forward compatible manner in later releases


Further, it is understood that both 60 kHz and 120 kHz are the potential candidates for bands between 6 GHz and 24 GHz. 
Table 1 shows the potential numerology for wider bandwidth carrier based on the assumption of 99% filtering efficiency. As the candidates of maximum number of subcarriers is 3300 or 6600, SCS of 15 kHz and 30 kHz cannot support 400 MHz for maximum channel bandwidth. 
Table 1: Potential numerology for wider bandwidth carrier
	Operating frequency band
	~ 1 GHz,
1 ~ 6 GHz
	~ 1 GHz,
1 ~ 6 GHz
	1 ~ 6 GHz,
24 ~ 52.6 GHz
	24 ~ 52.6 GHz

	Subcarrier spacing (kHz)
	15
	30
	60
	120

	Max # of subcarriers
	3300, 6600
	3300, 6600
	3300, 6600
	3300

	Max # of PRBs
	275, 550
	275, 550
	275, 550
	275

	Max channel BW (MHz)
	50, 100
	100, 200
	200, 400
	400

	Max total aggregated BW (GHz)
	0.8, 1.6
	1.6, 3.2
	3.2, 6.4
	6.4


According to Table 1, to support 100MHz channel bandwidth on 15 kHz SCS, 6600 subcarriers and 8192 FFT size is needed, even though 8192 FFT size is FFS.
Observation 2: To support 100MHz channel bandwidth with 15 kHz SCS, 8192 FFT size is necessary.
For mixed numerology, e.g., {15/30, 30/60, 15/60} kHz for sub-6GHz and {60/120} kHz for above-6GHz, FDM of numerologies can be supported via different FFT blocks. In such cases, the limit on the number of subcarriers applies to the lowest sub-carrier spacing. For example, when 15kHz and 30kHz SCS are supported in a CBW of 100MHz, the maximum number of subcarriers that can be considered is 6600 which is decided based on the lower numerology 15kHz. 
As another example, for 100MHz CBW, when BW is shared between numerologies, 3300 subcarriers with 15 kHz SCS and 1650 subcarriers with 30 kHz can be possibly mixed half-and-half in a BW sharing manner. Furthermore, considering other mixing ratios, not all combinations seem possible from the implementation perspective.
Observation 3: According to mixing ratio and CBW for mixed numerology, not all combination of SCS is possible from an implementation perspective.
For a given total bandwidth, the necessary signaling for resource allocation can be different depending on whether it is CA/DC or single wider bandwidth carrier.
· CA/DC: Assuming that the scheduling is per cell (carrier) basis like LTE CA/DC, the resource allocation signaling in both DL and UL is in proportion to the number of aggregated CCs. In case of UL HARQ feedback, a proper multiplexing operation would be needed for UL coverage limited UEs.
· Single wider bandwidth carrier: The necessary signaling for scheduling grant can be kept smaller than that of CA/DC. Specifically, the difference comes from whether the control information fields, e.g., HARQ related information, MCS, and CRC, should be duplicated (CA/DC) or not (single carrier operation). The signaling for resource assignment field can be saved as well by single carrier operation. Table 2 shows the example of resource assignment bit size for CA/DC and single carrier operation, respectively. The overall signaling overhead gap is in proportion to the number of CCs for CA/DC.
Table 2: Example of resource assignment bit size: CA/DC and single carrier operation
	
	CA/DC
	Single carrier operation

	Assumption
	Total BW = 2 x carrier BW (i.e. 2 CCs)

Carrier BW, = 100 PRBs
RBG size (P) = 4
	Total BW = carrier BW

Carrier BW, = 200 PRBs
RBG size (P) = 4, 8

	Resource allocation type 0/1


	50 bits / total BW
(25 bits / CC)
	50 bits / total BW (P=4)
25 bits / total BW (P=8)

	Resource allocation type 2


	26 bits / total BW
(13 bits / CC)
	15 bits / total BW


3 Transition time for bandwidth adaptation
According to RAN4 response LS [2], the transition time (RF aspects) at least for sub-6GHz can be;
· Up to 20 µs if the center frequency is the same before and after the bandwidth adaptation for intra-band operation
· 50 ~ 200 µs if the center frequency is different before and after the bandwidth adaptation for intra-band operation
· Up to 900 µs for inter-band operation
RAN4 also has the opinion that for single-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time and the waiting time for slot boundary alignment if DL signal from the same cell is assumed before and after the bandwidth adaptation. For multiple-carrier operation, the waiting time for reference signals for AGC settling is additionally required. 
RAN4’s understanding is that UE power saving is the primary benefit for UE RF bandwidth adaptation
Observation 4: 
· Given RAN4 feedback, at least for sub 6GHz, UE bandwidth adaptation provides UE power saving benefit. 
· We expect this observation can be hold for above 6GHz as well where the relative bandwidth before and after bandwidth adaptation can be larger.
Multiple attributes can be conceived for the signalling of UE bandwidth adaptation. Explicit signalling is one possibility to enable UE bandwidth adaptation. A typical example is LTE Scell activation/deactivation command conveyed by MAC CE for multiple-carrier operation. On the other hand, implicit signalling can be achieved by associating resource allocation field in scheduling assignment. For example, when the resource allocation is more than certain amount, it triggers UE to expand the bandwidth. Upon gNB indication of UE bandwidth adaptation, UE confirmation would be needed in order to avoid any potential misalignment between gNB and UE.
In order to accommodate the transition time for UE bandwidth adaptation, the timing gap between UE reception of the indication and its application should be wide enough. The minimum required timing gap would depend on specific operation scenario. For example, as RAN4 pointed out, the total transition time should include AGC settling time in case of multiple-carrier operation. Flexible timing control can be supported via timing indication in the DCI (both same-slot and cross-slot scheduling).
Further, slot format may impact the timing. For instance, when slot n contains both DL and UL part and UE receives the indication of bandwidth adaptation at slot n, the UE may need to suspend the bandwidth adaptation until the end of UL part for potential UL transmission.
The signalling aspects for bandwidth adaptation are tightly coupled with control channel design and scheduling/HARQ operation. As RAN1 already agreed to support the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information, bandwidth adaptation functionality should be taken into account when the signalling details are specified. 
Proposal 1: Bandwidth adaptation functionality should be taken into account when the signalling details are specified, e.g., the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information. 
For NR-PDCCH, the CORESET should be configured properly such as to be available within both bandwidths before and after adaptation. Some more details about BW adaption in the context of frequency range and BW part is discussed in our companion contribution on DL resource allocation aspects [6]. Similarly, the frequency resource for UL control transmission should be confined within both bandwidths before and after adaptation.

1 
4 Bandwidth Configurations for Single Carrier Wideband Operations
It is not necessary for a UE to always monitor a wide BW and the single carrier wideband operation can be accompanied by the 1st RF and 2nd RF BW operations/configurations to realize UE power savings (a main KPI for NR). Aspects to be considered when configuring the 1st RF BW and 2nd RF BW to a UE (from a downlink perspective) are subsequently discussed. Until, RAN1#88 meetings, the terminology of 1st and 2nd RF BW were used. However, since each of these BW does not really mean the order in which they are configured, these terms can be replaced with generic terms such as frequency range A or B. We will use these terms in the rest of the contribution. 
During RAN1#88bis, there were discussions if the BW regions over which a UE performs sync measurements, RACH etc are also considered as frequency range A/B or not. However, as per the agreement made, a NR UE is not required to receive any DL signals outside a frequency range A which is configured to the UE. Hence our understanding is that a frequency range is configured to a UE which is in connected mode. Until a UE enters the connected mode, the configuration of the search space for Msg2/Msg4 decoding etc is obtained as discussed in [5] and no concept of frequency range is required to be pre-configured/pre-defined for a UE. 
As discussed in [6], within a frequency range a UE may be additionally configured BW parts and a UE may monitor one BW part which consists of only the SS block. Hence, until a UE enters the connected mode, there is no specific configuration of frequency range A/B or a BW part. 
Observation 5: Based on the agreement in RAN1#88bis, a UE is configured with a frequency range only when it is in connected mode. 
2 
3 
Frequency range aspects
A frequency range is configured for a connected mode UE and supports at least NR-PDCCH and NR-PDSCH. Other usage cases, such as for CSI-RS, are not precluded. 
The following are some of the purposes identified for a frequency range:
a) Monitor the UE common information (for RRC Connected UE’s) 
b) Monitor the common per-beam information in above 6GHz systems
c) Monitor dedicated search spaces for UE specific configurations and to get configurations for a different frequency range (if needed)
d) Support RRM measurements (as will be discussed shortly, this is needed if the RRM RS is inside the frequency range)
e) Support BW part configurations
Therefore, – 
1) Some part of the frequency range can be UE specific 
2) The frequency range can overlap with the RRM BW region i.e., the BW region which contains RS signals for RRM measurements
3.1.1 Flexible Configurations for several UEs
The frequency range should allow multiplexing of NR-PDCCH transmissions for a relatively large number of UEs. Therefore, frequency ranges configured to UEs should overlap (i.e. have common parts for different UEs) in order for UEs to monitor UE-common information while also allowing some UE specific configurations. Specifically, if the location of a frequency range is common for all UEs, there is no flexibility for further UE-specific configurations. When locations for the frequency range are not identical among UEs, common control channel information may need to be duplicated in each UE-specific BW. The NW can choose between these options and accordingly, some UEs may have a common part in their frequency range while others may have dedicated location and duplicate UE-common information. 
Observation 6: There is a trade off in terms of flexibility and signalling overhead between a) sharing a frequency range across UEs with a common location for monitoring UE-common information and b) dedicated frequency range location for some UEs and replication of UE-common information. 
Observation 7: UE hardware aspects, such as RF BW, and the numerology in a given frequency band are important factors in determining a BW that can be supported for single-carrier operation within a frequency range.
RRM BW
The RRM BW is used for performing RRM measurements (for e.g. handover purposes, cell measurements). At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode. For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS. Therefore, the RRM BW is determined by either NR-SSS transmission bandwidth or CSI-RS transmission bandwidth. 
Observation 8: RRM BW is determined by either NR-SSS transmission bandwidth or CSI-RS transmission bandwidth.
It is generally desirable to avoid having a UE to re-tune in order to perform inter-cell measurements. This will also require some network coordination where the gNB indicates to UEs the RRM BW for adjacent cells. It is therefore beneficial if RRM measurements are performed over the BW that should preferably be common among cells [3]. 
Proposal 2: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.
3.1.2 RRM considerations for a frequency range
For RRM measurements when a UE is configured for a frequency range, the following options exist: (i) RS for RRM is inside the frequency range, (ii) RS for RRM is separated from the configured frequency range, and (iii) new RS for RRM inside the frequency range for measurement purposes. 
For option (i), the configured frequency range of all UEs will contain the RS used for RRM purposes. This can happen in the following ways – a) when sync signals are used for the RRM purposes, then the frequency range of all UEs must contain this BW, and b) when the RRM BW spans the entire BW (as in the case of wideband RS such as cell-specific wideband CSI-RS), then there are RRM signals present inside the UE’s frequency range (wherever it is located) that can be used for RRM measurements. For both these cases no new configurations are needed from the NW side for configuring the frequency range for RRM measurements. However, note that when the RRM BW is the same as the sync BW (as mentioned earlier, when sync signals are used for RRM measurements), then the network has to configure the frequency range for all UEs to overlap with the RRM BW region which can limit the ability to flexibly configure the frequency range to UEs. 
For option (ii), the RRM signals used for RRM purposes are separated from the frequency range. This case occurs when the RRM measurements are performed using the sync signals. In such a setting, the NW can configure measurement gaps while accounting for a re-tuning delay necessary for a UE to switch from the configured frequency range to the RRM BW region. This can increase the burden on the NW side and also increases the power consumption at the UE due to this frequent re-tuning.
For option (iii), UE re-tuning is avoided but the NW needs to provide new RS for measurements (measurement RS) inside each frequency range. This option increases the signalling overhead. 
Considering the above options and associated trade-offs, option (iii) seems least favourable considering the signalling overhead. Considering the fact that option (ii)-type configuration is already supported in LTE (e.g. for eMTC), the gNB can decide to either support option (i) or option (ii). 
Observation 9: RS for RRM inside the configured frequency range or separated from the frequency range with support of UE retuning are viable options for a network to select. 
5 Possible modes of operation for single carrier wideband
During RAN1#88 bis, it is agreed that heterogeneous support for Case-3 i.e., some UEs operate via CA and other UEs via single wideband carrier mechanism. This support raises some issues as follows
(i) Sync signal location and usage
(ii) RS design
(iii) Channel spacing between CCs for PRB grid alignment 
(iv) UL design
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Figure 1: Possible modes of operations/ implementation for wider bandwidth [4]
Sync signal location and usage
With regards to issue (i), the following procedure is usually followed for a UE -> find an active SS location on the SS-raster, get indication of the associated carrier location. Assuming that this UE supports the wideband operation, no more issues arise here. Another UE may also find the same SS location and gets indication of the same carrier location. But this UE supports the wideband carrier only via CA mechanism. Now the gNB has to make a decision how to support this second UE. In [7], we show that 1 SS signal of sufficient BW is enough to support a very wide BW measurements. Hence, for a wideband carrier of the order of ~400MHz, 1 sync signal of ~60MHz BW is sufficient for measurements. For BW much larger than 400 MHz, additional study is needed how to combine the measurements from other SS signals within this wideband. In such a case, the gNB may have to activate multiple SS within one wideband carrier even for the UE that operates in a single carrier fashion
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Figure 2: Sync signal location and usage
However, when such a wideband carrier is defined from network side, but the UE is operating in a carrier aggregation mode, this synch signal location may not be inside the CC it is using as shown in figure above. The orange and green blocks define the SS locations as per the SS raster within the wideband carrier. The orange SS block is active and is which carriers the SS-block for the wideband carrier. However, it is seen that CC-1 does not have any active SS-block which carries the sync signals needed for maintain the DL synchronization. Hence, provision must be provided wherein the gNB may activate other SS-locations within the wideband carrier to enable the CC’s for the CA mode to operate properly and enable UEs DL operation. We prefer that no new signals and signal locations be defined for this purpose and the existing ones be continued to be used and just be activated. This new activated signals can avoid problems of synchronization among the 2 CC’s and may also avoid in-correct information being shared (wrong DL sync measurements, for example) across the CC. 
If at all a carrier exists in between the 2 sync signal locations, then only re-tuning support must be provided to the user instead of defining any new signals. Such a situation may arise when the SS raster is larger than the carrier raster for example: SS raster is 300 KHz but carrier raster is only 100 kHz.
Observation 10: A UE operating in a wideband fashion can rely on one SS for appropriate measurements for BW sizes of about 400 MHz.  
Proposal 3: Provide support for activating SS signals at different locations within a wideband carrier.  
RS Design
With regards to issue (ii), some problems may arise with respect to support of reference signals design such as tracking RS and its usage when various UEs are supported within a single carrier fashion or CA fashion to enable Case-3 deployments. We believe that there will be no issue with handling such cases. For example, tracking RS may be designed as a wideband RS which spans the entire system BW. When a UE supports the full system BW in single carrier fashion, it can use the full tracking RS signal for securing wideband measurements. However, for users that support case-3 in a CA fashion, they can secure only sub-band measurements of this wideband RS. While the measurements may indeed be degraded when considering one-shot measurements, we believe that such users can improve the measurement accuracy by obtaining measurements for a longer period of time. Hence any wideband RS design seems not impacted. Further UE specific RS design can be allotted to the UE based on whether it operates in a CA fashion (inside the CC’s used for aggregation) or a wideband fashion. 
Observation 11: Besides SS, there seems to be no apparent issue with the design of other RS for Case-3 support.  
Channel spacing between CCs for PRB grid alignment
NR has made agreement on wideband operation where a gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs. In LTE, carrier spacing between different carriers with intra-band contiguous CA is basically given by a multiple of 300kHz which is derived from the least common multiple (LCM) of 15kHz (subcarrier spacing) and 100kHz (channel raster) to support joint transmission/reception with single FFT block. In addition to consideration in LTE, to jointly operate a wideband CC and a set of intra-band CCs in NR, PRB grid alignment between them should be taken into account as well. When a certain wideband CC is placed within frequency band, channel spacing between adjacent narrowband CCs within wideband CC or between narrowband CC and wideband CC can be calculated by following equation:
Channel spacing = n  LCM(channel raster, SCS12), where n is non-negative integer.
In case that channel raster and SCS are 100kHz and 15kHz, respectively, the possible location of CC is a multiple of 900kHz as shown in Fig 1. Further, when mixed numerology is used, the largest SCS should be chosen due to the agreement on the nested structure. For instance, in case of 15/30kHz SCS mixed numerology, carrier spacing is a multiple of 1.8MHz. Even if non-zero guardband between CCs is necessary, it should be allocated in PRB level to keep PRB grid alignment. Otherwise, it seems that a lot of signaling overhead occurs to define different PRB grids between narrowband CCs or between narrowband CC and wideband CC. Depending on which channel raster is chosen, carrier spacing might be too large and coarse to operate properly. Therefore, appropriate channel raster should be taken into account. 
Proposal 4: For given channel raster, channel spacing between CCs should be as follows:
Channel spacing = n  LCM(channel raster, SCS12), 
where n is non-negative integer and SCS is the largest value among multiple subcarrier spacings to be used in a cell.
[image: ]
Figure 3: Possible locations of narrowband CC when SCS =15kHz and channel raster = 100kHz
UL Design
It is clear that from an UL perspective, DFT-S-OFDM cannot be used to support Cases-3 and 4 in order to preserve the single carrier property. Hence CP-OFDM will be the default waveform that needs to be used in the UL if Cases 3, 4 have to be considered. This also mandates special considerations on the power levels for the UE uplink transmissions. However, note that in cases 1 and 2, power gains of about 3dB may be achieved due to the possibility of implementation of low PAPR DFT-S-OFDM. Hence, depending on the UE link budget and UE capability, appropriate configurations may be chosen. 
Observation 12: The applicability of DFT-S-OFDM waveform in the uplink wideband operations depends on various configurations listed above (e.g., case 3 and 4).
6 AGC Settling
As per RAN4 agreements, AGC settling should be addressed when inter-band BW adaptation is considered. Specifically, it is necessary when the power spectral density before and after BW adaptation changes which depends significantly on the resource allocation, power used among others in addition to the bandwidth used. Avoiding any PSD fluctuations will need to ensure that the transmission takes care of several parameters which may put significant onus on the gNB (for example, considering the DL case). Scaling of the AGC from one frequency range to other frequency range maybe possible only if the frequency variations are not much before and after adaption. 
In order to avoid optimization for every UE, additional reference signals may be provided to the user for AGC settling purposes. These reference signals can be of the form of front-loaded DMRS when a UE tunes to a frequency range. Since a UE is requested to re-tune to a different frequency range only when there is a specific requirement, for instance higher data rates, it is definite that DMRS would be associated with such an allocation for the UE. Hence, the DMRS associated with this allocation can be used for AGC settling. In addition, tracking RS signals (wideband RS) which may be configured in a cell-specific manner may also be used. Alternately, a UE can by default assume that certain locations in the time-frequency grid may be allotted for the same. Since this bandwidth adaptation is UE specific, and these reference signals used for AGC may not always be ON (such as aperiodic CSI-RS), the gNB has to ensure that the other users’ allocation will not consider these time-frequency locations, at least during the short time interval where these RS are present. RAN1 needs more inputs from RAN4 on the type of RS, BW of the RS, time duration of the RS that is sufficient for AGC settling purposes after BW adaptation. 
Observation 13: AGC settling RS are beneficial for inter-band BW adaptation. 
7 Summary
Based on above discussion for NR wider bandwidth operations, we have following observations and proposals:
Observations
Observation 1: From implementation perspective, the candidate maximum FFT size (e.g., 4096, 8192) is not a limiting factor.
Observation 2: To support 100MHz channel bandwidth with 15 kHz SCS, 8192 FFT size is necessary.
Observation 3: According to mixing ratio and CBW for mixed numerology, not all combination of SCS is possible from an implementation perspective.
Observation 4: 
· Given RAN4 feedback, at least for sub 6GHz, UE bandwidth adaptation provides UE power saving benefit. 
· We expect this observation can be hold for above 6GHz as well where the relative bandwidth before and after bandwidth adaptation can be larger.
Observation 5: Based on the agreement in RAN1#88bis, a UE is configured with a frequency range only when it is in connected mode. 
Observation 6: There is a trade off in terms of flexibility and signalling overhead between a) sharing a frequency range across UEs with a common location for monitoring UE-common information and b) dedicated frequency range location for some UEs and replication of UE-common information. 
Observation 7: UE hardware aspects, such as RF BW, and the numerology in a given frequency band are important factors in determining a BW that can be supported for single-carrier operation within a frequency range.
Observation 8: RRM BW is determined by either NR-SSS transmission bandwidth or CSI-RS transmission bandwidth.
Observation 9: RS for RRM inside the configured frequency range or separated from the frequency range with support of UE retuning are viable options for a network to select. 
Observation 10: A UE operating in a wideband fashion can rely on one SS for appropriate measurements for BW sizes of about 400 MHz.  
Observation 11: Besides SS, there seems to be no apparent issue with the design of other RS for Case-3 support.  
Observation 12: The applicability of DFT-S-OFDM waveform in the uplink wideband operations depends on various configurations listed above (e.g., case 3 and 4).
Observation 13: AGC settling RS are beneficial for inter-band BW adaptation. 
Proposals
Proposal 1: Bandwidth adaptation functionality should be taken into account when the signalling details are specified, e.g., the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information. 
Proposal 2: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.
Proposal 3: Provide support for activating SS signals at different locations within a wideband carrier.  
Proposal 4: For given channel raster, channel spacing between CCs should be as follows:
Channel spacing = n  LCM(channel raster, SCS12), 
where n is non-negative integer and SCS is the largest value among multiple subcarrier spacings to be used in a cell.
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Appendix
Based on the RAN1 and RAN4 agreements, below we list the possible set of numerologies that may be used.
Table A: Potential Set of Numerologies for Sub-6GHz
	SCS (kHz)
	CBW (MHz)
	FFT size
	Sampling rate (MHz)
	# of subcarriers (SU: 90%/99%)
	# of samples for long CP
	# of samples for short CP

	15
	5
	512
	7.68
	300/330
	40
	36

	
	10
	1024
	15.36
	600/660
	80
	72

	
	20
	2048
	30.72
	1200/1320
	160
	144

	
	40
	4096
	61.44
	2400/2640
	320
	288

	
	80
	8192
	122.88
	4800/5280
	640
	576

	
	100
	8192
	122.88
	6000/6600
	640
	576

	30
	5
	256
	7.68
	150/165
	22
	18

	
	10
	512
	15.36
	300/330
	44
	36

	
	20
	1024
	30.72
	600/660
	88
	72

	
	40
	2048
	61.44
	1200/1320
	176
	144

	
	80
	4096
	122.88
	2400/2640
	352
	288

	
	100
	4096
	122.88
	3000/3300
	352
	288

	
	200
	8192
	245.76
	6000/6600
	880
	720

	60
	5
	128
	7.68
	75/77.5
	13
	9

	
	10
	256
	15.36
	150/165
	26
	18

	
	20
	512
	30.72
	300/330
	52
	36

	
	40
	1024
	61.44
	600/660
	104
	72

	
	80
	2048
	122.88
	1200/1320
	208
	144

	
	100
	2048
	122.88
	1500/1650
	208
	144

	
	200
	4096
	245.76
	3000/3300
	416
	288


Table B: Potential Set of Numerologies for Above-6GHz
	SCS (kHz)
	CBW (MHz)
	FFT size
	Sampling rate (MHz)
	# of subcarriers (SU: 90%/99%)
	# of samples for long CP
	# of  samples for short CP

	60
	40
	1024
	61.44
	600/660
	104
	72

	
	80
	2048
	122.88
	1200/1320
	208
	144

	
	100
	2048
	122.88
	1500/1650
	208
	144

	
	200
	4096
	245.76
	3000/3300
	416
	288

	
	400
	8192
	491.52
	6000/6600
	832
	576

	120
	40
	512
	61.44
	300/330
	68
	36

	
	80
	1024
	122.88
	600/660
	136
	72

	
	100
	1024
	122.88
	750/775
	136
	72

	
	200
	2048
	245.76
	1500/1650
	272
	144

	
	400
	4096
	491.52
	3000/3300
	340
	288


* Note: the long CP refers to the longer CP needed in the 1st symbol for time alignment with different numerologies (as per RAN1 agreements).
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