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Introduction
During RAN#92-e 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




During RAN4#100-e, TP to TR 38.844 as well as the way forward on wider channel bandwidth approach have been agreed [2][3]. This document addresses some of the remaining issues for this method.
 
Discussion
During RAN4#100-e, the way forward on wider channel bandwidth approach has been agreed [2] with the following questions:

1. If the SCS-specific carrier broadcast in the SIB covers 728-738 MHz and the 5 MHz at the low end of n12 is the initial BWP and the gNB, will n12 UEs that don’t support n85 be able to access the network since 728-729 MHz in the cell-specific carrier bandwidth is not part of n12?  Alternatively, if cell-specific carrier bandwidth is configured to be 729-734 MHz, can the network then configure n85 capable UEs with UE specific channel bandwidths from 728-738 MHz? 

1. If it is possible to configure n85 UEs with UE specific carrier of 728-738 MHz when the cell specific carrier broadcast in the SIB is 729-734 MHz, will it be possible to ensure the RBs for the 728-738 MHz carrier align with the RBs for the 729-234 MHz Carrier? 

1. For further discussion on widerCBW placement is optimized to be contained in the band or meeting interference level in adjacent channels

1. Simulation or analysis results to verify the level of potential degradation to UE performance of ACS/block due to lack of UE dedicated channel filter. (DL only direction for irregularBW)

1. Confirm DL and UL filter assumptions (for both gNB and UE) and RB placement e.g should have (or have not) same center.  WiderCBW (DL), smallerCBW (UL) and irregular bandwidths all contain same center point.
4. Consider raster point may not align, shift to (right or left) next point relative to center.

1. For the case of 7MHz irregular BW, 10 MHz (52 RB) is indicated in the SIB1. If UE use 10 MHz CBW for the initial access there is an interference issue with operation in adjacent spectrum. How to avoid UE to adopt 10 MHz?
 This document provides Nokia’s views for these questions:

1) From RAN2 point of view, UE can camp on a cell if it supports 1) the frequency band (broadcast in SIB1) and (if included) at least one of the broadcast NS-values, 2) the initial BWP size (based on SIB1) and 3) channel bandwidth (CBW) size that is within the SIB1 CBW and contains the initial BWP. Therefore, UEs supporting band n12 but not band n85 will not access a cell unless the cell advertises it is band n12 cell (which is not possible if the frequencies contained do not fit within band n12 frequency range). For the second question, the network can configure n85 capable UEs with UE specific channel bandwidth from 728-738 MHz. However, since 5 MHz carrier (729-734 MHz) would be centered around 731.5 MHz and 10 MHz carrier (728-738 MHz) around 733 MHz, there is 1.5 MHz offset which corresponds to 8⅓ RBs at 15 kHz SCS. Because of the odd/even mismatch in number of RBs, shifting the 5 MHz carrier by a multiple 100 kHz does not solve the problem. 

2) Yes, it is possible to configure n85 UEs with UE specific carrier in CONNECTED mode. For RB alignment, it would be not possible in case 10 MHz carrier is used. 

3) The irregular bandwidth should be inside the widerCBW. In the case of an adjacent channel interferer with a particularly high power density spectrum such as a standalone NB-IoT carrier, a very asymmetric placement of the widerCBW around the irregular bandwidth may provide the best DL performance.

4) It should be noted certain restrictions need to be taken into account once relevant scenarios are simulated/analyzed, e.g. exactly centering 35 RBs of an irregular BW of 7 MHz inside 52 RBs of 10 MHz is not possible because of the different RB grid due to the odd/even RB difference. The 10 MHz or 15 MHz wide carrier should be centered at a multiple of 100 kHz, and the irregular bandwidth should start and end at a multiple of 100 kHz. The transmission bandwidth must be selected from the PRBs on the 10 or 15 MHz carrier's PRB grid in a way that meets the 10 or 15 MHz carrier's minimum guard band to the edges of the irregular bandwidth (there will always be at least one possibility to achieve that, but it may have an asymmetry). The interferer should be simulated on each side unless the side with the narrower guard band is the side where more PRBs are blanked – in that case, simulating on that worst case side should suffice. Furthermore, subcarrier orthogonality between the wanted signal and the adjacent channel interferer or blocker must be prevented, e.g. by a symbol rhythm offset of half a symbol period. At least the irregular bandwidth cases of 6 MHz, 7 MHz and 11 MHz should be included. For the 6 MHz case, both a Rel-15 UE and a UE supporting trs-AddBW-Set1 (cf. TS 38.214 subclause 5.1.6.1.1) should be considered. Two kinds of results are proposed to be simulated:
- What ACI (cf. TS 38.101-1 subclause 7.5) and in-band blocking performance (cf. TS 38.101-1 subclause 7.6.2) is achieved if the exemplary numbers of RBs from table 6.1.1.1 in the TP below are used, i.e. 29 RBs for 6 MHz, 35 RBs for 7 MHz and 56 RBs for 11 MHz?
- How much guard band would have to be spent to meet the ACI and in-band blocking requirements in TS 38.101-1?

5) From gNB side, it is expected that new dedicated channel filters or overlapping channel filters are necessary. The question of how to place the transmission BW inside the widerCBW (centering as good as possible or placement more close to the edges) should be discussed, and suitable CSI-FrequencyOccupation IE configurations should also be considered. Since no PRB alignment between the UL and DL is needed, the widerCBW in the DL and the smallerCBW in the UL can have the same center frequency. However, the irregular BW will have a different center frequency than the widerCBW and smallerCBW unless the numbers in the TP's tables below (for the SCS and irregular BW in question) in the columns "Next larger channel Nrb" and "Channel Nrb" are either both even or both odd. Example for 7 MHz with 35 RBs: If 17 RBs on the lower side and 18 RBs on the upper side of the center of 52 RBs are used, the transmission BW will range from about -17·0.18 MHz = -3.06 MHz to 18·0.18 MHz = 3.24 MHz. Including guard band, the irregular BW can range from -3.4 to 3.6 MHz with a center of 100 kHz above the wider and narrower CBW centers.

6) Potential interference issue to be evaluated pending the outcome of 4). If there is a significant interference for some UEs, use of the smaller channel bandwidth might be the only option but a solution for the PRB misalignment would be needed in this case. E.g. using 5MHz indicated in SIB1 for the 7 MHz case could solve the problem as network could reconfigure UEs (with no/negligible interference in adjacent spectrum) according to the exact UE capabilities, which would allow both legacy UEs (i.e. only supporting 5 or 10 MHz CBW) and new UEs (i.e. those supporting also 7 MHz CBW) to camp on the cell.



Conclusion
This document has provided Nokia’s views on questions for wider channel bandwidth method and proposed a number of assumptions which should be taken into account for analyzing wider channel BW scenarios. It is also proposed to agree on text proposal to TR 38.844 below.

TP to TR 38.844
6.1.1	General Aspects
This clause describes, in general terms, how to utilize an irregular Channel Bandwidth by deploying the “larger channel Bandwidth” method.
The premise idea is that the system is configured with the larger channel bandwidth (indicated in System Information broadcasts as well as gNB filter configurations), but the actual number of scheduled RBs is restricted so that it matches actual spectrum allocation ensuring sufficiently large guard bands. 
[image: ]
Figure 6.1.1-1: Using the next larger channel bandwidth (example for 7MHz).
One of the first critical aspects for this approach is the size of guard bands and the anticipated number of schedulable RBs. As for the standard channel bandwidths, both values are captured in the corresponding specification to avoid any misinterpretation on how many RBs can be configured and scheduled. Following the same principle for every irregular channel bandwidth is feasible, but that will create same amount of technical specification work as if the corresponding irregular channel bandwidth were explicitly added to the specifications. Thus, the number of "available" RBs can be calculated based on certain assumptions. 
The maximum number of "available" or "schedulable" RBs for a particular irregular channel bandwidth can be calculated based on the assumption of using larger guard bands from the next larger channel bandwidth. As an example, while considering the 7MHz channel bandwidth, it is safethe working assumption is to assume consider next larger 10MHz channel guard bands, from which number of available RBs can be calculated. 
NOTE:	Since a UE will be configured with the channel bandwidth, which is larger than the actual allocation, and it is not expected to provide the usual stop-band attenuation at the edges of the irregular channel bandwidth, it is necessary to verify the level of potential degradation of ACS/blocking. Similarly, the gNB operating with wider channel filters cannot be expected to provide stop-band attenuation at the edges of the irregular channel bandwidth to guarantee the co-existence. Further information on gNB transmit channel filters and ACS/blocking should be provided to assess resulting performance degradation and the gap to the RF performance requirements. The gNB Tx transmitter filter assumption is FFS. 
Table 6.1.1-1 below presents example maximum number of available RBs for different irregular channel bandwidths considered in this study item.

NOTE:	Number of available RBs and spectral utilisation are taken from R4-2112365. The gNB Tx transmitter filter assumption used to derive the RB numbers is FFS. 
Table 6.1.1-1: Exemplary number of RBs based on the next larger channel guard bands (15kHz SCS).
	[bookmark: _Hlk83817628]Channel (MHz)
	Next larger channel (MHz)
	Next larger channel guard band (kHz)
	Next larger channel 
Nrb
	Channel Nrb
	Utilisation (%)

	6
	10
	312,5
	52
	29
	87

	7
	10
	312,5
	52
	35
	90

	11
	15
	382,5
	79
	56
	91,6

	12
	15
	382,5
	79
	62
	93

	13
	15
	382,5
	79
	67
	92,8



Table 6.1.1-2 below presents similar calculations for 30kHz SCS, from which one can see that combination of 30kHz SCS and the next larger channel is not generally a good approach for small channel bandwidths. The main reason is that 30kHz SCS has much larger guard bands, which immediately impacts number of available RBs. As a small summary, assuming using guard band from the next larger channel the resulting spectrum Utilization would range from 87 to 92.8% for an SCS of 15kHz and 72 to 88.6% for an SCS of 30kHz. 
NOTE:	Number of available RBs and spectral utilisation are taken from R4-2112365. The gNB Tx transmitter filter assumption used to derive the RB numbers is FFS. 
Table 6.1.1-2: Exemplary number of RBs based on the next larger channel guard bands (30kHz SCS).
	Channel (MHz)
	Next larger channel (MHz)
	Next larger channel guard band (kHz)
	Next larger channel Nrb
	Channel Nrb
	Utilisation (%)

	6
	10
	665
	24
	12
	72

	7
	10
	665
	24
	15
	77,1

	11
	15
	645
	38
	26
	85,1

	12
	15
	645
	38
	29
	87

	13
	15
	645
	38
	32
	88,6



6.1.2	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 can indicate DL next larger standard channel bandwidth, i.e. 10 MHz, and that the initial DL BWP can be set to 5 MHz:
-	SIB1-> servingCellConfigCommon-> downlinkConfigCommon-> frequencyInfoDL-> scs-SpecificCarrierList-> carrierBandwidth = 52 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 = 52 PRBs, subcarrierSpacing = 15 kHz
-	ServingCellConfig-> downlinkBWP-ToAddModList-> bwp-Common-> genericParameters-> locationAndBandwidth = TBD PRBs 
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