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1.	Introduction
In RAN2#105bis, there is an offline discussion on channel bandwidth and initial BWP bandwidth, but the issues were not able to be concluded and therefore an email discussion below was allocated.
[105bis#06][NR/R15] Channel bandwidth and initial BWP bandwidth (Huawei)
	Intended outcome: Report and CR to next meeting
	Deadline:  Thursday 2019-05-02

This document is to summarize this email discussion.
2. Discussion 
In 38.331, it specifies that “if the UE supports the bandwidth of the initial uplink BWP and of the initial downlink BWPs indicated in the locationAndBandwidth fields…”. However, it is unclear how the UE understands whether the bandwidth of the initial BWPs can be supported or not, given that there is no such capability about BWP bandwidth. In other words, the UE has only the capability of channel bandwidth (e.g. bandwidth 50/60/80/100MHz reported in SupportedBandwidth or channelBWs-DL/ channelBWs-UL in UE capabilities).
According to the offline discussion, there are at least the following two understanding:
· Understanding#1: the UE deems itself supporting the bandwidth of the initial uplink/downlink BWPs, if it supports a UL/DL channel bandwidth which is >= the bandwidth of the initial (UL/DL) BWP (according to the mapping in RAN4 tables). 
· Understanding#2: the UE deems itself supporting the bandwidth of the initial uplink/downlink BWPs, if it support a UL/DL channel bandwidth which is same as the bandwidth of the initial (UL/DL) BWP (according to the mapping in RAN4 tables).
Question 1: Which understanding above is yours, or any other understanding?
	Company name
	Answer (1 or 2 or others)
	Comments

	Huawei, HiSilicon
	1
	It is essential for both network and UE sides to have a common understanding on whether the initial BWP bandwidth can be supported or not, so that the network can properly configure the initial BWP bandwidth.
Our understanding is that as long as the configured BWP bandwidth is within the channel bandwidth which is supported by the UE, the BWP bandwidth can be supported by the UE. This is because that the UE in this case would have a proper RF chain to transmit/receive on the configured BWP. This principle should be common for the initial BWP as well as other BWPs.
Understanding #2 would put too much restriction on the configuration of the initial BWP bandwidth, and as a consequence, many bandwidth values defined for BWP cannot be used. This should not be the intention of the design. Further, it is unclear whether this understanding should also be applied to other RRC configured BWPs  or only to the initial BWP.

	Intel
	1 and 2 are the same?
	As long as the UE supports (IoT tested) the particular BW of initial UL and DL BWPs from the SIB, it should camp on the cell. Whether the UE supports higher (or even lower) BW than the initial BWP should not factor in for the camping decision.
Because we do not have CA yet (this is just the PCell – serving cell, the UE is trying to camp on), we have specific IoT bits for each of the BWs NR has defined (for FR1 and FR2), and it’s a question of whether the UE supports that particular BW(s) for the cell it is trying to camp on. 
Once the CA is setup, the dedicated BWP configuration by the NW should ensure that the UE is configured from the UE supported BW set.

	Qualcomm Incorporated
	2
	Agree with Intel (the first paragraph above). The current requirement does not require UE’s support or consideration for any “channel” BWs.

	ZTE
	1
	In our understanding, BWP is a subset of the corresponding channel bandwidth, and there is no restriction in RAN1/RAN4 that the allowed bandwidth (i.e. number of PRBs) of BWP must be the values defined in RAN4 table (e.g. 270PRBs, 216PRBs, 160PRBs…), and this applies to both initial BWP and dedicated BWP.
We think Understanding#1 does not impose UE to support any channel BWs. For UE supports a channel bandwidth which is larger than the configured BWP, the UE is able to decode its own data because of the orthogonal transmission attribution. So from network perspective, network only has to make sure the bandwidth of BWP is within (<=) the supported UE channel bandwidth.
Perhaps a LS can be sent to RAN4 for further clarification.

	OPPO
	1 and 2
	We believe 1 and 2 are the same thing. A UE will camp on that cell as long as the UE supports the BW of the initial BWP indicated in SIB1. The UE will stay in idle anyway. Soon after the UE becomes connected, the network is able to configure the UE with any supported “bandwidth” according to the UE capability. We do not see any confusion.

	Ericsson
	
	We also agree with Intel’s first paragraph. Bandwidth support for cell camping is coupled to supported bandwidths that UE announces in UE capability.
When the UE access the cell it must ensure that it supports the bandwidth of the CORESET#0 (24, 48 or 96 PRBs) to acquire SIB1. It must also support the bandwidth of the initial BWP (indicated in locationAndBandwidth in SIB1) to receive paging, other SIBs. And it must support that bandwidth also to transmit and receive other messages until and including the first RRCReconfiguration. This is what RAN4 meant when they wrote in LS R2-1813541 “For initial system acquisition, all UEs should operate in a bandwidth that contains the initial access information (SSB, RMSI, etc). […] the UE could access the system in such bandwidth (which can be configured anywhere within the gNB channel bandwidth)”. 

	Nokia, Nokia Shanghai Bell
	
	We agree with Ericsson and Intel: The intent with the channel bandwidth was simply to ensure UE can complete initial access using the initial BWP.
When the channel BW signalling was introduced, it was deemed important that UE should be able to only access those cells where it can access the cell using the information received via SIB1. That’s why the channel BW given by network in SIB1 is indicated – it is what network is assuming the UE would use.

	NTT DOCOMO
	
	We also agree with Nokia, Ericsson and Intel. In particular, CORESET #0 and the bandwidth of initial BWP are different and should not be mixed, as Nokia highlighted in their answer to Q2. At least in Rel-15, the bandwidths of 24, 48 and 96 PRBs are mandatory for all UEs. The bandwidth in unit of MHz depends on the subcarrier spacing supported for the frequency band. The UE capability of channel BW currently in BandNR and feature set per CC is defined independently from the bandwidth of CORESET #0.



The second issue is whether/how the cell specific channel bandwidth (especially for UL) broadcast in SIB1 should be considered when the UE decides whether to camp on a cell. This issue was somewhat discussed in a previous email discussion a long time ago, but at that time how to consider this cell specific channel bandwidth was not so clear (e.g. the proposal at the time was like to not camp on a cell if not supporting the channel bandwidth of the cell, but people thought that it maybe overkills). On the other hand, later on, the UE specific carrier bandwidth was introduced in RRC dedicated signalling, such that a UE not supporting the cell-specific channel bandwidth can also be allowed to connect to the cell and the network can configure UE specific channel bandwidth if possible, e.g. if the UE specific channel bandwidth is <= the cell specific channel bandwidth. This may be the reason why people think that the cell specific channel bandwidth is not useful any more.
However, if we don’t consider the cell specific channel bandwidth in SIB1 for cell availability checking at all, there would be an issue like below.
For uplink, if the network broadcasts a channel bandwidth such as 50HMz in SIB1 (for example if the operator only has 50MHz bandwidth for the carrier), but the UE only supports 100MHz (e.g. if the UE only has 100MHz RF filter which has passed IoT test) but does not support or has not passed IoT tests for 50MHz or less. In this case, if the UE is allowed to camp on and connect to the cell, the UE may have to use the 100MHz RF filter or a 50Mhz filter which has not been successfully tested to transmit on the uplink, and this may lead to the out-band emission issue. 
During offline, an understanding was that as long as the UE can ensure meeting the transmission requirements defined by RAN4, the RF that the UE uses can be left to UE implementation. But it should be noted that if the UE has not passed IoT tests, the UE cannot ensure that the transmission requirements can be met, and the IoT bits are indicated to the network in channelBWs-UL.
This issue does not only exist during connection establishment phase, but also happens after connection establishment. In such cases, after the gNB obtained the UE capability, by checking channelBWs-UL, if the gNB finds that the UE doesn’t support or has not passed the IoT test for the channel bandwidth of the cell, and at the same time the gNB cannot configure a supportable UE specific bandwidth to the UE (as the UE doesn’t support this capability), the only thing the gNB can do would be to just release the UE to idle and the further UE behaviours are not specified. 
Question 2: In the above case (the UE only supporting a wider channel bandwidth than the broadcast cell-specific channel bandwidth), should the UE camp on and connect to the cell?
	Company name
	Answer (Yes or No)
	Comments

	Huawei, HiSilicon
	No
	As analyzed above, even if the UE connects to the cell, the network may have to reject this UE later as its transmission may cause emission. 

	Intel
	Question 1 answers this as well?
	As long as the UE supports ‘both’ the DL and UL initial BWP BWs, we should not run into this scenario. If the UE does not support (has not IoT tested) the particular UL BW that NW has broadcasted in SIB1, then the UE shall not camp on this cell (based on discussion in Q1). 
From this perspective, we do not have to discuss the RAN4 topics?

	Qualcomm Incorporated
	
	The current requirement for the UE to check the BW of initial BWP. Not sure if the question is about the possibility to add a new requirement?
In RAN2#103bis, we received an LS from RAN4 indicating as follows (R2-1813541).
For initial system acquisition, all UEs should operate in a bandwidth that contains the initial access information (SSB, RMSI, etc). RAN4 reached some agreements in terms of minimum bandwidth support in RAN4#85 and communicated the agreements to RAN1 in R4-1714392. To support forward compatibility, the UE could access the system in such bandwidth (which can be configured anywhere within the gNB channel bandwidth) and would be further configured with a dedicated channel bandwidth based on its capabilities.
[bookmark: _Hlk7183302]It is our understanding that the “minimum bandwidth support” above represents the channel BWs that all UEs shall support.
The network could configure such channel BW (and the placement of the BW in frequency domain) in SIB1, and the UE can follow the cell-specific channel BW configuration to ensure emission requirements are met.
It may be a good idea to check with RAN4 on their final decision on the “minimum bandwidth support”. Our understanding though is that they have not concluded on that.

	ZTE
	No
	If we understand this question correctly, this is to clarify the relationship between Cell channel bandwidth (named BS channel bandwidth in RAN4 spec) and UE channel bandwidth.
Currently, RAN4 spec TS38.101 has following description in section 5.3.1:
  The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth.
The highlighted part already implies that the BS channel bandwidth must be larger than or equal to UE channel bandwidth. So based on RAN4 spec, when UE only supports UE channel bandwidth which is larger than cell channel bandwidth (broadcast in SIB1), UE is not expected to camp on this cell.  (Network cannot make sure the frequency domain part outside cell channel bandwidth satisfy the orthogonal.)

	OPPO
	
	We are not sure if this is a valid use case that some UE can only support e.g. > 100MHz but not support 50MHz. even though this use case exists, it seems a new UE requirement, as QC mentioned. We do not think any new requirement can be added at this moment for rel-15.

	Ericsson
	-
	RAN4 (in LS R2-1813541) and RAN1 established the understanding that all UEs shall support the three bandwidths of the CORESET#0. In 15 kHz SCS, the 24/48/96 PRBs correspond to ~5/10/20 MHz. In 30 kHz SCS they would correspond to 10/20/40 MHz. Hence, the case “NW uses 50 MHz but UE supports only 100 MHz” cannot happen. Question 2 is obsolete.

	Nokia, Nokia Shanghai Bell
	
	We would first note that CORESET#0 and initial BWP are NOT the same thing: As Ericsson stated, the CORESET#0 is configured by MIB can be 24/48/96 PRBs, but the initial BWP is configured by SIB1 and can have larger BW. That’s why UE needs to check the camping against the SIB1 initial BWP information – if UE cannot support initial BWP, it cannot complete initial access towads the cell.
RAN4 intent on channel BW support was simply to ensure that what UE uses is actually specified in RAN4 specifications, i.e. what UE uses for UL/DL channel BW has proper requirements.
The dedicated channel BW is then introduced as means for network to further refine the channel BW to something that is known according to UE capabilities. However, it is always possible to operate the network without ever signalling that to the UE, provided that the UE operates fully within the initial BWP (which could still e.g. be the entire cell bandwidth).
Finally, our understanding was that, apart from certain exceptions, RAN4 always intended that UE support X MHz channel BW would always also support all Y < X MHz channel bandwidths. However, since channel bandwidths could also be added in future releases, and IODT was not clear for all cases, the capability bits were created to take such cases into account.

	NTT DOCOMO
	
	It is questionable to us why such the case occurs. The RAN4 spec (38.101) defines the bandwidths supported for a given frequency band. There is not such a UE supporting a bandwidth not listed in the RAN4 spec. The way of specifying the channel BW is inherited from LTE for which we haven’t found any problems since LTE was launched in the market. One likely scenario is that a new channel BW is added for the existing frequency band. If it happens, a new frequency band is defined, which is overlapped with the existing frequency band. Then, MFBI is used to accommodate both the legacy and new UEs.



Some further discussion on bandwidths:
	Initial BWP bandwidths: 

	Company name
	Comments

	Ericsson
	The NW may set the bandwidth of the initial BWP to the same bandwidth as the CORESET#0. Then it can be sure that all UEs will also be able to access the cell. 
If the NW decides to configure the initial BWP wider than the CORESET#0, some UEs might not support that. E.g. the NW may set the initial BWP bandwidth of a cell to 100 MHz (@30 kHz). Some UEs may support the BW of the CORESET#0 (e.g. 10/20/40 MHz) but not those 100 Mhz. In this case the UE shall consider the cell as barred. ”The UE considers the cell is accessible only when the UE supports the bandwidth of the initial BWP (locationAndBandwidth in SIB1” (RAN2 agreement at RAN2#104).
Hence, if the NW chooses to configure the BWP#0 wider than CORESET#0 it must be certain that (most) UEs support that bandwidth. 
If NW does not want to take that risk, it may configure BWP#0 = CORESET#0 and then configure additional BWPs with a bandwidth as wide as the UE supports according to its capabilities. 
In our understanding the NW cannot configure the initial BWP narrower than the CORESET#0. Field description of the initialDowninkBWP says “The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain.”. Hence, this case does not need to be considered. 

	Nokia, Nokia Shanghai Bell
	There are two main deployment options for initial BWP:
1) Initial BWP = CORESET#0: Smallest initial BW, but all UEs can camp on the cell.
2) Initial BWP > CORESET#0: Only UEs supporting the initial BWP bandwidth will camp on the cell, but the cell could start with haaving (much) larger BW than hte maximal CORESET#0 size
Which option to use depends on operator and desired deployement strategy.

	NTT DOCOMO
	Agree with Nokia. It is noted that the channel bandwidths defined for a given frequency band are always based on the spectrum allocation for that band. Operators set the bandwidth of initial BWP to their own spectrum, properly.


 
	Cell-Specific Channel Bandwidth: 

	Company name
	Comments

	Ericsson
	Note that so far in RAN2 specs, UE has not made any use of the channel bandwidth that is also provided in SIB1. Since RAN2 did not see any need for it back then, we captured the agreement at RAN2#104“The UE shall not consider the parameters of subcarrier spacing and channel bandwidth as signalled in scs-SpecificCarrierList in SIB1 for determining if the cell is accessible”. We expect that NWs will set it to the bandwidth that the gNB operates on. This will usually be equal to the bandwidth of the initial BWP configured by SIB1. It should not be wider since that would waste resources. But it also cannot be wider since the UE might not support that. 
In any case, the use of the Cell-Specific Bandwidth configuration field in SIB1 is unclear.

	Nokia, Nokia Shanghai Bell
	The dedicated channel bandwidth was introduced to ensure forward-compatibility while ensuring network need not always signal it. That’s why tyjhe current specification clearly states that UEs not having the dedicated signalling default to using the SIB1 channel BW. 
In practice this means that networks can only use the RAN4-defined channel bandwidth values in the SIB1 signalling, as otherwise UEs might not be able to camp on the cell. In case Cell Bandwidth == Initial BWP bandwidth, there is also never any need to signal the dedicated channel bandwidth to the UE.

	NTT DOCOMO
	As said by Ericsson, most likely operators set the cell specific bandwidth, in accordance with their spectrum holing. The dedicated channel bandwidth is to be used for future scenarios, as Nokia said, e.g. bandwidth reduced UE, like LTE eMTC, NB-IoT.



	UE-Specific Channel bandwidth: 

	Company name
	Comments

	Ericsson
	RAN2 introduced this (downlinkChannelBW-PerSCS-List and downlinkChannelBW-PerSCS-List in ServingCellConfig) based on the LS from RAN4. But so far, its usage is unclear in RAN2 spec.
The only case we could think of is that we might later introduce even wider channel bandwidths than what we specified so far (e.g. 200 MHz for SCS 30). The gNB would keep its initial BWP to a legacy BW so that also legacy UEs can access. And it would have to set the common channel BW to a legacy value, too. Then the gNB could tell UEs that support 200 MHz via the UE specific channel BW that its entire operating BW is indeed 200 MHz. On the other hand, the UEs would anyway be able to deduce this from the bandwidth of the dedicated BWP. 
Furthermore, the currently defined field for the UE specific bandwidth can indicate only the legacy channel bandwidths… and would hence need to be replaced/amended by a new field once we introduce even wider channel bandwidths.
So also the use of the UE-Specific Channel bandwidth configuration field seems unclear.

	Nokia, Nokia Shanghai Bell
	Our understanding was that the dedicated channel bandwidth could be used in cases when the UE uses BWPs other than the initial BWP, and network desires to use different tx/rx requirements for that UE. For example, the cell could be operating under 400 MHz but the initial BWP was always set to 50 MHz, in which case the UE would need to be provided with dedicated channel BW when using 400 MHz (dedicated) BWP.

	NTT DOCOMO
	We understand the use of the dedicated channel BW as Nokia stated. This is needed, especially to meet the regulatory requirement on out of band emission. If the UE supports wider bandwidth, why not configuring CA?




	UE Capabilities:

	Company name
	Comments

	Ericsson
	In the UE capabilities the UE only advertises its supported channel bandwidths. The UE shall support any BWP bandwidth that is narrower than or equal to the channel bandwidth that it advertises.  (i.e., “Understanding 1” on Q1).

	Nokia, Nokia Shanghai Bell
	Agree with Ericsson: RAN4 discussion had concluded that UE supporting channel BW = X Mhz must also always support any channel BW = Y < X MHz, except for Y = 90 MHz (which also has a separate capability).

	NTT DOCOMO
	Agree with Nokia and Ericsson.



3. Conclusion 
According to the discussion, the following statement from Intel has received majority supports from companies.
As long as the UE supports (IoT tested) the particular BW of initial UL and DL BWPs from the SIB, it should camp on the cell. Whether the UE supports higher (or even lower) BW than the initial BWP should not factor in for the camping decision.
Following that, the comment below from Ericsson seems also agreeable to companies.
Bandwidth support for cell camping is coupled to supported bandwidths that UE announces in UE capability.
First, in these two comments, “the supported bandwidth that the UE announces” and the bandwidth “the UE supports (IoT tested)” should be the same and it should be the channel bandwidth. In other words, according to these two agreeable comments, the sentence for camping decision specified in TS38.331, i.e. “if the UE supports the bandwidth of the initial uplink BWP and of the initial downlink BWPs indicated in the locationAndBandwidth fields…”, is actually intended to check if the UE supports the channel bandwidth which is broadcast in SIB1 in the form of the BW of the initial BWP.
Then we can try the following proposal.
Proposal 1: Clarify the sentence “if the UE supports the bandwidth of the initial uplink BWP and of the initial downlink BWPs indicated in the locationAndBandwidth fields…” is to check if the UE supports the channel bandwidth translated from the BW of the initial BWP according to TS 38.101 and TS 38.213.
If agreed, this clarification can be captured in TS 38.311, e.g. in the form of a note.
From another point of view, Proposal 1 actually requires the network to configure the bandwidth of the initial BWPs to the PRB numbers of channel bandwidths defined in table 5.3.2-1 in TS 38.101 or PRBs number of CORESET#0 defined in TS 38.213.
Proposal 2: RAN2 understanding is that the bandwidth of the initial BWPs broadcast in SIB1 is configured to the PRB numbers of channel bandwidths defined in TS 38.101 or the PRB numbers of CORESET#0 defined in TS 38.213.
It should also be clarified that this restriction to BWP configuration is only for the initial BWP. For other dedicated BWPs, the network can configure the BW to any allowed value less than the UE supported channel bandwidth, i.e. Understanding #1.
Another concept to make the system working is “minimum bandwidth support” which represents the channel BWs that all UEs shall support, as mentioned by Qualcomm. Ericsson/Nokia have the similar understanding and believe that the UE shall support the bandwidth of CORESET#0 (without capability bits), and this understanding was supported by most of others.  Currently this requirement is not clear in specifications, especially for the uplink. So it is beneficial to clarify.
Proposal 3: Clarify that the UE shall support the “bandwidth” (e.g. 5 MHz, 10 MHz, or 20MHz) corresponding to CORESET#0 as defined in TS 38.213 (without capability bits), for both downlink and uplink. RAN2 further discuss how to capture this capability.
If Proposal 3 is agreeable, it can be clarified in TS 38.306 and how to clarify this can be further discussed offline during the meeting. With Proposal 3, the second issue can be addressed as well, as both the network and the UE can at least support the minimum bandwidth.
4. Proposals 
Proposal 1: Clarify the sentence “if the UE supports the bandwidth of the initial uplink BWP and of the initial downlink BWPs indicated in the locationAndBandwidth fields…” is to check if the UE supports the channel bandwidth translated from the BW of the initial BWP according to TS 38.101 and TS 38.213.
Proposal 2: RAN2 understanding is that the bandwidth of the initial BWPs broadcast in SIB1 is configured to the PRB numbers of channel bandwidths defined in TS 38.101 or the PRB numbers of CORESET#0 defined in TS 38.213.
Proposal 3: Clarify that the UE shall support the “bandwidth” (e.g. 5 MHz, 10 MHz, or 20MHz)corresponding to CORESET#0 as defined in TS 38.213 (without capability bits), for both downlink and uplink. RAN2 further discuss how to capture this capability.


Annex
<TS 38.101-1>
[bookmark: _Toc535317110]5.3	UE channel bandwidth
[bookmark: _Toc535317111]5.3.1	General
The UE channel bandwidth supports a single NR RF carrier in the uplink or downlink at the UE. From a BS perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. Transmission of multiple carriers to the same UE (CA) or multiple carriers to different UEs within the BS channel bandwidth can be supported. 
From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.
The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth. 
The relationship between the channel bandwidth, the guardband and the maximum transmission bandwidth configuration is shown in Figure 5.3.1-1.
[image: ]
Figure 5.3.1-1: Definition of the channel bandwidth and the maximum transmission bandwidth configuration for one NR channel
[bookmark: _Toc535317112]5.3.2	Maximum transmission bandwidth configuration
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
	90 MHz
	100 MHz

	
	NRB
	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
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135


[bookmark: _Toc535317115]5.3.5	UE channel bandwidth per operating band
The requirements in this specification apply to the combination of channel bandwidths, SCS and operating bands shown in Table 5.3.5-1. The transmission bandwidth configuration in Table 5.3.2-1 shall be supported for each of the specified channel bandwidths. The channel bandwidths are specified for both the TX and RX path.

Table 5.3.5-1 Channel bandwidths for each NR band
	
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	101,2 MHz
	152 MHz
	202 MHz
	252 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n2
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	n5
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n7
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n12
	15
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n25
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n34
	15
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n38
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n39
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n40
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	

	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n50
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes3
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes3
	
	

	n51
	15
	Yes
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	

	n70
	15
	Yes
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	
	

	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n74
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n75
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n76
	15
	Yes
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n77
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n78
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes

	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes

	n80
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	n81
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n82
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n83
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n84
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n86
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	

	NOTE 1:	90% spectrum utilization may not be achieved for 30kHz SCS.
NOTE 2:	90% spectrum utilization may not be achieved for 60kHz SCS.
NOTE 3:	This UE channel bandwidth is applicable only to downlink. 






<TS 38.213, clause 13>
Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



Table 13-2: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	24
	2
	5

	1
	1
	24
	2
	6

	2
	1
	24
	2
	7

	3
	1
	24
	2
	8

	4
	1
	24
	3
	5

	5
	1
	24
	3
	6

	6
	1
	24
	3
	7

	7
	1
	24
	3
	8

	8
	1
	48
	1
	18

	9
	1
	48
	1
	20

	10
	1
	48
	2
	18

	11
	1
	48
	2
	20

	12
	1
	48
	3
	18

	13
	1
	48
	3
	20

	14
	Reserved

	15
	Reserved



Table 13-3: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	2

	1
	1
	48
	1
	6

	2
	1
	48
	2
	2

	3
	1
	48
	2
	6

	4
	1
	48
	3
	2

	5
	1
	48
	3
	6

	6
	1
	96
	1
	28

	7
	1
	96
	2
	28

	8
	1
	96
	3
	28

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16



Table 13-5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel bandwidth 40MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	4

	1
	1
	48
	2
	4

	2
	1
	48
	3
	4

	3
	1
	96
	1
	0

	4
	1
	96
	1
	56

	5
	1
	96
	2
	0

	6
	1
	96
	2
	56

	7
	1
	96
	3
	0

	8
	1
	96
	3
	56

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 40MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	24
	2
	0

	1
	1
	24
	2
	4

	2
	1
	24
	3
	0

	3
	1
	24
	3
	4

	4
	1
	48
	1
	0

	5
	1
	48
	1
	28

	6
	1
	48
	2
	0

	7
	1
	48
	2
	28

	8
	1
	48
	3
	0

	9
	1
	48
	3
	28

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-7: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 60} kHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	48
	1
	0

	1
	1 
	48
	1
	8

	2
	1 
	48
	2
	0

	3
	1 
	48
	2
	8

	4
	1 
	48
	3
	0

	5
	1 
	48
	3
	8

	6
	1 
	96
	1
	28

	7
	1 
	96
	2
	28

	8
	2
	48
	1
	
-41 if  

-42 if  

	9
	2 
	48
	1
	49 

	10
	2 
	96 
	1
	
-41 if 

-42 if 

	11
	2 
	96 
	1 
	97 

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-8: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	3 
	24
	2
	
-20 if  

-21 if 

	5
	3 
	24
	2
	24

	6
	3 
	48
	2
	
-20 if  

-21 if 

	7
	3 
	48
	2
	48

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {240, 60} kHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	96
	1
	0

	1
	1
	96
	1
	16

	2
	1
	96
	2
	0

	3
	1
	96
	2
	16

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-10: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	0

	1
	1
	48
	1
	8

	2
	1
	48
	2
	0

	3
	1
	48
	2
	8

	4
	2
	24 
	1
	
-41 if  

-42 if 

	5
	2
	24 
	1
	25 

	6
	2
	48
	1
	-41 if [image: ] 
-42 if [image: ]

	7
	2
	48
	1
	49

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved
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