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1	Introduction 
This contribution includes several TP details to improve the overall flow and readability of TR 38.844.  Additionally, several discussion sections for the Next Wider CBW method are added in 6.4-6.7 where there were already method specific discussions for other methods.  
2 Discussion
The specific changes include:
· In section 3, unify terms the match the rest of the TR document.
· Consistent use of “Overlapping UE CBW from network perspective” whereas in some cases Overlapping UE CBW was only used.
· Consistent use of “Next Wider CBW” for all section headings
· 6.4 Addition of Next Wider CBW section and Overlapping CA discussion under this heading
· 6.5 Addition of Next Wider CBW section and discussion under this heading
· 6.6 Addition of Next Wider CBW section and discussion under this heading
· 6.7 Addition of Next Wider CBW section and discussion under this heading
· In sections 6.4 – 6.7, the order of the four methods is re-ordered to be consistent throughout the document
· Clarifying some of the last minute items added in table in 7.1


3	Text Proposal
<<START OF CHANGES>>
[bookmark: _Toc2086438]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Existing immediately lower regular channel bandwidth: the closest NR channel bandwidth defined in Rel-17 which is smaller/less than the irregular bandwidth
Next Wider channel BW.  Uses the eExisting immediately wider regular channel bandwidth: the closest NR channel bandwidth defined in Rel-17 which is larger/wider than the irregular bandwidth.  Also referred to as next larger channel bandwidth.
Irregular bandwidth: an NR bandwidth that is not defined in Rel-17
Overlapping UE channel BW from network perspective: network supports the irregular bandwidth (either by a single carrier or by two overlapping carriers) while each UE operates in an existing lower regular NR channel bandwidth
Combined UE channel BWOverlapping UE channel BW from UE perspective: network supports the irregular bandwidth while some new UEs support two overlapping (RF) carriers.  Also referred to as Overlapping UE channel BW from UE perspective.
Overlapping CA: the irregular bandwidth is handled by two overlapping component carriers (CCs) with NR channel bandwidth defined in Rel-17. It is network responsibility to prevent collisions between the different component carriers.
Single BB carrier: means that from baseband (RAN1) perspective, there is a single cell with a waveform according to a single carrier

<<END OF CHANGES>>
6	Result, Analysis outcome
<<START OF CHANGES>>
In this section, four methods of addressing Irregular bandwidth are proposed.  The larger channel BW method is discussed in section 6.1, while three overlapping UE channel BW methods are discussed in section 6.2.  The overlapping methods are: Overlapping UE CBWs from Network Perspective 6.2.1, Combined UE CBW 6.2.2, and Overlapping CA 6.2.3.
After the initial description of each method, sections 6.3-6.7 study the complexity and impacts of each method on spectral efficiency, generic solutions guidance, RAN1, 2 impact, legacy UE impact and RAN4 standard impact.
6.1	Study of Next Widerlarger Channel BW than licensed BWmethod
6.1.1	General Aspects
<<END OF SECTION CHANGES>>
<< No further changes in 6.1, 6.2, 6.3 >>
6.4	Generic solutions guidance
NOTE: The 6th objective is not an analysis/study but a guidance on solutions. A comparison of the proposed solutions with respect to the criteria in the 6th objective should be included in this clause. 
<<NEXT CHANGED SECTION>>
6.4.1	Next Wider CBW 
Generic and future proof solution, the irregular channel bandwidth is adaptable with a resolution of 1PRB, making it adaptable to new future irregular CBWs.  Ensured co-existence with very limited specification impact since the method works with existing legacy UEs.  Does not require new channel filters for UE to be designed and tested.
6.4.12	Overlapping UE CBW from Network Perspective
This approach can be also be applied to all irregular channel bandwidths with only consideration of different spectral utilization considerations. However the single CORESET#0 and SSB is only applicable for bandwidths greater than 10 MHz.  All irregular channel bandwidths two SSBs can be used (irregular channel bandwidths  < 10 MHz SSB can be TDM).  .  
This method is a generic and future proof solution, the irregular channel bandwidth is adaptable with a resolution of 1PRB, making it adaptable to new future irregular CBWs.  Ensured co-existence with very limited specification impact since the method works with existing legacy UEs.  Does not require new channel filters for UE to be designed and tested.
6.4.23	Combined UE CBW (one cell)
-	Generic and future proof solution, the channel bandwidth can be tailored with the resolution of 1PRB
-	Ensured co-existence with very limited specification impact since both the “main RF carrier” and the “additional RF carrier” would conform to existing 3GPP requirements
-	Does not require new channel filters for UE and gNB to be designed and tested.  
6.4.4	Overlapping CA 
Does not require new channel filters for UE to be designed and tested.
<<END OF SECTION CHANGES>>
6.5	RAN1 and RAN2 impact
<< No changes in 6.5>>
6.6	Legacy UE impact
NOTE: The 8th objective is not an analysis/study but a guidance on solutions
<<NEXT CHANGED SECTION>>
6.6.1	Next Wider CBW
The next wider CBW method works with all legacy UEs and is able to achieve its full spectral efficiency benefit with a legacy UE.  However, some legacy UEs may not be able to be configured beyond the band edge.  The operator can use this solution with the whole ecosystem of available devices.
6.6.12	Overlapping UE CBW from Network Perspective
This approach works with all the legacy UEs and thus an operator can use this solution with the whole ecosystem of available devices. 
6.6.23	Combined UE CBW (one cell)
-	No impact to legacy UEs. UEs which support this solution would be reconfigured in RRC_CONNECTED, there is no change to UE behaviour in IDLE mode which could create potential issue with legacy UE compatibility
NOTE: Although legacy UEs may be able to connect using this method, there is no benefit or advantage for them to do so.  Legacy UEs using this method can’t use any additional RBs beyond the 5MHz interval regular CBW so there is no spectral efficiency improvement with this method.
This option is for UEs that have no support for using an irregular bandwidth. Such a UE will apply the next smaller bandwidth referring to the channel filtering. It will never receive more than the PRBs defined for the next smaller bandwidth and it follows the conventional way of aligning the center frequency of the channel in both DL and UL. These UEs will camp on the same frequency part of the channel since the SIB1 only has one allocation. In CONNECTED mode, the network can configure UE with the UE specific ServingCellConfig IE which configures the point A reference that may shift the UE to operate either at the lower side or the upper side of the irregular bandwidth. In most of the configurations with an irregular BW below 10 MHz, legacy UEs can only use one side of the irregular BW unless – as in the case of overlapping CBWs from network perspective – a second, time-staggered SSB is spent.
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Figure 6.6.2-1: Legacy UE may be configured for either of the two carriers	Comment by Ericsson: Format Updated

6.6.34	Overlapping CA (two cells)
This approach works with legacy UEs in single carrier operation. It is unclear whether legacy UEs would support a CA configuration or UE behavior is undefined with overlapping channel bandwidths as this has not been discussed in RAN2 when designing current UE capabilities and therefore do not consider any frequency overlap in the CA case.  Current channel spacing in RAN4 does not assume overlapping carriers so RAN4 specs do not support overlapping CA.

6.7	RAN4 standard impact identification
6.7.1	Next Wider CBW 
It is noted that new asymmetric bandwidth combinations for UE may be needed. However, these combinations would be “regular” BW combinations, so existing process.  Whether this item is necessary is FFS.
6.7.2	Overlapping UE CBWs from Network Perspective
The required guard band is based on the next smaller channel bandwidth for the legacy UE. Hence BS can use the same implementation as overlapping CA, i.e. to use two existing BS filters (other implementations are not excluded). If manufacturer declares to use two existing filter implementation, and gNB supports the corresponding normal CA, the gNB could also meet the existing unwanted emission and ACS requirement and hence no need to redo conformance testing.
6.7.13	Combined UE CBW (one cell)
Although a new RF architecture and baseband combiner is required for this method, splitting the RF signal into separate “main RF carrier” and “additional RF carrier” with separate signal processing paths, it is theoretically possible for the UE developer to implement this new RF architecture and baseband combiner while meeting all RAN4 specifications.
Overall impact l-	Very limited since both the “main RF carrier” and the “additional RF carrier” would conform to existing 3GPP requirements, to guarantee co-existence.
6.7.24	Overlapping CA (two cells)
The CA framework defines the transmitter emission and receiver blocking at the edge of carriers. Limited impacted is expected to enable coexistence with neighbouring channels for this scenario. Overlapping CA channel spacing need to be updated to consider channel raster, minimum guard band and RB alignment.
For 15 KHz SCS and 100 KHz channel raster,

For NR operating bands with 15 kHz channel raster,

with
	
6.7.3	Overlapping UE CBWs from Network Perspective
The required guard band is based on the next smaller channel bandwidth for the legacy UE. Hence BS can use the same implementation as overlapping CA, i.e. to use two existing BS filters (other implementations are not excluded). If manufacturer declares to use two existing filter implementation, and gNB supports the corresponding normal CA, the gNB could also meet the existing unwanted emission and ACS requirement and hence no need to redo conformance testing.
7	Conclusion 
7.1 Comparison Between Different Schemes 
This section provides a comparison of the proposed schemes using different criteria. 
The comparison between different schemes is summarized Table 7.2.1. 
Table 7.2.1. Comparison of different schemes	Comment by Ericsson: Format Updated
	Comparison Criteria
	Overlapping CA (two cells) – described in Section 6.2.1
	Combined UE CBW (One cell) – described in Section 6.2.2
	Overlapping UE CBW – described in Section 6.2.3 
	Wider CBW  (one cell) – described in Section 6.2.X

	Regulatory requirement
	No issue
	No issue
	No issue
	Potential issue on the BS side, gNB filters will be needed depending on BS implementation.No issue

	UE performance degradation relative to minimum requirements
	Possible impact on Rx sensitivity vs regular CBW, if single carrier Tx-Rx separation is not maintained.
	Possible impact on Rx sensitivity vs regular CBW, if single carrier Tx-Rx separation is not maintained.
	No issue
	Some blocking scenarios could lead to UE ACS and in-band blocking degradation.
Possible impact on Rx sensitivity vs regular CBW, if single carrier Tx-Rx separation is not maintained.

	gNB complexity
	gNB has to support CA and schedule the data without collision in the two CC’s overlapping PRBs
	gNB has to support splitting the signal into 2 RF carriers with a predefined phase relationship

	gNB has to support the irregular channel BW (can also be implemented through RF combining of 2 channels)
	gNB has to support the irregular channel BW (can also be implemented through RF combining of 2 channels or using next wider CBW)No changes needed if the BS can meet regulatory requirements with the RF front end of the wider  channel BW. Otherwise, gNB has to support the irregular channel BW

	UE complexity
	UE has to support intra-band NC CA.
1 less CC can be supported when irregular BW is used in combination from other bands, or more total CCs needed.
	UE has to support RF architecture as in intra-band NC CA. 
Needs new capability to aggregate 2 RF channels in baseband.
Complexity higher than CA because the baseband will need a new "combiner" module.
1 less CC can be supported when irregular BW is used in combination from other bands, or more total CCs needed.
	No changes needed, supported by legacy UEs
	No changes needed, supported by legacy UE

	UE throughput
	UEs supporting the feature can use the entire spectrum allocation, legacy UEs can use an already supported channel BW
	UEs supporting the feature can use the entire spectrum allocation, legacy UEs can use an already supported channel BW
	UE throughput based on existing channel BWs (5MHz for holdings <10MHz, 10MHz for holdings <15MHz, etc)
	UEs supporting the feature can use the entire spectrum allocation. GB of next wider CBW is larger. UE throughput based on how many RBs can be used

	Spectral utilization
	Channel edge guardband based on the aggregated channel BW (5MHz for <10MHz, 10MHz for <15MHz, etc), 2 SSBs are needed
	Channel edge guardband based on the aggregated RF carrier BW (5MHz for <10MHz, 10MHz for <15MHz, etc), single SSB needed
	Channel edge guardband based on the  actual holding (can be same as Overlapping CA), 2 SSBs are needed
	Depends on the usable number of RBs, single SSB needed

	Cell Spectral utilization
	Entire spectrum holding can be used even only with legacy UEs
	Entire spectrum holding can be used even only with legacy UEs for some scenarios depending on whether a single SSB can be used to configure legacy channels at both edges of the spectrum holding. Otherwise, entire spectrum can be used only by new UEs, all legacy UEs have to use the same regular channel BW part of the spectrum holding.
	 Entire spectrum holding can be used even only with legacy UEs
	Entire spectrum holding, but with wider guard bands than in the other methods, can be used even only with legacy UEs

	Network capacity
	Entire spectrum can be used by multiplexing different UEs(even legacy UEs)
	Entire spectrum can only be used for new UEs, whether legacy UEs can be multiplexed to cover entire channel depends on the configuration and bandwidth
	Entire spectrum can be used by multiplexing different UEs in the frequency domain
	Entire spectrum can be used by any UE

	Legacy UE support
	Legacy UEs supported, can use one of the aggregated CCs
	Legacy UEs can use part of the spectrum that contains the SSB
	Legacy UEs supported
	Legacy UEs supported

	RAN1/2/4 Specification impact
	RAN1/2 – new UE capabilities needed, 
RAN4 – new band combinations, changes to channel spacing definition, Overlapping CA reqs applicability, new demod requirements for UEs 
	RAN2 – impact on new capability
RAN4 –core requirements equivalent to new channel BW for BS, new demod requirements for UEs
	RAN4 – BS requirements for new channel BW
	RAN4 – BS requirements for new channel BW, possibly restrictions of the suitable scenarios.
May need to specify nNew asymmetric bandwidth combinations for UE are needed. HoweverHowever, these combinations would be “regular” BW combinations, so existing process.



<<END OF CHANGES>>
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