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Introduction
In the last few meetings, RAN1 has been discussing scenarios where the network channel bandwidth (i.e. gNB’s system bandwidth) can be broken down into a number of smaller component carriers, and reached the following agreements:
Agreement at RAN1#88bis:
· Support the following: 
· 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 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands
Agreement at RAN1#88bis:
· For single-carrier operation
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE
· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD
· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation
Working assumption at RAN1#88bis:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM
Agreements at RAN1#89:
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements at RAN1#89:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing
Agreements at RAN1#89:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration
Agreements at RAN1#89:
· The maximum bandwidth for CORESET for RMSI scheduling and NR-PDSCH carrying RMSI should be equal to or smaller than a certain DL bandwidth of NR that all UE can support in each frequency range
· At least, for one RACH preamble format ,the bandwidth should be equal to or smaller than a certain UL bandwidth of NR that all UE can support in each frequency range
· This implies there could be other RACH preamble format with larger bandwidth than a certain bandwidth of NR that all UE can support 
Agreements at RAN1#89:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH
· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH

In this contribution, we provide more details on the remaining issues of supporting wider network channel bandwidth (i.e. gNB’s system bandwidth) such as how to determine the PRB and RBG indexing, and how to determine the transmission bandwidth.

PRB indexing for NR
As discussed in RAN1, NR supports scenarios where the network channel bandwidth (i.e. gNB’s system bandwidth) can comprise a number of smaller component carriers. For example as shown on Figure 1, UE1 can receive or transmit the whole network channel bandwidth since it is capable of handling a wider RF bandwidth while UE2 and UE3 can only support a part of the channel bandwidth due to their limited RF bandwidth. In addition, some UEs will be able to aggregate multiple component carriers (intra-band contiguous CCs with CA), for example aggregating CC1 and CC2 shown on Figure 1.
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Figure 1. NR scenario of supporting smaller component carriers.

In the above scenario, the main specification impact is how to handle the resource block group (RBG) index determination, reference signal (RS) generation and channel state information (CSI) derivation.
In RAN1#89, it was agreed that same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier, and for further study for PRB indexing.

PRB indexing during acquisition of NR-PBCH and RMSI: 
In LTE, when UE decodes PBCH, then UE can work out the PRB and RBG indexing straight away because the PBCH and synchronisation signals (SS) are always locating at the centre frequency (i.e. central 6RBs) of the system bandwidth. However, for NR the SS block that contains NR-PBCH may not be at the centre frequency of the network channel bandwidth. Therefore, a mechanism to provide a precise location of the detected SS block within the network channel bandwidth is needed in order UE to be able to determine the resource block (RB) indexing, generate reference signal (RS) and derive the channel state information (CSI).
During the acquisition of NR-PBCH, there is a relative time between the NR-PBCH and the position of the synchronisation signals (SS), therefore the location of the NR-PBCH can be easily determined. In addition, the number of PRBs carrying the NR-PBCH are fixed, so, there is no need for PRB indexing as there is no resource allocation signalling involved at this stage.  
During the acquisition of RMSI (remaining minimum SI), the number of PRBs that can be scheduled to RMSI can be variable, therefore, a special scheme is necessary for RMSI scheduling assignments, for example PRB indexing would be needed for handling the resource allocation of the RMSI scheduling. There are two possible options:
Option 1: The bandwidth of RMSI is confined within the BW of NR-PBCH
If the size of the RMSI is small, the bandwidth of RMSI for both control and data can be confined within the BW of the detected NR-PBCH, therefore, the PRBs could be indexed in the order of increasing frequency-domain (i.e. from the lowest frequency of the NR-PBCH BW). However, as UE may not know the network channel bandwidth yet, it is not possible to derive the global PRB and RBG indexing. One way to handle is to make the granularity of the resource allocation scheme to be always 1 PRB for RMSI scheduling as this does not have impact if other active UEs in the cell are scheduled based on RBG granularity.
Option 2: The bandwidth of RMSI can be larger than the BW of NR-PBCH
If bandwidth of the RMSI is larger than the bandwidth of the PBCH, the PRBs could be indexed in the order of increasing frequency-domain starting from the lowest frequency of the PBCH BW and continuing upward. This is because the lowest PRB of the PBCH BW is the reference point to determine the scheduling of the RMSI and if resources more than PBCH BW are needed the resource allocation span can be increased further upward as shown on Figure 2a. In the same way, while the lowest PRB of the PBCH BW is the reference point, the lowest and highest PRBs can be equally extended in symmetric manner for increasing the resource allocation span for RMSI scheduling as shown on Figure 2b below. However, in order to start PRB indexing from the lowest frequency of the expanded RMSI bandwidth, the amount that is increased (i.e. an offset) can be signaled in the NR PBCH.
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Figure 2a. Increasing RMSI bandwidth upward from NR PBCH.
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Figure 2b. Increasing RMSI bandwidth symmetrically from NR PBCH.

In option 1 and Option 2, we assumed that the PBCH and RMSI are using same numerologies (i.e. same subcarrier spacing (SCS) and CP length), however in case that there is different numerologies, these numerologies should be aligned from the centre of the PBCH BW so that the amount of PRBs used for RMSI on both sides are equal before expanding RMSI bandwidth, meaning that the PRB boundary for different numerologies is always aligned from the centre of the PBCH BW. As agreed in RAN1, alignment here means that if the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, then subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0 [4].

Proposal 1: If the BW of the RMSI is confined within the BW of the decoded NR-PBCH 
· The PRB indexing for RMSI should be started from the lowest frequency of the NR-PBCH BW
· The granularity of the resource allocation scheme should be always 1 PRB for RMSI scheduling.
Proposal 2: If the BW of the RMSI is increased from the BW of the decoded NR-PBCH, the amount that is increased (i.e. an offset) in terms of PRBs should be signaled in the NR PBCH, and 
· The PRB indexing for RMSI should be started from the lowest frequency of the RMSI BW
· The granularity of the resource allocation scheme should be always 1 PRB for RMSI scheduling.

PRB indexing after UE decoded the RMSI: After UE has decoded the RMSI, the UE knows the location of the decoded NR-PBCH within the network channel bandwidth as well as the size of the network channel bandwidth explicitly.
One way to inform UE about the location of the decoded NR-PBCH (or detected SS block ) within the network channel bandwidth via RMSI is to signal the starting PRB index (i.e. an offset) of the decoded NR-PBCH  based on PRB indexing of the wider channel bandwidth as shown on Figure 3. Hence UE can take this information as a reference point for determining a global PRB indexing within the network channel bandwidth.
[image: ] 
Figure 3. The decoded NR PBBCH within the network channel bandwidth.

When UE knows the global PRB indexing based on reference point, it can also work out the number of RBGs within the network channel bandwidth. For example the RBGs could be indexed in the order of increasing frequency-domain (i.e. from the lowest frequency) for a given subcarrier spacing as shown on Figure 4.
[image: ]
Figure 4. Global RBG indexing within the network channel bandwidth.

Proposal 3: The UE should be signalled about the location of the decoded NR-PBCH BW within the network channel bandwidth via RMSI, and
· Then UE should determine the global PRB and RBG indexing for each SCS starting from the lowest frequency of the network channel bandwidth.


Transmission Bandwidth for NR
In NR, it is not yet decided how PRB grid is assigned within a given channel bandwidth, namely its bandwidth transmission and position. We assume that the transmission bandwidth (or PRB grid) is placed in the centre of a given channel bandwidth to minimize ACLR, which would be decided by RAN4. We also assume that the transmission bandwidth of a given channel bandwidth or the PRB grid of the whole bandwidth for a given numerology is signalled explicitly (as discussed earlier sections) in terms of number of PRBs via RMSI.
In Table 1, it is summarised that the maximum transmission bandwidth in terms of number of PRBs assuming up to 99 % of channel bandwidth can be assigned to transmission bandwidth and corresponding value of Y [%], which is ratio of transmission bandwidth to channel bandwidth.
In Table 2, it is summarised that the case where transmission bandwidth is confined to even number of PRBs. If PRBs are assigned from the centre of the channel bandwidth, the number of PRBs would always take even value only.
Table 1: maximum number of PRBs per channel BW allowing either odd or even number of PRBs
	SCS
	PRB BW
	10 MHz
	20 MHz
	50 MHz
	100 MHz
	400 MHz

	15 kHz
	180 kHz
	55 (99.0%)
	110 (99.0%)
	275 (99.00%)
	*1
	-

	30 kHz
	360 kHz
	27 (97.2%)
	55 (99.0%)
	137 (98.64%)
	275 (99.00%)
	-

	60 kHz
	720 kHz
	13 (93.6%)
	27 (97.2%)
	68 (97.92%)
	137 (98.64%)
	*1

	120 kHz
	1440 kHz
	-
	-
	34 (97.92%)
	68 (97.92%)
	275 (99.00%)

	240 kHz
	2880 kHz
	-
	-
	17 (97.92%)
	34 (97.92%)
	137 (98.64%)

	480 kHz
	5760 kHz
	-
	-
	8 (92.16%)
	17 (97.92%)
	68 (97.92%)


*1: max. 6600 subcarriers required

Table 2: maximum number of PRBs per channel BW where the number of PRBs is confined to even number
	SCS
	PRB BW
	10 MHz
	20 MHz
	50 MHz
	100 MHz
	400 MHz

	15 kHz
	180 kHz
	54 (97.2%)
	110 (99.0%)
	274 (98.64%)
	*2
	-

	30 kHz
	360 kHz
	26 (93.6%)
	54 (97.2%)
	136 (97.92%)
	274 (98.64%)
	-

	60 kHz
	720 kHz
	12 (86.4%)
	26 (93.6%)
	68 (97.92%)
	136 (97.92%)
	*2

	120 kHz
	1440 kHz
	-
	-
	34 (97.92%)
	68 (97.92%)
	274 (98.64%)

	240 kHz
	2880 kHz
	-
	-
	16 (92.16%)
	34 (97.92%)
	136 (97.92%)

	480 kHz
	5760 kHz
	-
	-
	8 (92.16%)
	16 (92.16%)
	68 (97.92%)


*2: max. 6600 subcarriers required
Comparing Table 1 and 2, some entries in Table 2 show lower value than in Table 1 because the number of PRBs is rounded down by one PRB if the number of available PRBs is odd within channel bandwidth up to Y=99%.
Observation 1: Available PRBs within a channel bandwidth is lower by one PRB for some cases in the case transmission bandwidth is confined to even number of PRBs compared to the case where  transmission bandwidth can take either even or odd number of PRBs.
The difference is only one PRB but the difference on spectral efficiency is not negligible for narrower channel bandwidth such as 10 MHz with higher subcarrier spacing. Therefore we would like to propose:

Proposal 4: Transmission bandwidth can be either even or odd number of PRBs in order to utilise the most of the channel bandwidth for better spectral efficiency.


Conclusion
In this contribution, we have provided more details on some of the remaining issues of supporting wider network channel bandwidth (i.e. gNB’s system bandwidth) such as how to determine the PRB and RBG indexing, and how to determine the transmission bandwidth. We have the following proposals:
Proposal 1: If the BW of the RMSI is confined within the BW of the decoded NR-PBCH 
· The PRB indexing for RMSI should be started from the lowest frequency of the NR-PBCH BW
· The granularity of the resource allocation scheme should be always 1 PRB for RMSI scheduling.
Proposal 2: If the BW of the RMSI is increased from the BW of the decoded NR-PBCH, the amount that is increased (i.e. an offset) in terms of PRBs should be signaled in the NR PBCH, and 
· The PRB indexing for RMSI should be started from the lowest frequency of the RMSI BW
· The granularity of the resource allocation scheme should be always 1 PRB for RMSI scheduling.
Proposal 3: The UE should be signalled about the location of the decoded NR-PBCH BW within the network channel bandwidth via RMSI, and
· [bookmark: _GoBack]Then UE should determine the global PRB and RBG indexing for each SCS starting from the lowest frequency of the network channel bandwidth.

Observation 1: Available PRBs within a channel bandwidth is lower by one PRB for some cases in the case transmission bandwidth is confined to even number of PRBs compared to the case where  transmission bandwidth can take either even or odd number of PRBs.
Proposal 4: Transmission bandwidth can be either even or odd number of PRBs in order to utilise the most of the channel bandwidth for better spectral efficiency.
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