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1.	Introduction
During the work with the Study Item for Irregular bandwidths four different variants or methods have been suggested, namely:

· Larger Channel bandwidth than licensed (irregular) BW
· Overlapping UE Channel bandwidth
· Combined UE Channel bandwidth (one cell)
· Overlapping CA (two cells)

The outcome of the study is captured in TR 38.844.

The objectives for the study are copied from [1]:

The objectives of this study item are:

1. Identify operator licensed channel bandwidths in FR1 that do not align with existing NR channel bandwidths. 
0. Only licensed spectrum wider than 5 MHz to be considered in this SID.
0. Spectrum block of 33MHz in n28 require further investigation since there is dual duplexer assumption (2x30MHz) for this band. At RAN4 #98e it was decided to eliminate spectrum block of 33 MHz for n28. 
1. Evaluate the potential use of larger channel bandwidths than operator licensed bandwidth, including the impacts on regulatory emission requirements/UE output power implications and UE ACS/blocking impacts depending on the guard band and the SCS.
1. Study the use of overlapping UE channel bandwidths (from both UE and network perspective) to cover operator’s license spectrum for both UL and DL, and if new gNB channel bandwidths are needed. 
NOTE:	For all considered solutions, new (dedicated) channel filters (e.g. non-integer-multiples of 5MHz) are not considered for the UE and not prioritized for the gNB.
1. Identify operator licensed bandwidths that are not compatible with the use of techniques like overlapping UE channel bandwidths. Every proposed method shall be summarized with respect to whether all considered spectrum scenarios are supported or whether there are specific limitations. Some limitations for a specific method shall not disqualify such method if there is a trade-off between flexibility and implementation challenges.
1. Study the complexity and efficiency of adding new channel bandwidths vs. using other including testing aspects.
1. Generic solution(s) should be intended as much as possible, with priority should be given to approaches that avoid the introduction of new channel BWs on the UE side. Proprietary solutions if proven relevant should not be precluded. Spectrally efficient methods providing a fine channel bandwidth granularity as well as low to moderate guard band width and signalling overhead should be preferred
1. Impact on RAN1 and RAN2 should be considered and minimized
1. For any considered solution, UEs not supporting such solution (both legacy and new UEs) should be able to use the next lower supported channel bandwidth in the UL and DL without implications. 
1. Impact (if any) on RAN4 requirements should be identified for the preferred solutions.










2.	Discussion
In order to get an overview of the different methods and be able to compare them it was originally suggested by RAN4 chair to include a matrix of impact per method mapped to the objectives of the Study Item. The matrix below is based on a similar matrix from a previous contribution, R4-2109587 [1], of which additional information has been modified in order to provide a complete update view. 
Note that SU has not been considered in the matrix since it has been shown in various contribution that sufficient SU is reached for all methods. Apart from SU removal the changes compared to the matrix introduced in [2] are highlighted in yellow.
We suggest to add the matrix to TR38.884 at a later stage, since there is an LS awaiting response send to RAN1 and RAN2 at RAN4#100-e.
The content in the matrix is based on the fact that irregular BW’s are only considered in the DL as of now.

	SI Objective
	Overlapping CA (two cells)
	Combined UE CBW (One cell)
	Overlapping UE CBW (One cell)
	Wider CBW  (one cell)

	1) Identify operator licensed channel bandwidths in FR1 that do not align with existing NR channel bandwidths.
a) Only licensed spectrum wider than 5 MHz to be considered in this SID.
b) Spectrum block of 33MHz in n28 require further investigation since there is dual duplexer assumption (2x30MHz) for this band. At RAN4 #98e it was decided to eliminate spectrum block of 33 MHz for n28. 
	N/A
	N/A
	N/A
	N/A

	2) Evaluate the potential use of larger channel bandwidths than operator licensed bandwidth, including the impacts on regulatory emission requirements/UE output power implications and UE ACS/blocking impacts depending on the guard band and the SCS.

	N/A
	N/A
	N/A
	Meeting regulatory emissions cannot be guaranteed on BS side.  New gNB tx filters are required to meet regualtory requirements. Performance loss due to blocking or ACS on UE will depend on the scenario and position on the BW within the band.

	3) Study the use of overlapping UE channel bandwidths (from both UE and network perspective) to cover operator’s license spectrum for both UL and DL, and if new gNB channel bandwidths are needed.
NOTE: For all considered solutions, new (dedicated) channel filters (e.g. non-integer-multiples of 5MHz) are not considered for the UE and not prioritized for the gNB.
	- New gNB/UE CBW not required
- Complex solution, careful study of implementation impact on L1 level e.g. position of DMRS, CSI-RS, TRS 
- Impact on RAN4 spec w.r.t new CA combos, new definition of channel spacing etc.

	- adopt 5/10MHz existing requirements for each overlapping carrier to ensure co-existence
- UE implementation impact due to support of new BWPs
- Legacy UE will not support this method, new UE’s needed
- Possible large impact/restrictions in RAN1 and RAN2 specifications
	-DL/UL of UE smallerCHBW only, SU seen from UE P.O.V same as smaller CHBW
-gNB define irregularBW for regulatory requirements. whether new channel bandwidth is needed will be up to implementation
	N/A

	4) Identify operator licensed bandwidths that are not compatible with the use of techniques like overlapping UE channel bandwidths. Every proposed method shall be summarized with respect to whether all considered spectrum scenarios are supported or whether there are specific limitations. Some limitations for a specific method shall not disqualify such method if there is a trade-off between flexibility and implementation challenges.

	- Works with all spectrum allocations considered
- Inefficient use for smaller irregular BWs due to size of CORESET#0

	- Works with all spectrum allocations considered
- Not suitable for smaller irregular BWs due to size of CORESET#0

	- Works with all spectrum allocations considered 
- Not suitable for smaller irregular BWs due to size of CORESET#0

	- Works with all spectrum allocations considered 
-How many RBs are usable might depend on the actual deployment scenario


	5) Study the complexity and efficiency of adding new channel bandwidths vs. using other including testing aspects.
	-UE testing for irregularBW is needed. The CA framework can be reused.
- RB alignment is needed (without alignment there is no spectral efficiency gain)

	- Increased implementation complexity at BS and UE compared to other schemes (support of new BWPs, phase alignment)
- possible degradation in performance
- new RAN4 performance requirements needed
- less overhead compared to other schemes
- legacy UEs can access part of the spectrum (5 or 10MHz)
	· Some complexity at the BS to support a new bandwidth 
· No UE impact, fully backwards compatible
	· WiderCHBW alignment and its allocated BWP depending on the irregular CHBW position in the band needs to be determined

· gNB regulatory requirements need to be tested


	6) Generic solution(s) should be intended as much as possible, with priority should be given to approaches that avoid the introduction of new channel BWs on the UE side. Proprietary solutions if proven relevant should not be precluded. Spectrally efficient methods providing a fine channel bandwidth granularity as well as low to moderate guard band width and signalling overhead should be preferred

	· solution can be applied to any bandwidth
· no need for new UE CHBW
	- Solution can be applied to any bandwidth
- no need for new UE CHBW but spec impact for differenct behavior clarifications expected (UE is supposed to combine signals coming on 2 separately configured channel, scheme doesn’t exist today)
	- solution can be applied to any bandwidth
 - no need for new UE CHBW, fully backwards compatible
	- can be applied to any bandwidth, requirements might be needed for certain scenarios



	7) Impact on RAN1 and RAN2 should be considered and minimized
	· no impact to RAN1, impact to RAN2 on CA capability and possibly CA BW class
· New UE capability signalling needed
· Note: To be updated after RAN1&2 LS response
	· Impact to RAN1 and RAN2 to change the BWP constraints and clarify UE configuration/behavior with the new channel and BWP configuration
· New UE capability signaling needed
· Note: To be updated after RAN1&2 LS response
	· No impact 
· Note: To be updated after RAN1&2 LS response
	· Possible impact on UE capability signaling
· Note: To be updated after RAN1&2 LS response

	8) For any considered solution, UEs not supporting such solution (both legacy and new UEs) should be able to use the next lower supported channel bandwidth in the UL and DL without implications. 
	· Legacy UEs can access any of the component carriers (cells) for the cases where CORESET#0/SSB fits within both CCs (i.e. large irregular BW’s)
	· legacy UEs can access the cell and be placed in any part of the channel
	- legacy UEs can access the cell and be placed in any part of the channel
	- legacy UE can access the entire channel

	9) Impact (if any) on RAN4 requirements should be identified for the preferred solutions.
	- define CA combinations
- (re-) define channel spacing for intra band CA
- clarify which/how CA requirements apply in this case (channel spacing, emissions, etc)
	- possible new BS requirements for the irregular BW
- new performance requirements needed
	- new BS requirements for the irregular BW
- No UE impact
	- new BS emission requirements for the irregular BW


	10) Benefits from system and UE point of view (comparisons among all candidate solutions)
· SSB/raster positions
· How many PRBs will be used based on one example
· Gain vs. BS and UE implementation complexities
	- 1 or 2 SSBs needed 
- same UE and BS SU.
-Implementation complexity,  e.g. handling L1 Reference symbol configuration on both UE and BS
- Complexity added by support of CA on both UE and BS
	- 1 SSB needed
- same UE and BS SU.
- High implementation complexity on both UE and BS
	- 1 or 2 SSBs needed 
- no added complexity on UE side
- complexity on the BS especially for the narrower cases where CORESET#0 can not be shared between the UE overlapping BWs
	- 1 SSB needed
- no added complexity on UE side
- Low Implementation complexity on BS if new filters are found needed







3.	Conclusions
In this contribution an updated version, of the previous provided [2], comparison matrix is suggested.


Proposal 1: Add the comparison matrix to TR38.844 in the coming meeting
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