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Introduction
A replied LS from RAN1 for PRB gird was send to RAN4 as below:
	The following was agreed in RAN1 for common PRB indexing and PRB grid:
· A UE is RRC signaled with the following for common PRB indexing
· Offset between a reference location and the lowest subcarrier of the reference PRB [point A] (i.e. PRB0 in previous agreements)
· For DL in Pcell, the reference location is the lowest subcarrier of the lowest PRB of the cell-defining SSB after floating SSB is resolved
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI, which is based on ARFCN after floating ARFCN is resolved
· For Scell, the reference location is the frequency location indicated in the SCell configuration, which is based on ARFCN after floating ARFCN is resolved
· For SUL, the reference location is the frequency location indicated in the SUL configuration, which is based on ARFCN after floating ARFCN is resolved
· The reference PRB is expressed based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· The offset in the unit of PRB is indicated based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· Common PRB with index 0 for all SCSs contains point A
· Offset between point A and the lowest subcarrier of the lowest usable PRB of a given SCS
· The offset is indicated in the unit of PRB based on the given SCS
· k0 for each SCS if k0 is kept in Section 5.3 of TS38.211
· Channel BW of the carrier configured to the UE
· Note: the offsets defined above should cover a frequency range larger than R15 defined maximal bandwidth
· The lowest subcarrier of the lowest PRB of the cell-defining SSB can be set with the granularity of channel raster after floating SSB is resolved
· From RAN1, RMSI is assumed to be always PRB-aligned with PRB grid. However, the current 4-bit PRB grid offset in PBCH with 15kHz SCS can’t ensure the above assumption when RMSI has 30kHz SCS. Therefore, for FR1, RAN1 agrees to increase from 4-bit PRB grid offset to 5-bit PRB grid offset in PBCH where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS, while for FR2, there is still 4-bit PRB grid offset and RAN1 assumes the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerlogy. 
· For Pcell DL in paired spectrum and Pcell DL & UL in unpaired spectrum, the above information is signaled to a UE is indicated in RMSI
· For Pcell UL in paired spectrum, the above information is indicated in RMSI and it’s also used to determine the frequency location of initial active UL BWP in paired spectrum
· The range of offset values is 0~(275*8-1), which requires 12 bits


In this contribution, we further discuss potential open issues of channel arrangement following RAN1 and RAN4 agreements.
Discussion
Following RAN1 agreements, common PRB indexing was specified in RAN1 with reference location, reference PRB (point A), and offset between valid start PRB of each numerology compared to reference PRB. Above there parameters were indicated to UE by RRC signalling. Following above design in RAN1, it’s clear for RB allocation of different numerologies. 
On the other side, as specified in RAN4 TS 38.104, channel raster mapping to RE:
	The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.2.2-1. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL.
Table 5.4.2.2-1: Channel Raster to Resource Element Mapping
	

	

	


	
Resource element index 
	0
	6

	
Physical resource block number 

	

	






,  ,  are as defined in 3GPP TS 38.211 [9].


[bookmark: OLE_LINK26]In last RAN4 meeting, the ambiguity of channel raster of location under mixed numerologies was discussed in [2]. 
From system perspective, once the assigned channel is fixed, then corresponding channel raster is fixed as placed in the channel centre of the assigned channel based on NR-ARFCN.
The open issue is whether UE need to know the channel raster location and how UE can acquire such information if needed especially for DL Pcell which reference location is based on SSB.
Following RAN4 agreements, channel raster mapping is pending on the total transmission RBs, however the total 
Number of Transmission RBs is relied on transmission numerologies under certain CHBWs. The minimum guard-band and maximum transmission RBs assuming almost symmetrical guar-band under each SCS were defined in TS 38.104 section 5.3.2 and 5.3.3. 
Based on RAN1 LS, CHBW is indicated to UE, however such indicated CHBW is based on the granularity of MHz or RBs still FFS.
Without clear definition, misunderstanding between network and UE may bring some ambiguity issue as decried below.
As in show in figure 1 and 2 below, 5MHz CHBW with 15 kHz and 30 kHz numerologies. Two possible common PRB indexing can be constructed based network scheduling and RRC parameters’ signalling. 
In figure 1, channel centre/channel raster is placed in SC 6 with PRB index 12 of 15 kHz numerology. For 30 kHz numerology, due to asymmetrical placement of PRBs, 1 RB reduction required.
In figure 2, channel centre/channel raster is placed in SC 6 with PRB index 5 of 30 kHz numerology. On the contrary, for 15 kHz numerology, due to asymmetrical placement of PRBs, 1 RB reduction required.
[bookmark: _GoBack]Based on our understanding, both case1 and case 2 are valid and possible RB placement pending on NW scheduling, and once the assigned channel is fixed, the channel raster location is fixed in the centre of channel and depending on the RB placement options, the channel raster is mapped to the centre of transmission RBs of different numerologies. (15 kHz for example 1 and 30 kHz for example 2).
Observation 1: Channel raster should be unique and fixed in the centre of the assigned spectrum channel irrespective of numerologies followed by the granularity of global channel raster. 
Observation 2: Pending on RB placement scheduling, the centre of transmission RBs of different numerologies not always align with channel raster of the assigned channel under mixed numerologies cases.

Figure 1: 5MHz CHBW, RB placement example 1
[image: ]
Figure 2: 5MHz CHBW, RB placement example 2
Based above observation, the ambiguity of channel raster of location under mixed numerologies may bring some misalignment between UE and NW. As in case 1 (figure 3), if UE follow 30 kHz numerology to decide the channel centre and adjust LO, baseband filtering and corresponding based-band processing, the assumed assigned spectrum channel (5MHz) from UE assumption is not align the realistic assigned in NW side. This misalignment will bring impact to coexistence to adjacent channel i.e. Rx (ACS), Tx (ACLR) etc. Meanwhile, following UE assumption, PRB 0 is conflict with minimum guard band assumption.
On the contrary, for case 2, if UE follow 15 kHz numerology to decide the channel centre and assigned channel, similar problems will be introduced.
Observation 3: the ambiguity of channel raster of location under mixed numerologies may bring some misalignment between UE and NW.
In order to resolve this ambiguity, further clarification from RAN4 and RAN1 (CHBW signalling) is needed i.e. fixed one numerology as reference numerology or using signalling to indicate the reference numerology for channel raster mapping.

[image: ]
Figure 3: Misalignment between NW and UE
Conclusion
In this contribution, we further discuss potential open issues of channel arrangement following RAN1 and RAN4 agreements.
Observation 1: Channel raster should be unique and fixed in the centre of the assigned spectrum channel irrespective of numerologies followed by the granularity of global channel raster. 
Observation 2: Pending on RB placement scheduling, the centre of transmission RBs of different numerologies not always align with channel raster of the assigned channel under mixed numerologies cases.
Observation 3: the ambiguity of channel raster of location under mixed numerologies may bring some misalignment between UE and NW.
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