[bookmark: _Hlk71278819][bookmark: historyclause]3GPP RAN WG4 Meeting #100e		R4-2118047
Electronic meeting, 1st – 12th November 2021	

Agenda item:	9.2.3.4
Source:	Intel Corporation 
Title:	Views comparing the methods of addressing Irregular CBW
Document for:	Discussion

1	Introduction 
In this contribution, we review and compare the four methods for addressing Irregular CBW. All four methods have trade-offs in performance and signalling complexity. For the RAN4 101e meeting, we include comments from the LS on signalling from RAN1 yet we are waiting on an LS on signalling from RAN2.  We also discuss the merits of performance between the methods.
2	Discussion
In the previous RAN4 #100 meeting, four primary methods were discussed for support of efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths:  
•	Next Larger Channel Bandwidth  
•	Overlapping CBW from Network perspective 
•	Overlapping CBW from Network and UE perspective, also referred to Combined UE CBWs, and Overlapping CBW from UE perspective
•	Overlapping CA
In order to efficiently compare the methods, we list the criteria for comparison
1. Spectral Utilization (SU) – This includes both the BS and UE ability to fully utilize irregular CBW.  High SU for BS and not the UE should be given lower priority

2. Performance – Preferably no link degradation.  Methods that degrade link performance, i.e. ACS should be given lower priority

3. Feasibility of required additional signalling – Methods that require no or minimal additional signalling should be given priority over methods that require complex signalling.

2.1 Detailed Comparison of the Methods
Overlapping CA
Spectral Utilization – The Overlapping CA method offers efficient SU from both the Network and UE perspectives.  Since agreeing to align RBs between the overlapping CCs, this method aligns with other overlapping methods for SU.
Performance – There are no issues with ACS or other.
Feasibility of required additional signalling – RAN1 has clarified that no specific capabilities for Overlapping CA have been yet defined in Rel-15/16.  This method will require RAN1 to study the feasibility of adding additional signalling.  Yet CSI-RS measurement of overlapping carriers appears not to be an issue.  Overall, the RAN1 response appears to indicate that Overlapping CA could be possible with further study and some additional signalling.  This method has good SU for both network and UE and no ACS issue.
Observation 1: Overlapping CA have the highest SU and no ACS issue, yet it will require further RAN1,2 study to evaluate needed additional signalling.
Overlapping CBW from the Network and UE Perspective
Spectral Utilization – This method offers efficient SU from both the Network and UE perspectives.  With the potential to only require alignment at the sub-carrier level instead of the RB level, the SU is slightly higher than any other case.
Performance – There are no issues with ACS or other.
Feasibility of required additional signalling – This method appears to be sufficiently complicated that RAN1 chose to say that “RAN1 does not currently support and has no plans to introduce it” [1]. RAN1 companies state that “simulations may be needed to evaluate whether/how network can account for the path differences of main carrier PRBs and additional carrier PRBs” [2].  Further issue is also raised with “configuration of a BWP that is outside the carrierBandwidth and the OFDM generation”.  On the positive side, with sufficient study, RAN1 may be able to develop a new signalling for this method.  Yet given that their answer is that “RAN1 has made no plans to evaluate”, the required development will likely never occur.  
Observation 2: The Overlapping CBW from the Network and UE perspective offers the highest SU and no issues with ACS, yet the signalling complexity would require RAN1 involvement to study and develop required signalling and RAN1 has no plans to do this.
Overlapping CBW from Network Perspective
Spectral Utilization – This method offers the lowest SU of all the methods.  From the Network perspective, all the available irregular BW can be utilized, but from the UE perspective, only the next smaller CBW is available resulting in lower overall SU.  In cases where network traffic is high, the degradation is lessened.
Performance – There are no issues with ACS or other.
Feasibility of required additional signalling – Since this method uses multiple legacy UEs to share the irregular CBW, the existing signalling methodology is sufficient.  RAN1 has clarified that time staggered SSB and CORESET#0 can utilize the same frequency after initial access, which allows this method to work even for narrow CBW < 10MHz cases.  This method has no additional signalling required.
Observation 3: Overlapping CBW from the Network Perspective requires definition of no additional signalling but only allows full SU for the Network, the UE can’t use the full spectrum and therefore has the method has lower overall SU.
Next Larger CBW
Spectral Utilization - The Next Larger CBW method offers high SU from both the Network and UE perspective.  Because the guard-bands of the next larger channel are larger than the next smaller channel, this method has 1-2% less SU than the highest methods [3].  Yet the SU is ≥ 90% for 7MHz and larger CBW.
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Feasibility of required additional signalling – Based on the RAN1 response, this method will work with legacy UEs when the CC will be centred within the CBW and there is no unambiguity that would require a new type of signalling.  For cases with new Rel 17/18 UEs, when the NW is aware of certain blockers located adjacent to the left or right of the operator, the NW should check UE capability for the Next Wider CBW method and signal to the UE to adjust the BWP PRBs to be left, right or centred within the UE Rx filter.  Overall, this represents a minimal additional signalling to indicate the mode and will clarify any unambiguous behaviour between the Network and UE making it robust.
Observation 4: The Next Larger CBW method offers a high SU, but has the drawback of ACS degradation, yet with minor additional signalling this method may be the best compromise between the competing issues.
2.2 Comparison Table
As requested by this topic’s Rapporteur, the comparison table used in the WF from RAN #98e is included for further comparison.
	SI Objective (RP-210706 Clause 4) 
	Overlapping CA 
(R4-2106486)
	Overlapping CBW Network and UE
(R4-2107040)
	Overlapping Network CBW
(R4-2106689)
	Next Larger CBW 
(R4-2104587)

	Spectral Utilization 
	Highest
	Highest
	Medium – BS only
	High

	Performance 

	Good
	Good
	Good
	Some Issues

	Feasibility of Additional Signalling
	RAN1,2 would need to study and determine a new signalling to support Overlapping CA
	Some RAN1 companies raise concerns if feasible.  Significant study and development of new signalling by RAN1,2, which RAN1 has no plans to do.  
	No additional signalling
	Minimal signalling to clarify the operational mode.

	
	Medium
	Lowest
	Highest
	High



3	Conclusions
The included comparison table helps to quickly identify trade-offs.  No method is best in all categories.  Waiting for RAN1,2 to develop signalling for Overlapping CA may be the best long-term solution.  Overlapping from Network perspective would clearly be the quickest to complete, but the lack of SU in the UE is undesirable.  The best compromise solution is likely the Next Larger CBW method assuming the ACS issues are shown to be acceptable.  
Observation 1: Overlapping CA have the highest SU and no ACS issue, yet it will require further RAN1,2 study to evaluate needed additional signalling.
Observation 2: The Overlapping CBW from the Network and UE perspective offers the highest SU and no issues with ACS, yet the signalling complexity would require RAN1 involvement to study and develop required signalling and RAN1 has no plans to do this.
Observation 3: Overlapping CBW from the Network Perspective requires definition of no additional signalling but only allows full SU for the Network, the UE can’t use the full spectrum and therefore has the method has lower overall SU.
Observation 4: The Next Larger CBW method offers a high SU, but has the drawback of ACS degradation, yet with minor additional signalling this method may be the best compromise between the competing issues.
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