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Introduction
During RAN#92e meeting, a revised Study Item [1] has been approved on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths with the following objectives:

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.
Furthermore, the following spectrum blocks are considered within this study:

	Frequency band
	Spectrum block

	n5
	7, 11, 12 MHz

	n12, n85
	6, 12 MHz

	n26
	7 MHz

	n28
	13 MHz

	n29
	6, 11 MHz




In this document, the usage of overlapping channel bandwidths from UE perspective is discussed further, continued from the earlier contribution [2].
 

	UE's 1st channel bandwidth, e.g. 5 MHz
	
	

	
	
	UE's 2nd channel bandwidth, e.g. 5 MHz with 2 MHz offset

	Combined UE channel bandwidth, e.g. 7 MHz



Figure 1: Sketch of a UE's overlapping channel bandwidths (frequency axis in horizontal direction)
Discussion
During RAN4#99-e, the text proposal on overlapping channel bandwidths from UE perspective was agreed [3] with the following agreement:

Agreement: The further study on UE feasibility from UE architecture perspective and from perspective of RAN1/2 impact is needed in the next meeting.

Taking into account agreement above, this document focuses on UE architecture aspects as well as on RAN1/2 impact. Further details of this method can be found in [2]. 

With respect to the UE architecture, the following assumptions are made (according to SID objectives):

· New (dedicated) channel filters (e.g. non-integer-multiples of 5 MHz) are not considered
· UEs not supporting this solution (both legacy and new UEs) should be able to use the next lower supported channel bandwidth in the UL and DL without implications

Furthermore, we assume that all UEs supporting non-contiguous intra-band CA have at least two RF carriers support capability and that hence their hardware is in principle able to also support overlapping channel bandwidths. This assumption is illustrated in Figure 2, where the UE separation capability that is required to perform the spectrum separation of the overlapping channel bandwidths requires further knowledge of differences in how the UE extracts bandwidths parts same as done in carrier aggregation.

[bookmark: _Ref75979858]Figure 2: Comparison of CA capabilities to decoding overlapping spectrum

The handling of the overlapping spectrum in the way shown in the lower part of Figure 2 will require that the separation of the bandwidth parts can be done at frequency offsets lower than the separation in legacy non-contiguous intra-band carrier aggregation within the UE. The UE may compare, after the FFTs, the PRB’s that overlap in the two spectra and determine the phase offsets for compensation in one of the RF carriers' symbols. The requested spectrum block is at most 13 MHz, which is significantly less than the maximum single channel bandwidth 100 MHz, the multiplexing of two RF channels into one baseband carrier should not require more processing power than what is already available.

In addition, we assume that the second channel need not be on the channel raster so that a PRB alignment between the channels is simplified. Taking into account certain UL implications and RAN4 agreement to focus on DL only, the following support is considered:
· DL_Support: Simultaneous reception of overlapping channel bandwidths is supported, next lower standardized channel bandwidth to be used in UL


As illustrated in [2], for UEs which support the overlapping channel bandwidth solution, there is the additional RF carrier in order to utilize also all further PRBs that fit into relevant spectrum block. For those UEs, network would reconfigure them in RRC_CONNECTED (once UE capabilities are known) to use a (single) wider BWP (and corresponding channel bandwidth that encompasses the whole BWP, if necessary) than used for initial access (with no change in MIB/SIB1). This is possible via RRC configuration in the ServingCellConfig IE, which can be used to provide UE-specific configuration that need not match the MIB/SIB1 information (i.e. dedicated signalling can extend the UE configuration beyond that provided in MIB/SIB1, because MIB/SIB1 needs to be common to all UEs). Notably, the dedicated BWPs and UE-specific carrier bandwidth refer to the Carrier Resource Block (CRB) definition (see below from 38.211, Clause 4.4.2), which indicates the RRC parameters (which can be reconfigured) are used so that BWP exists within a CRB grid so there is no RAN1 impact:

For uplink and downlink, the carrier bandwidth  for subcarrier spacing configuration  is given by the higher-layer parameter carrierBandwidth in the SCS-SpecificCarrier IE. The starting position  for subcarrier spacing configuration  is given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE.

Since these do not affect MIB/SIB1, there is no change to UE behaviour in IDLE mode so there are issues with legacy UE compatibility. The claimed unclarity in whether new UEs in RRC_CONNECTED can already be configured with the irregular channel bandwidth (as is our understanding) would need to be answered by RAN1/2, not RAN4, but we don't see specifications having issues with this since new 3GPP Release changes for CONNECTED are always possible (whereas changes for IDLE are much more difficult due to legacy UEs).

From RAN2 viewpoint, we would also note that this doesn't require "additional" BWPs to be configured to the UE: All that UE sees is a single BWP and a single channel bandwidth, just as with legacy. It should be noted that dedicated signalling of Rel-15 allows for operating legacy UEs on either side of a single BB carrier: the BWP configuration is based on SCS-SpecificCarrier location, which itself refers to the "pointA" location, which can be freely chosen by the network (and can be even outside of the actual carrier bandwidth). Therefore, it is always up to network configuration to place "pointA" where desired, and BWP can then be adjusted to that. The network also ensures that when channel bandwidth is configured, the used BWP(s) are contained within that in RRC_CONNECTED and since the initial BWP will be within the channel bandwidth indicated in SIB1, it can continue to serve legacy UEs just as before (i.e. no configuration change is required to legacy deployments) . Thus, the existing Rel-15 signalling is flexible enough even for the BWPs that cover overlapping channel bandwidths as is also illustrated in the Figure 3 below.
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[bookmark: _Ref68259002]Figure 3: Illustration of Rel-15 BWP and channel bandwidth configurations 

Observation 1: The proposed method does not have impact to existing RAN2 signalling or to RAN1 specifications. RAN4 may consider sending an LS to RAN1/2 to confirm this observation.
If an LS is sent to RAN1/2, we propose to send a generic LS as proposed in RAN4#99-e [4]. If a more detailed LS is preferred, at least the following aspects shall be addressed for other methods:
· For the wider CHBW:
· Clarify what UL carrier positions (not just BWP positions because the UE's UL channel filter must be configured according to the next lower CBW) legacy UEs support. This might refer to what signalling is allowed for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance.
· answer if it is safe to command BWP sizes to legacy UEs which do not correspond to the currently specified transmission BWs
· For the overlapping CBWs from network perspective:
· check if a single SSB and/or CORESET, in particular for irregular BWs >10 MHz where a 5 MHz wide initial BWP can be in the common frequency range, is enough to make in DL and UL some UEs operate spectrally left-aligned and others right-aligned
	1st legacy UE's channel bandwidth, e.g. 10 MHz
	
	

	
	
	2nd legacy UE's channel bandwidth, e.g. 10 MHz with 3 MHz offset

	
	e.g. 5 MHz wide initial BWP
	



Figure 4: Sketch of two legacy UEs' overlapping DL channel bandwidths with a single SSB and/or CORESET in the common frequency range (frequency axis in horizontal direction)
· For CA approach:
· check if the overlap of the subcarrier (not necessarily PRB) aligned carriers results in a conflict of physical signals (in particular reference signals) or channels that legacy UEs distributed over both carriers expect to receive
· since CA is considered, there will be BSR per serving cell – how would this be handled when these are overlapped? How does UE report CSI for the overlapped part? What about SRS, can there be SRS carrier switching between the carriers? SCell has either PDCCH or is cross-carrier scheduled, how would that work in overlapping CA case?  
Proposal 1: Generic LS is recommended to be sent to RAN1/2, as proposed in RAN4#99-e [4]. If a more detailed LS is preferred, at least the aspects above shall be addressed for other methods.
Conclusion
This document has provided further information on UE architecture aspects as well as on RAN1/2 impact due to introduction of overlapping channel bandwidths from UE perspective. The following observation and proposal have been made as well as new text proposal to TR 38.844:

Observation 1: The proposed method does not have impact to existing RAN2 signalling or to RAN1 specifications. RAN4 may consider LS to RAN1/2 to confirm this observation.
Proposal 1: Generic LS is recommended to be sent to RAN1/2, as proposed in RAN4#99-e [4]. If a more detailed LS is preferred, at least the aspects above shall be addressed for other methods.
TP to TR 38.844
6.2	Study of overlapping UE channel bandwidths
a) Combined UE CBW (one cell):
	General aspects:
	- studied spectrum blocks covered by “main RF carrier” and “additional RF carrier”
- the “main RF carrier” is Rel-15 compatible and contains the SSB as well as all necessary broadcast information, legacy UEs and UEs which do not support this solution are able to camp on it and be connected without being aware of the “additional RF carrier”
- the “additional RF carrier” is aligned to the “main RF carrier” PRB grid, UEs which support this solution would be reconfigured (once UE capabilities are known) in RRC_CONNECTED to use wider BWP
- the “main RF carrier” and the “additional RF carrier” treated as single cell (one carrier from baseband perspective) to allow for a single BWP to cover studied spectrum block in RRC_CONNECTED
- both the “main RF carrier” and the “additional RF carrier” would clearly define the size and position of the guard band which allows for an unambiguous placement of the overlapping channel filters and thus prevents problems with OBUE, ACS or in-band blocking
	- from UE perspective, supported in downlink only
		
Complexity and efficiency aspects:
- does not require new channel filters for UE and gNB to be designed and tested
	- requires support of two RF carriers phase aligned on the Tx side to ensure phase continuity on the Rx side
- requires UE support of intra-band non-contiguous CA with capability to separate bandwidth parts (CC1 and CC2) when frequency offset is less than the bandwidth of a single bandwidth part. The increased complexity due to combining two RF carriers into one baseband carrier is therefore affecting the receiver and its capability to separate the two CCs
- for scenarios with less than 10 MHz, second SSB is not excluded but not recommended due to significant additional overhead (duplicated SSB transmission as well as other radio resources such as PDCCH, CSI-RS, PDSCH (for SIB), CSI for Tracking, etc.). However, a second SSB could enable or improve the legacy UEs' use of the further PRBs provided by the additional RF carrier in spectrum scenarios with less than 10 MHz.
[bookmark: _Hlk78884039][bookmark: _Hlk78968529]- “additional RF carrier” not to be on the channel raster to increase spectrum utilization (up to 2 PRBs), it should be noted that the complete “additional RF carrier” is used only by UEs which support this solution. “additional RF carrier” can be used partially (with up to 2 PRBs not available) by legacy UEs which are on the channel raster.
- proposed BWPs size of the irregular spectrum chunk may have an impact on performance requirements and additional testing
- high spectrum utilization due to lower internal guard band as well as no additional CA overhead (duplicated common channels and signals such as SSB, PDCCH and CSI-RS configured both in Pcell and Scell, in addition tof the MAC processes associated with CA) due to single baseband carrier usage:

	Spectrum block [MHz]
	Number of PRBs
(15kHz SCS without 100kHz raster alignment)
	Spectrum utilization (without 100kHz raster alignment) [%]
	Number of PRBs
(15kHz SCS with 100kHz raster alignment)
	Spectrum utilization (with 100kHz raster alignment) [%]

	6
	30
	90
	30
	90

	7
	36
	92.6
	35
	90

	11
	58
	94.9
	57
	93.3

	12
	63
	94.5
	62
	93

	13
	69
	95.5
	67
	92.8



	Generic solutions aspects:
- generic and future proof solution, the channel bandwidth can be tailored with the resolution of 1 PRB
- 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

	Legacy UE impact:
- 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
	
RAN4 standard impact:
- very limited since both the “main RF carrier” and the “additional RF carrier” would conform to existing 3GPP requirements, to guarantee co-existence
References
[1] RP-211468	Revised SID: Study on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths; T-Mobile USA, Ericsson; RAN#92-e
[2] R4-2111219	On the use of overlapping channel bandwidths from UE perspective, Nokia, Nokia Shanghai Bell; RAN4#99-e
[3] R4-2108021	TP on the use of overlapping channel bandwidths from UE perspective, Nokia, Nokia Shanghai Bell; RAN4#99-e

[4] R4-2108015	draft LS on specification impact for methods on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths, Nokia; RAN4#99-e

image2.png
pointA

[ARFCN]
Main RF Carrier PRBs (configured via SIB1) Additional PRBs (conflgured via dedicated BWP)
Total ‘// SIB1::SCS-SpecificCarrier::carrierBandwidth [PRBs] S~
carrier — 1|3 | | [ | | | [ | | | [ | | | ~— '
BW i |
SIB1::SCS-SpecificCarrier::carrierBandwidth [PRBs]
Common | - i
BW= | |
SIBLBW | M8 i
| CORESET#0 !
i TSRV forma) | |
Dedicated ServingCellConfig::downlinkChannelBW-PerSCS-List (SCS-SpecificCarrier::carrierBandwidth [PRBs]) i
| ! :
O e
otal —! '
carier ||| I T
BW | : . : ; : ; :
ServingCellConfig::downlink-BWP-ToAddMostList (BWP-Downlink, RIV format) '

Frequency




image1.emf
gNB modulation process

RF Transceiver

I/Q 

Demodulator

RF Frontend 

module

Single carrier

Intra Cont CA

Bandwidth capability

Channel spectrum

Intra Non Cont CA

Downlink

RF Transceiver

I/Q 

Demodulator

RF Frontend 

module

Bandwidth capability

Channel spectrum

Downlink

UE separation capaibility

UE separation capaibility

New CBW

Redundancy in overlapping 

PRBs

Supported legacy CBW

Supported legacy CBW

Air interface

Carrier 1

Carrier 2

PRB


Microsoft_Visio_Drawing.vsdx
gNB modulation process
RF Transceiver
I/Q Demodulator
RF Frontend module

Single carrier
Intra Cont CA
Bandwidth capability
Channel spectrum
Intra Non Cont CA
Downlink

RF Transceiver
I/Q Demodulator
RF Frontend module

Bandwidth capability
Channel spectrum
Downlink

UE separation capaibility
UE separation capaibility



New CBW
Redundancy in overlapping PRBs
Supported legacy CBW
Supported legacy CBW
Air interface
Carrier 1
Carrier 2
PRB

UE side of the system



