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Introduction
During RAN#90e 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.
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, 12.5 MHz

	n12
	6, 12 MHz

	n26
	7 MHz

	n28
	13, 33 MHz

	n29
	6, 11 MHz



The first RAN4 study was made in RAN4#97-e [3, 4]. Although a proposed way-forward [5] was not agreed, the document can be used to see how to proceed the further study in RAN4#98-e.

In this document, the usage of overlapping channel bandwidths from UE perspective is discussed, continued from the earlier contribution [6].

	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
Although the Study Item is focusing on a selected number of spectrum block scenarios, 3GPP should look for a solution which will be future proof and would consider other possible FR1 frequency blocks. The introduction of new BS channel bandwidths might for the time being be the easiest solution, but on the long run, it would create too complex specifications by the addition of an uncontrollable number of new channel bandwidths, and specification changes would be needed for any new channel bandwidth, delaying the availability in the field. Hence RAN4 should look at other options which provide a better spectrum utilization (entire spectrum to be used also by relevant UEs) and simplify the specification process. This aspect is also reflected by the following SID objective: “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”. We believe, overlapping channel bandwidths from UE perspective, which is further discussed in this document, is a very promising solution.

First of all, the following assumptions are made (according to SID objectives):

· For all considered solutions, new (dedicated) channel filters (e.g. non-integer-multiples of 5 MHz) are not considered for the UE and not prioritized for the gNB.
· 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.

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. 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 (e.g. that the support of intra-band non-contiguous operation in the UL was only recently agreed [2]), overlapping channel bandwidth UE capability can be grouped into two support levels:
· DL_Support: Simultaneous reception of overlapping channel bandwidths is supported, next lower standardized channel bandwidth to be used in UL
· Full_Support: Overlapping channel bandwidths are simultaneously supported in DL and UL. (We propose to study DL only first. See Proposal 4 below)

To illustrate the proposal, we took an example of 7 MHz spectrum block in band n26 (817-824 MHz UL / 862-869 MHz DL) with 15 kHz SCS. Figure 2 shows the DL. The 7 MHz block is covered by a “main RF carrier” (transmission bandwidth shown in green) and an overlapping “additional RF carrier” (transmission bandwidth shown in yellow). The assumed SSB (shown in orange) centre frequency is 864.05 MHz. UEs not supporting the overlapping channel bandwidth solution would be able to use the next lower supported channel bandwidth, in this example the 5 MHz main RF carrier which is placed according to the channel raster at 864.5 MHz DL centre frequency (i.e., the 5 MHz on the lower side of the 7 MHz) and which has the widest channel bandwidth from TS 38.101-1 table 5.3.5-1 that fits into the spectrum block. The main RF carrier contains the SSB and all the necessary broadcast information for legacy UEs. The main RF carrier is Rel-15 compatible. The transmission bandwidth configuration (NRB=25 for 15 kHz SCS) is based on the Rel-15 specification and all common channels are configured within the main RF carrier, therefore legacy UEs can camp on it and can be connected without being aware of the additional RF carrier.

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 this spectrum block. In order to maximize the spectrum utilization, it is only aligned to the main RF carrier’s PRB grid, but not necessarily placed on the 100 kHz raster. It is usually 5 MHz wide, and in this example, its DL centre frequency is 866.48 MHz which is the closest carrier to 866.5 MHz that can maintain the same PRB grid as the main RF carrier but still fit entirely into the spectrum block. The total number of PRBs of the combined carriers is 36. Out of total 36 PRBs, 14 PRBs are overlapping. The position of the additional RF carrier can be signaled to the UEs supporting this feature.

It can be considered to use the legacy 100 kHz channel raster for the additional RF carrier by applying the channel spacing of an integer multiple of 300 kHz for a subcarrier grid alignment or even 900 kHz for a PRB grid alignment in this example. In this case, the additional RF carrier's DL centre frequency would be at 866.3 MHz. However, the number of overlapping PRBs would be increased to 15 and the total number of PRBs would be reduced to 35. The spectrum utilization would be reduced from 92.6 % to 90 % (36·180 kHz / 7 MHz vs. 35·180 kHz / 7 MHz). Therefore, it is proposed to be able to use non-legacy channel raster for the additional RF carrier as the NR-ARFCN is already defined for such frequency positions; no extended signaling space is needed.

Proposal 1: In order to maximize the spectrum utilization while keeping the PRB grid alignment between the main and the additional RF carrier, an alignment of the additional RF carrier with the 100 kHz channel raster is not required.

For UEs supporting overlapping channel bandwidths, if the main RF carrier and additional RF carrier are treated as if it is a normal carrier aggregation operation, there may be additional overhead due to duplicated common channels and signals such as SSB, PDCCH and CSI-RS configured both in Pcell and Scell, in addition of the MAC processes associated with CA. An alternative solution, which avoids such overheads, would be to consider the main and additional RF carrier as a single cell from UE and gNB perspective. From baseband (RAN1) perspective, there would be only a single carrier (waveform according to a single carrier, with potentially only one SSB etc.) with a flexible number of PRBs between the minimum and maximum numbers listed in the applicable SCS specific line in TS 38.101-1 table 5.3.2-1. In the example of Figure 2, UEs supporting overlapping channel bandwidths can use – at least in the DL – a 36 PRBs wide BWP, and legacy UEs can use the main RF carrier's 25 PRBs.

[bookmark: _Hlk61276096]Proposal 2: The study of overlapping channel bandwidths from UE perspective, according to objective 3 of the SID, shall include an approach with a single carrier from baseband perspective, allowing for a single BWP to cover the combined channel bandwidths.

Figure 3 shows an example of a 13 MHz wide spectrum block in the DL frequency range of 778-791 MHz in band n28 with assumed SCS of 15 kHz (the corresponding UL frequency range is 723-736 MHz). A 10 MHz wide main RF carrier (transmission bandwidth shown in green) is at the lower end of the 13 MHz block, its centre frequency is 783 MHz. It has the widest channel bandwidth from TS 38.101-1 table 5.3.5-1 fitting into the spectrum block. At the upper end, there is a 5 MHz wide additional RF carrier (transmission bandwidth shown in yellow) with an overlap of 8 PRBs, its centre frequency is 788.49 MHz. This is the highest position that is aligned to the main RF carrier's PRB grid and fits into the spectrum block. UEs supporting the overlapping channel bandwidths can, at least in the DL, use a 69 PRBs wide BWP – this corresponds to a spectrum utilization of 95.5 %. In connected mode, legacy UEs can use the main RF carrier's 10 MHz. Placing a 25 PRBs wide initial BWP (shown in pink) with the common channels, including the SSB at 784.95 MHz, into the middle of the 69 PRBs, there is an alternative 10 MHz channel position for legacy UEs on the 100 kHz grid (shown in blue, centre frequency is 785.7 MHz) with an offset of 2.7 MHz to the main RF carrier, allowing for legacy UEs to operate in connected mode in 15 of the 17 PRBs that the additional RF carrier adds.

The main RF carrier and the additional RF carrier are introduced to indicate the transmission bandwidth and guard band placements from RAN4 perspective, clarifying how the combined channel bandwidth's RF requirements are guaranteed such as transmitter unwanted emissions and receiver selectivity. Furthermore, the main RF carrier and the additional RF carrier are also an attractive implementation option (both for the UE and the gNB) because no additional channel filters need to be designed and tested. Conformance testing needs to take into account that the support of a carrier by overlapping channel bandwidths consumes two RF carriers.

W.r.t. the proposal 2 above, the following observations can be made:

· In terms of spectrum utilization, the proposed approach is very efficient because
· the guard band in terms of kHz is even narrower than what could be expected from interpolating in TS 38.101-1 table 5.3.3-1,
· the channel bandwidth can be tailored with the resolution of 1 PRB to the operator's needs and
· the signalling overhead for the additional RF carrier is small since there is only one carrier from baseband perspective.
· To appear as a single carrier, the main RF carrier and the additional RF carrier must be phase aligned. This transmitter requirement will allow receivers for interpolating in the frequency direction between the reference signals across the combined transmission bandwidth.
· Each of the 2 RF carriers clearly defines the size and position of the guard band on its side of the combined channel bandwidth. This allows for an unambiguous placement of the overlapping channel filters and thus prevents problems with OBUE, ACS or in-band blocking.
· New UEs supporting overlapping channel bandwidths can support all considered spectrum scenarios (but 33 MHz in band n28 needs a solution for the dual duplexer problem). Legacy UEs can use the next lower supported channel bandwidth in all considered spectrum scenarios. In spectrum scenarios with less than 10 MHz, legacy UEs will – at least more or less – operate in the same part of the spectrum whereas in spectrum scenarios with more than 10 MHz, legacy UEs can operate more easily on different sides of the spectrum block.
· To 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, it is not excluded to use a second SSB until the penetration of UEs supporting overlapping channel bandwidths is high enough to sufficiently capitalize on the additional RF carrier's further PRBs. However, for best spectrum efficiency, such a workaround with significant additional overhead is not recommended. 
· To ease getting consistent reference signal frequencies, the overlapping channels should be PRB aligned. PRB alignment is also needed to obtain a single carrier that has an integral number of PRBs. Not requiring a PRB alignment could cause a gap of some subcarriers that can neither be used by UEs operating in the lower part nor by those operating in the upper part of the spectrum. Hence not requiring a PRB grid alignment would not increase the cell capacity.

Proposal 3: The PRB grid alignment is mandatory among overlapping channel bandwidths.

There were proposals to focus on the overlapping channel bandwidths from network perspective due to impacts to UE issues in RAN4#97-e [3]. One of the main concerns for overlapping channel bandwidths is the regulatory compliance to the unwanted emissions requirement in uplink. The overlapping channel bandwidths may be implemented similarly to intra-band carrier aggregation with multiple carrier frequencies. Excessive unwanted emissions are expected due to intermodulation products of two uplink carriers. Simply assuming a smaller channel filter is not sufficient to suppress the unwanted emissions, thus power back-off, i.e., CA MPR/A-MPR is required to suppress the intermodulation and to meet the emission requirements such SEM, spurious, ACLR, etc. Such study may be quite time-consuming because of large number of possible channel bandwidth configurations.
On the other hand, overlapping channel bandwidths in downlink do not cause such regulatory compliance issues. The blocking performance of the receiver can be guaranteed simply by assuming a legacy channel filter smaller than the aggregated channel bandwidth, since filter rejection requirement is generally more stringent with a smaller channel bandwidth. Therefore, it is proposed first to focus on the overlapping channel bandwidths only in downlink while the uplink configuration is a single legacy bandwidth. 

Proposal 4: It is proposed first to focus on the overlapping channel bandwidths from UE perspective in downlink, where uplink is based on the legacy channel bandwidth.
Instead of a single carrier approach from baseband (RAN1) perspective, another approach by transmitting SSB in each overlapping channel bandwidth was proposed by some companies in RAN4#97-e [3]. However, this approach consumes more radio resource since SSB transmission is duplicated as well as other radio resources such as PDCCH, CSI-RS and PDSCH (for SIB). If aggregated channel bandwidth is not large enough (<10 MHz) to carry two non-overlapping SSBs, then, two SSB transmissions may conflict each other in frequency domain. To avoid such resource conflict, SSBs may be transmitted in a staggered manner in time domain. This will complicate the gNB scheduling of common radio resource among two overlapping carriers and furthermore spectrum efficiency is affected. 
Observation 1: Overlapping carriers with two SSBs are less spectrum efficient due to redundant radio resource allocations for common channels and signals. Furthermore, the scheduling of those resources is complicated.
Proposal 5: For spectrum efficiency, solutions with only a single SSB are considered with higher priority than solutions needing a second SSB. Feedback from operators is desired on whether it is sufficient to serve all legacy UEs on the same side of a spectrum block if it is smaller than 10 MHz (e.g. in the main RF carrier's 5 MHz on the left-hand side of figure 2).


Conclusion
It has been shown that overlapping channel bandwidths from UE perspective can achieve a very high spectrum utilization in spectrum allocations which do not align with existing NR channel bandwidths. Overlapping channel bandwidths from UE perspective is a very promising solution and can support all considered spectrum scenarios (but the feasibility of 33 MHz in band n28 depends also on the dual duplexer problem) and therefore should be pursued in this study item as proposed in the following.

Proposal 1: In order to maximize the spectrum utilization while keeping the PRB grid alignment between the main and the additional RF carrier, an alignment of the additional RF carrier with the 100 kHz channel raster is not required.
Proposal 2: The study of overlapping channel bandwidths from UE perspective, according to objective 3 of the SID, shall include an approach with a single carrier from baseband perspective, allowing for a single BWP to cover the combined channel bandwidths.
Proposal 3: The PRB grid alignment is mandatory among overlapping channel bandwidths.
Proposal 4: It is proposed first to focus on the overlapping channel bandwidths from UE perspective in downlink, where uplink is based on the legacy channel bandwidth.
Observation 1: Overlapping carriers with two SSBs are less spectrum efficient due to redundant radio resource allocations for common channels and signals. Furthermore, the scheduling of those resources is complicated.
Proposal 5: For spectrum efficiency, solutions with only a single SSB are considered with higher priority than solutions needing a second SSB. Feedback from operators is desired on whether it is sufficient to serve all legacy UEs on the same side of a spectrum block if it is smaller than 10 MHz (e.g. in the main RF carrier's 5 MHz on the left-hand side of figure 2).
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