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1 Introduction

In previous meetings, the following agreements on co-existence of different UE types in the wideband carrier were reached.
Agreement: [1]
· 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
Agreement: [2]
· In configuration of a BWP,

· A UE is configured with BWP in terms of PRBs. 

· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.

· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.

· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

Agreement: [2]
· Common PRB indexing is supported

· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· The indexing is with respect to the reference point

· The indexing is with respect to a given numerology

· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc.

· UE-specific PRB indexing is supported

· It is indexed per BWP with respect to the configured SCS for the BWP

· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH

In this contribution, we discuss some remaining issues on the coexistence of different types of UEs in a wideband CC. In particular, use cases of common PRB indexing are discussed together with several options of defining the reference point and nominal bandwidth for common PRB indexing.
2 Use cases of common PRB indexing

In the following, we highlight some possible use cases of the common PRB indexing.

2.1 RMSI CORESET configuration
In RAN1#89, it was agreed CORESET(s) information for RMSI (e.g., time/frequency resource configuration) is indicated in NR-MIB. To indicate the frequency location, a common PRB indexing could be used to indicate the starting position and bandwidth of the CORESET(s).
2.2 PDSCH scheduling during initial access
Since group common PDSCH (e.g. RMSI, OSI and RAR) is broadcasted to multiple UEs (e.g. NB and WB UEs), a common PRB indexing should be used in DCI to determine the frequency location of the group common PDSCH.
Additionally, in RAN1#88bis, it was agreed that BWP configuration is for RRC connected mode UE. In RAN1 NR#2, it was agreed that UE-specific PRB indexing is indexed per BWP. Consequently, before RRC connection establishment, a common PRB indexing can be used for UE-specific signaling, e.g. Msg.3 and Msg.4.

2.3 Group common RS sequence generation and mapping
For RS of the CORESET for RMSI and PDSCH carrying RMSI, common PRB indexing should be used for RS sequence generation and resource mapping, so as to make the same understanding for the UE group. 
2.4 UE-specific RS sequence generation and mapping
In RAN1-NR#2, it was agreed that NR supports MU-MIMO between UEs in different (but overlapping) BWPs. In a given time-frequency resource, if the sequence is not the same for different UEs, the orthogonality may be degraded and RS with OCC could not be utilized. As a result, a common PRB indexing should be used for RS sequence generation and truncation (i.e. RS mapping to REs) for all different types of UEs (NB, CA, or WB UEs) within the wideband CC.
2.5 Bandwidth part configuration

As agreed in RAN1-NR#2, the offset between BWP and a reference point is implicitly or explicitly indicated to UE. One alternative is to indicate a relative channel number based on the offset between a reference point and the center/boundary frequency of the given BWP. The frequency offset can be determined in terms of channel raster steps, SS raster steps, PRBs or a combination thereof [3]. 
As another alternative, since the common PRB indexing is also with respect to a reference point, the same reference point can be used for both purposes. Therefore, the common PRB indexing can be used for indication of the location of a BWP as part of its configuration. To indicate the frequency location of a BWP, the starting PRB index and the number of PRBs could be used, e.g. RIV indication.

Proposal 1: Frequency location of a bandwidth part is indicated by the following options

· The offset between the reference point and the boundary/center of the BWP

· The index of the first PRB of the BWP according to the common PRB indexing
3 Relation between reference point and common PRB indexing

Assuming PRB is indexed within a resource grid with the bandwidth of N PRBs, as illustrated in Figure 1 REF _Ref489626441 \h 
, the reference point for frequency location indexing can be defined by using a predefined rule, e.g., the reference point is the 1st subcarrier of PRB0. The relation between reference point and common PRB indexing could be:

· Alt-1: Reference point is aligned with the lowest subcarrier of the resource grid, and PRB indexing is in increasing order of frequency.

· Alt-2: Reference point is aligned with the center of the resource grid, and PRB indexing is in increasing order of frequency from the reference point to the highest frequency of the resource grid, then from the lowest frequency of the resource grid to the reference point. 
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Figure 1 Relation between reference point and common PRB indexing

Proposal 2: Common PRB indexing is started from the reference point.

4 Types of common PRB indexing

Considering the limited capacity carried by NR-PBCH, it is better to have RMSI or RRC indicate the reference point. Therefore, for scheduling RMSI, center/boundary of the SS block could be taken as the reference point without additional signaling. When multiple SS blocks exist in a wideband CC, there will be multiple reference points for different UEs. However, at least for supporting MU-MIMO between UEs in different (but overlapping) BWPs, a single reference point for all UEs should be guaranteed so as to avoid misunderstanding. 
Additionally, due to flexible bandwidth at both NW and UE sides, there is no need for UEs to know carrier bandwidth. Consequently, different bandwidth for common PRB indexing could be considered for different use cases. For RMSI CORESET configuration and group common PDSCH (e.g. RMSI) scheduling, smaller bandwidth, e.g., the minimum UE bandwidth could be considered to reduce the bit overhead of resource allocation field. For BWP configuration and RS generation, larger bandwidth, e.g., the maximum NR carrier bandwidth could be used.
Based on the above discussions, at least two types of common PRB indexing related to different reference points and bandwidth should be considered as listed in the following table.
Table 1 Types of common PRB indexing

	Common PRB indexing
	Reference point
	Bandwidth
	Use cases

	Type I
	Center/boundary of SS block
	Minimum UE BW
	RMSI CORESET configuration 

	
	
	
	Group common PDSCH scheduling 

	
	
	
	Common RS generation and mapping

	Type II
	Indicated by RMSI or RRC
	Maximum carrier BW
	UE-specific RS generation and mapping

	
	
	
	BWP configuration


Proposal 3: Two types of common PRB indexing should be supported:

· Type I common PRB indexing with respect to the center/boundary of a SS block and the minimum UE bandwidth,

· Type II common PRB indexing with respect to a reference point indicated by RMSI/RRC and the maximum NR carrier bandwidth.
4.1 Type I common PRB indexing

At least before receiving RMSI, center/boundary of the SS block through which the UE accesses the NW is taken as the reference point, and the corresponding common PRB indexing is used for RMSI CORESET configuration, common RS generation, and RMSI scheduling.
It was agreed in [1] that the maximum bandwidth for NR-PDSCH carrying RMSI should be equal to or smaller than a certain DL bandwidth of NR that all UEs can support in each frequency. Moreover, note that the common DCI for RMSI scheduling is likely a compact one. Consequently, the common PRB should be indexed within such certain DL bandwidth as shown in Figure 2.
The bandwidth of the RMSI resource allocation region (i.e., the certain bandwidth for common PRB indexing) can be indicated by NR-MIB or predefined, e.g. the minimum UE bandwidth. To avoid RF retuning, CORESET for RMSI and NR-PDSCH carrying RMSI should be confined within the certain DL bandwidth [4]. Therefore, the frequency location of the RMSI RA region can be derived from the CORESET for RMSI, e.g., the center frequency of the RMSI RA region and CORESET for RMSI is aligned.
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Figure 2 Type I common PRB indexing
4.2 Type II common PRB indexing

Upon receiving indication of a reference point, Type II common PRB indexing is used with respect to the reference point. The location of the reference point is signaled through RMSI or RRC. For supporting MU-MIMO, it is gNB’s responsibility that the same reference point is indicated to all UEs so as to avoid misunderstanding of PRB indexing.
The location of Type II reference point can be represented by a frequency offset with respect to the frequency location of the SS block through which the UE accesses the NW. The following options for indication of the offset could be considered:

· The offset is represented in terms of PRBs with the SS block numerology. As illustrated in Figure 3 REF _Ref489862512 \h 
, it is gNB’s responsibility that the offset values transmitted with different SS blocks are such that they all point to the same reference point.
[image: image3.emf]frequency

WCC

0



1

Δ

2

Δ

Reference point

NCC

SS blocks within WCC


Figure 3 Location of reference point as an offset with respect to the location of SS block
· The offset is represented in terms of channel raster or SS raster steps. If there are multiple SS blocks in a wideband CC, one of them is defined as reference SS block, e.g., SS block #1 in Figure 4 REF _Ref489862698 \h 
. But UE may not know the location of the reference SS block, since it may have accessed the system through a different SS block. To inform the UE the location of the reference SS block, one possible approach is that the relative frequency distances of the SS blocks is signaled through RMSI of each SS block together with the frequency index of the corresponding SS block. 
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Figure 4 Relative frequency distances of SS blocks and the frequency index of each SS block
For other scenarios without requirement of reducing indication overhead, e.g. BWP configuration, RS sequence generation, larger number of PRBs, e.g., the maximum NR carrier BW, could be considered. Since UE may be not aware of the relative location of the reference point in the wideband CC, the common PRB indexing may be done within double of the maximum NR carrier BW, e.g., 550 PRBs (6600 subcarriers) as shown in Figure 5.
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Figure 5 Type II common PRB indexing
In RAN4, the SCS and maximum channel bandwidth for different frequency ranges have been agreed as following:

· Sub 6 GHz: SCS could be 15/30/60 kHz and the maximum channel bandwidth is 100 MHz.

· Above 6 GHz: SCS could be 60/120 kHz and the maximum channel bandwidth is 400 MHz.

Therefore, for different numerologies the numbers of PRBs in the maximum NR carrier bandwidth are different, e.g. 550 PRBs for 15 kHz SCS, 275 PRBs for 30 kHz SCS, and 137 PRBs for 60 kHz SCS. Although the number of PRBs for 15 kHz SCS exceeds the maximum value that could be used, gNB could assign a BWP with the number of PRBs smaller than 275 to a UE. In frequency band above 6 GHz, the numbers of PRBs in the maximum NR carrier bandwidth are respectively 550 PRBs for 60 kHz and 275 PRBs for 120 kHz. Same analysis could be used for Type I common PRB indexing. Accordingly, both Type I and Type II common PRB indexing should also be numerology specific, i.e., with the maximum PRB index determined by the corresponding SCS.
Proposal 4: The largest Type I and Type II common PRB index is numerology specific.
For mixed numerology case, the same reference point should be used by different numerologies. 
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Figure 6 Same reference point for different numerologies
Based on Proposal 1 and the nested PRB structure for mixed numerologies, boundary of the bandwidth (reference point candidate#1 in Figure 6) is preferred to be taken as a reference point. The offset between reference point and SS block could be indicated in number of PRBs of the same numerology as SS block.
Proposal 5: The same reference point is used for different numerologies. The offset between reference point and SS block is indicated in number of PRBs of the same numerology as SS block.
5 Conclusion
In this contribution, we discussed some of the remaining issues on the coexistence of different types of UEs in a wideband CC. A summary of common PRB indexing for different use cases is given in Table 1, and the following proposals are given:
Table 1 Types of common PRB indexing

	Common PRB indexing
	Reference point
	Bandwidth
	Use cases

	Type I
	Center/boundary of SS block
	Minimum UE BW
	RMSI CORESET configuration 

	
	
	
	Group common PDSCH scheduling 

	
	
	
	Common RS generation and mapping

	Type II
	Indicated by RMSI or RRC
	Maximum carrier BW
	UE-specific RS generation and mapping

	
	
	
	BWP configuration


Proposal 1: Frequency location of a bandwidth part is indicated by the following options

· The offset between the reference point and the boundary/center of the BWP

· The index of the first PRB of the BWP according to the common PRB indexing
Proposal 2: Common PRB indexing is started from the reference point.

Proposal 3: Two types of common PRB indexing should be supported:

· Type I common PRB indexing with respect to the center/boundary of a SS block and the minimum UE bandwidth,

· Type II common PRB indexing with respect to a reference point indicated by RMSI/RRC and the maximum NR carrier bandwidth.
Proposal 4: The largest Type I and Type II common PRB index is numerology specific.
Proposal 5: The same reference point is used for different numerologies. The offset between reference point and SS block is indicated in number of PRBs of the same numerology as SS block.
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