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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 [4].
 

	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.

Furthermore, during RAN4#100-e, LS on specification impact for considered methods was agreed [5]. The following comments/questions have been provided for this method which are addressed in this document:

	Apple: Somewhat re-iterating the previous comment, there was an agreement last meeting to provide further details on the UE architecture for this solution, but it is still not clear how it is going to work from the UE perspective. Figure 2 in the paper just shows a “black box” that performs some actions, and the TP has a very generic description. It was clarified by the proponent that “public information of detailed UE TRX architectures is not available and is implementation specific”, but if that is the case, then how can we claim that to support this method it will be enough for the UE to support intra-band non-contiguous CA. If there are two "RF carriers" but one cell as perceived by baseband, then it should be explained further where signals are split / mixed using reference UE architecture as an example. More detailed comments:For the following sentence, “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”, it is not clear whether we deal with increased complexity of the existing architectures or a completely different architecture.The following sentence should be clarified: , "“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.".  Did we agree to consider new channel rasters? The SU table has two columns without 100kHz raster, but it is not according to the existing design. Similar to other methods, we encourage the proponent to include a section with signaling details to present which IEs and values are used to configure a UE and two RF carriers.

	Ericsson:Some comments on the TP part of the paper:Since this method implies a “one cell” configuration we do not understand the CA portion needed to be supported by the UE, indicating two CC’s. CA should not be needed to differentiate two BWPs. This seams to be a new “type” of CA UE that we need clarification on.We do not understand the “additional RF carrier” implication on the UE, and not really sure what a “additional RF carrier” is.



Taking into account agreement and comments above, this document focuses on further UE architecture aspects and clarifying the confusion of aspects of architectures. Requested signalling aspects (on the basis of details found in [2]) as well as further details can be found in the text proposal below. 

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

Three different UE architecture scenarios are described below:

1) Legacy UEs using next smaller bandwidth for reception
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. 
[image: ]
[bookmark: _Ref83902034]Figure 2: Legacy UE may be configured for either of the two carriers.

2) UEs using next larger bandwidth for reception
This option is for UEs that can be upgraded to support the irregular bandwidth through the means of using the next wider bandwidth channel filtering, using new signalling. This requires the UE to process the new messaging, identify the irregular bandwidth configuration and support channel frequencies that are not on the channel raster. This would also allow some UEs to support full irregular bandwidth when the UE has good ACI conditions but doesn't require UE to support new channel filters as such.

3) UEs supporting 2 receive chains for reception
This option is for UEs that contain transceiver architectures and configurations that have flexibility in local oscillator and receive chain assignments. The flexibility in the configuration allows the UEs to configure their receive paths (Antenna to FFT) similarly to non-contiguous carrier aggregation, allowing the two LO and receive chains to down-convert the spectrum of the irregular bandwidth as if it consisted of two separate carriers on the UE side. Based on the channel center of the main RF carrier and the configured irregular bandwidth the UE would know where to place the center frequency of the additional RF carrier that follows the PRB grid (which overlaps with the main RF carrier and includes the remaining agreed PRBs for the irregular BW). The UE down-converts two different sets of PRBs, very similar to CA operation, with an overlapping segment and may use the next smaller bandwidth channel filtering on both of the receive chains as shown in Figure 3. This allows the UE the benefit from proper channel filtering. Using the next smaller bandwidth channel filtering on both of the two carrier parts, the baseband signal processing following the FFTs must be updated to combine the overlapping PRBs. Since the LOs on the UE will operate at different frequencies there will be a phase difference of the two signals contained in the two receive chains for the separate carriers. 

In order to prevent problems in the channel estimation if there is an averaging or interpolation across reference signals at different subcarriers, the phases of the symbols in the frequency domain from both RF receive chains caused by the UE’s use of separate LOs should be aligned. This can be easily achieved by comparing the overlapping symbols from both FFT outputs and phase shifting one FFT output accordingly before the FFT outputs are merged. 
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[bookmark: _Ref83902060]Figure 3: UE architecture for full BW support showing split by the use of two LOs
Depending on the receiver architecture and the distribution of the channel filtering between the analogue and the digital domain, it is also possible to A/D convert a frequency range that accommodates the entire irregular BW and to split the signal afterwards by means of NCOs (instead of LOs) into the 2 RF carriers with their individual channel filter positions as shown in Figure 4.
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[bookmark: _Ref83902092]Figure 4: UE architecture for full BW support showing split by the use of NCOs


Conclusion
This document has provided further information on UE architecture details. It is proposed to agree on below text proposal which reflects UE architecture as well as provides requested information on signalling and configuration aspects.

TP to TR 38.844
[bookmark: _Hlk74642592]6.2.2	Combined UE CBW (one cell)
6.2.2.1      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”, which is partially overlapping with the “main RF carrier”, is aligned to the “main RF carrier” PRB grid and utilizes further PRBs that fit in relevant spectrum block., UEs which support this solution would be reconfigured (once UE capabilities are known) in RRC_CONNECTED to use wider BWP than used for initial access.
- 	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
6.2.2.2      Signalling and configuration aspects
In this section we provide further signaling details on how to support irregular channels given the 7MHz allocation as an example.
The gNB broadcasts the DL carrier bandwidth and the bandwidth of the initial BWP (BWP#0) in SIB1. For the 7MHz allocation, SIB1 would indicate DL standard channel bandwidth (i.e. 5 MHz), the initial DL BWP would be set to 5 MHz to accommodate legacy and new UEs:

- SIB1-> servingCellConfigCommon-> downlinkConfigCommon-> frequencyInfoDL-> scs-SpecificCarrierList-> carrierBandwidth = 25 PRBs / subcarrierSpacing = 15 kHz
- SIB1-> servingCellConfigCommon-> downlinkConfigCommon-> initialDownlinkBWP-> genericParameters-> locationAndBandwidth = 25 PRBs

Once the UE established the RRC connection, the gNB can account for the UE capabilities and re-configure the UE accordingly. At this point the gNB may override the carrier bandwidth value that the UE obtained from SIB1 and configure a dedicated BWP with a bandwidth that differs from the bandwidth of BWP#0. gNB may configure a larger bandwidth part that will cover the whole 7MHz allocation. 

- ServingCellConfig-> downlinkChannelBW-PerSCS-List-> carrierBandwidth = 36 PRBs, subcarrierSpacing = 15 kHz
- ServingCellConfig-> downlinkBWP-ToAddModList-> bwp-Common-> genericParameters-> locationAndBandwidth = 36 PRBs 
It should be noted that 36 PRBs do not correspond to any channel bandwidth currently defined in TS 38.101-1.
Editor’s note: Signalling aspects to be updated once LS from RAN1/2 is received.  The text above is current RAN4 understanding. 

6.2.2.3	UE architecture aspects
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

Two different UE architecture scenarios are explained (legacy UEs using next smaller bandwidth in Clause 6.6.2 and UEs supporting two receive chains for reception described below:

This option is for new UEs that contain transceiver architectures and configurations that have flexibility in local oscillator and receive chain assignments. The flexibility in the configuration allows the UEs to configure their receive paths (Antenna to FFT) similarly to non-contiguous carrier aggregation, allowing the two LO and receive chains to down-convert the spectrum of the irregular bandwidth as if it consisted of two separate carriers on the UE side. Based on the channel center of the main RF carrier and the configured irregular bandwidth the UE would know where to place the center frequency of the additional RF carrier that follows the PRB grid (which overlaps with the main RF carrier and includes the remaining agreed PRBs for the irregular BW). The UE down-converts two different sets of PRBs, with an overlapping segment and may use for irregular bandwidth below 15MHz the next smaller bandwidth channel filtering on both of the receive chains as shown in Figure 6.2.2.3-1 (“DigRF” serves as an example only and corresponds to the interface between RF and baseband chipset). This allows the UE to benefit from channel filtering designed for the specific bandwidth. Using the next smaller bandwidth channel filtering on both of the two carrier parts, the baseband signal processing following the FFTs must be modified such that the signals from these two carrier parts are combined and processed as a single codeword instead of being process separately. Since the LOs on the UE will operate at different frequencies, there will be a phase difference of the two signals contained in the two receive chains for the separate carriers.

In order to prevent problems in the channel estimation if there is an averaging or interpolation across reference signals at different subcarriers, the phases of the symbols in the frequency domain from both RF receive chains caused by the UE’s use of separate LOs should be aligned. This can be achieved by a new function comparing the overlapping symbols from both FFT outputs and phase shifting one FFT output accordingly before the FFT outputs are merged. 
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Figure 6.2.2.3-1: UE architecture for full BW support showing split by the use of two LOs

Depending on the receiver architecture and the distribution of the channel filtering between the analogue and the digital domain, it is also possible to A/D convert a frequency range that accommodates the entire irregular BW and to split the signal afterwards by means of NCOs (instead of LOs) into the 2 RF carriers with their individual channel filter positions as shown in Figure 6.2.2.3-2.
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[bookmark: _Hlk87438340]Figure 6.2.2.3-2: UE architecture for full BW support showing split by the use of NCOs
6.3	Complexity and efficiency study
6.3.1	Combined UE CBW (one cell)
-	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 split of the irregular bandwidth into two sets of PRBs that may be filtered through the next smaller bandwidth after which the signal is combined at baseband as a single carrier.of intra-band non-contiguous CA, increased complexity due to combining two RF carriers into one baseband carrier For such processing, UE may benefit from supporting intra-band non-contiguous CA. 
-	Requires UE architecture with capability to split LNA output signal to two separate LO paths for down-conversion.  Also requires UE architecture with the ability to combine baseband signals.  
-	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.
-	“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. The spectrum utilization values in the table below use guard band values according to the minimum guard bands defined for the smallest possible channel bandwidths that could be theoretically considered as part of each combined UE CBW. The actual minimum guard band requirements for combined UE CBW configurations would require further discussion in any follow-up WI.
- 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:
Table 6.3.1-1: spectrum utilization
	Spectrum block [MHz]
	Number of PRBs
(15kHz SCS without 100kHz raster alignment)
	Spectrum utilization for new UE (without 100kHz raster alignment) [%]
	Number of PRBs
(15kHz SCS with 100kHz raster alignment)
	Spectrum utilization  for new UE (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



---------------------------------------------------------------------------- NEXT CLAUSE ----------------------------------------------------
6.6.2	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
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.

[image: ]
Figure 6.6.2-1: Legacy UE may be configured for either of the two carriers
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