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1 Introduction
[bookmark: OLE_LINK25]Since the study item “Study on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths” raised long-standing RAN4 discussions on the location of the channel bandwidth on the (100 kHz) channel raster entries and did not reach an agreement, the new work item [1] on channel raster enhancement was agreed. In this contribution, we want to share some views on UE and BS channel raster enhancement.
	1. Specify necessary changes to the UE channel raster such that configuring a narrower UE channel BW inside a wider gNB channel BW is always possible [RAN4].
2. Changes to BS channel raster can be considered if required [RAN4].
3. Specify the corresponding UE capability, if needed, to enable changes to the channel raster [RAN2, RAN4]:
· RAN4 is to identify the release of the specifications 38.101-1 and 38.104 and the possibility of early implementation. If corresponding capability signalling is provided for early implementation and such early implementation is possible, the change is to be release independent from the identified release.
NOTE: Changes to channel raster need to be compliant with the definition of global channel raster in RAN4 specification. 



2 Discussion
[bookmark: OLE_LINK66][bookmark: OLE_LINK50][bookmark: OLE_LINK23]2.1 SIB1 - carrierBandwidth
	Agreement: 
From RAN1/RAN2 perspective, it’s already possible to position SIB1 carrierBandwidth off the 100kHz channel raster.

Open issue:
FFS if this is also supported from RAN4 perspective and/or if that would need further clarification.


In last meeting, we reached an agreement that from RAN1/RAN2 perspective, it is already possible to position SIB1 carrierBandwidth off the 100 kHz channel raster. And in fact, BS has the ability to finely adjust the position of the carrier off 100 kHz channel raster. However, based on some companies concerns about backward compatibility and sync raster issue, we need further restriction of the position of SIB1 carrierBandwidth in case the carrier can not be covered by SSB. As shown in figure 2.1 [2], sync raster spacing ΔFSC,Raster is limited by the following equation to enable flexible deployment:
ΔFSC,Raster ≤ BWConfig – BWPBCH + ΔFCH,Raster
where BWConfig (Tx BW configuration) is the width of the transmitted Resource Blocks, BWPBCH is the width of the PBCH and ΔFCH,Raster is the channel raster spacing.
[image: ]
Figure 2.1: Possible shifts for the PBCH as the transmitted carrier is shifted on the RF carrier raster
According to above equation, it can be seen that sync raster spacing is influenced by channel raster spacing. If SIB1 carrierBandwidth is off the 100 kHz channel raster which means channel raster spacing is changed, it may need to change sync raster to ensure sync raster points to cover all possible channel raster. In other words, SIB1 carrier bandwidth can not be placed any position off 100 kHz channel raster as sync raster is restricted by channel raster.
Observation 1: According to above equation, it can be seen that sync raster spacing is influenced by channel raster spacing. If SIB1 carrierBandwidth is off the 100 kHz channel raster which means channel raster spacing is changed, it may need to change sync raster to ensure sync raster points to cover all possible channel raster. 
Proposal 1: SIB1 carrier bandwidth can not be placed any position off 100 kHz channel raster as sync raster is restricted by channel raster.
Except for the already defined channel rasters, it is feasible to define additional channel raster points according to the needs of the frequency band after evaluating feasibility like band n28. If the existing channel raster can work properly, there is no need to change them.
Proposal 2: Except for the already defined channel rasters, it is feasible to define additional channel raster points according to the needs of the frequency band after evaluating feasibility like band n28. If the existing channel raster can work properly, there is no need to change them.
2.2 Proposed alternatives for further study
	Following alternatives are FFS:
· Approach 1: Specify a new channel raster
1- FFS what would be the new channel raster step size:
			Option 1: 5 kHz
			Option 2: 10 kHz
			Option 3: 15 kHz
			Option 4: 20 kHz
			Option 5: 50 kHz
2- FFS if the new channel raster should be specified for:
			Option 1: UE only
			Option 2: both UE and gNB.
			Option 3: gNB only
3- FFS on for which bands this new channel raster should be specified:
			Option 1: All FR1 bands below 3GHz
			Option 2: Operating bands that currently have 100 kHz channel raster
			Option 3: On operators’ request

· Approach 2: Do not specify new channel raster entries 
· Alternative 1
1- Clarify in clause 5.4.2.2 of both the BS and UE specifications that the “RF channel” is mapped to the channel raster at the centre of a carrier grid of a serving cell for at least one numerology as advertised in SIB1.
2- The network should be able to use the RRC specification for configuring the UE with locations of the UE-specific channel BW within a wider cell-specific bandwidth;

· Alternative 2:
1- Support configuration of UE-specific channel BW off the channel raster.
2- SIB1 channel BW should support SCS-based channel raster (if no coexistence issue is concerned).
3- UE-specific channel BW can be configured outside the SIB1 grid for future release.

· Alternative 3: 
1- [bookmark: _Hlk132221937]For operating bands with a 100 kHz channel raster, the UE can signal a capability to support a UE specific channel BW that 
· consists of a contiguous subset of RBs from SCS-SpecificCarrier in SIB1 and 
· is a maximum transmission BW configuration 
· but need not be centered on the channel raster.
2- For UEs with the capability to support a UE specific channel BW off the 100 kHz raster in corresponding operating bands, the natural raster for the UE specific channel BW is the RB grid of the carrier bandwidth in SIB1. (For a given numerology and location of the SIB1 carrier bandwidth, its RB grid is considerably sparser than the proposed channel rasters and it includes only valid frequency locations, hence rather the RB grid of the carrier bandwidth in SIB1 should be specified as raster for the UE specific channel BW than a new channel raster.)
3- For UEs with the capability to support a UE specific channel BW off the 100 kHz raster in corresponding operating bands, it is suggested that they support SIB1 carrier bandwidths off the 100 kHz raster as well (step size given here by the global frequency raster) – at least, if a backward compatible solution for SIB1 carrier bandwidths off the 100 kHz raster is found. (Otherwise, the network would only be able to safely make use of it in new operating bands in which all UEs must have this capability, and the benefit would be very limited.)
4- Clarify in TS 38.104 that the channel raster only applies to 
· the SCS-SpecificCarrier in SIB1 and 
· the UE specific channel BW 
that are signaled to UEs even if the BS transmits a wider bandwidth than signaled in SIB1.

· Alternative 4: 
· Allow UE channel BW configured by network during connected mode not on 100 kHz channel raster for some legacy RedCap UEs and future UEs.

· Alternative 5
1- The center of UE dedicated channel bandwidth should be on a valid global frequency grid instead of a valid 100kHz channel raster for a UE in RRC_CONNECT state.

Tentative agreement: 
Any changes should also be applicable to NTN bands.

Way forward:
	For the next meeting:
· Proponents of each alternative should explain:
· How the proposed alternative will address the even/odd PRB issue.
· How to manage any NBC issue with legacy UEs.
· For everyone: further evaluate pros and cons of each alternative
The following table might be used to compare the proposed alternatives:
	Alternative
	Solve even/odd PRB issue
	NBC issue?
	Pros
	Cons

	Ap1, Alt 1
	
	
	
	

	Ap2, Alt 1
	
	
	
	

	Ap2,Alt 2
	
	
	
	

	Ap2,Alt 3
	
	
	
	

	Ap2,Alt 4
	
	
	
	

	Ap2,Alt 5
	
	
	
	



Qualcomm: Ap2 Alt 2 is not in the scope of WID. We have concern on it.


As the proponent of Ap2,Alt 4, we want to make some further clarification to the alternative according to WF guidance and do some modifications to the alternative since the even/odd PRB issue is more than redcap UE issue. The key point of the even/odd PRB issue is the restriction of channel raster, which causes there is no appropriate position to locate a UE specific channel bandwidth with even/odd PRBs within a wider SIB1 carrierBandwidth with odd/even PRBs. Based on above analysis of SIB1 carrierBandwidth, it’s better not to change BS channel raster if it is not a necessity. In this case, the placement of UE specific channel bandwidth within a wider SIB1 carrierBandwidth can be supported if it allows UE specific channel bandwidth can be off 100 kHz channel raster.
[bookmark: _GoBack]As described in our paper of the process of establishing connection between UE and network during initial access [3], UE first detects SSB, subsequent to which UE will decode PSS and SSS. Once legacy UE successfully detects PSS/SSS, UE tries to decode PBCH. If legacy UE successfully detects MIB and finds the location of CORESET0 even decodes SIB1, it will select the supported channel bandwidth which is no less than initial BWP and no larger than carrier bandwidth indicated in SIB1 to receive data. As long as sync raster remains unchanged, the process of UE establishing connection with network may have no impact. So legacy UEs can camp on the cell as usual. To better address NBC issue with legacy UEs, it should be noted that UE specific channel bandwidth must cover initial BWP to cover SSB within initial BWP. 
In a word, Ap2,Alt 4 should be modified as the following:
· Alternative 4: 
·  Allow UE channel BW configured by network during connected mode not on 100 kHz channel raster 
·  Restrict UE specific channel bandwidth must cover initial BWP to cover SSB within initial BWP
Proposal 3: Ap2,Alt 4 should be modified as the following:
· Alternative 4: 
·  Allow UE channel BW configured by network during connected mode not on 100 kHz channel raster 
·  Restrict UE specific channel bandwidth must cover initial BWP to cover SSB within initial BWP
The advantage of the alternative is that it does not require any BS change. An optional capability could be introduced for UE to solve the even/odd PRB issue without any NBC issue. And specification change is rather small. However, the drawback is that it may increase the UE testing burden.
Proposal 4: The advantage of the alternative is that it does not require any BS change. An optional capability could be introduced for UE to solve the even/odd PRB issue without any NBC issue. And specification change is rather small. However, the drawback is that it may increase the UE testing burden.
3 Conclusion
In this contribution, we shared some views on UE and BS channel raster enhancement and the observations and proposals are made as following:
Observation 1: According to above equation, it can be seen that sync raster spacing is influenced by channel raster spacing. If SIB1 carrierBandwidth is off the 100 kHz channel raster which means channel raster spacing is changed, it may need to change sync raster to ensure sync raster points to cover all possible channel raster. 
Proposal 1: SIB1 carrier bandwidth can not be placed any position off 100 kHz channel raster as sync raster is restricted by channel raster.
Proposal 2: Except for the already defined channel rasters, it is feasible to define additional channel raster points according to the needs of the frequency band after evaluating feasibility like band n28. If the existing channel raster can work properly, there is no need to change them.
Proposal 3: Ap2,Alt 4 should be modified as the following:
· Alternative 4: 
·  Allow UE channel BW configured by network during connected mode not on 100 kHz channel raster 
·  Restrict UE specific channel bandwidth must cover initial BWP to cover SSB within initial BWP
Proposal 4: The advantage of the alternative is that it does not require any BS change. An optional capability could be introduced for UE to solve the even/odd PRB issue without any NBC issue. And specification change is rather small. However, the drawback is that it may increase the UE testing burden.
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