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1	Introduction 
During previous RAN TSG and RAN WG4 meetings, several operators expressed an interest in enabling more efficient utilization of "non-standard" channel bandwidths, i.e., the ones which are not present now in TS 38.101 specifications. Referring to the corresponding operator requests, the following channel bandwidths were suggested by operators: 6, 7, 11, 12, 13, 33, 35, 45. In response for that request for "non-standard" channel bandwidths, which are not multiple of 5MHz, RAN#89 agreed a new SI aiming to study further which existing solutions can be used and whether new mechanism should be devised [1]. Since one of the SI objectives is to identify potential impact to all WGs, RAN WG4 sent an LS to RAN1 and RAN2 [2] asking for further technical input to assess further all pros and cons of each method being considered by RAN WG4.
In this discussion paper, we present a short overview of solutions that are being considered by RAN WG4 and provide further technical input to the questions asked by RAN WG4. 

2	Irregular channel bandwidths
Referring to the latest version of 3GPP TR 38.844 [3], RAN WG4 has been considering the following methods for irregular channel bandwidths:
-	Using next larger channel bandwidth;
-	Overlapping channels from the network perspective;
-	Overlapping channels from the UE perspective (multi-cell CA-like approach);
-	Overlapping channels from the UE perspective (one cell approach). 
In the subsequent sub-sections, we provide a short overview of each method answering questions from RAN WG4. 
2.1	Using next larger channel bandwidth
2.1.1	General description
The premise idea of this method is that the system is configured with the larger channel bandwidth than the operator’s spectrum allocation, but the actual number of scheduled RBs is restricted so that it matches the spectrum allocation ensuring sufficiently large guard bands. Figure 2.1.1-1 below illustrates this concept for the case of the 7MHz irregular channel. The network can configure next larger standard 10MHz channel and schedule a sub-set of available RBs so that the effective bandwidth fits the 7MHz allocation accounting for the guard bands. While Figure 2.1.1-1 shows one case with the 7MHz channel, a number of "schedulable" RBs for other irregular channels are captured in [3]. 
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Figure 2.1.1-1: 7MHz allocation and the next larger 10MHz channel (from R4-2112365 Apple).
2.1.2	Discussions
The following questions were asked by RAN WG4 for this method [2]:
	· For the wider CBW:
1. clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
2. confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e. the carrier can extend beyond the low edge of the band and/or the high edge of the band? 



Regarding Question 1, considerations for TDD and FDD system are different as follows: 
· For unpaired spectrum operation, 
· According to clause 12 of TS 38.213, a UE does not expect to receive a configuration where the center frequency for a DL BWP is different than the center frequency for an UL BWP when the BWP-Id of the DL BWP is same as the BWP-Id of the UL BWP. 
· In addition, the following was captured in [4]. According the ‘NOTE 1’, the centre frequency of DL and UL carrier shall match. 
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· For paired spectrum operation, the Tx-Rx frequency separation distance should be ensured to fulfil the requirement currently defined in TS 38.101 [4]. 

On Question #2, our view is that there is no defined UE behaviour for a carrier that is not fully contained in the NR band. Note that this basic assumption was used to establish the Rel-15 BW-related UE capability report e.g., supported maximum bandwidth is reported by UE on a per CC per band per band combination basis and assuming a configured CC to be within a band.  

We therefore propose the following answer for Question #1 and #2: 
Proposal 1: Adopt the following reply for questions related to the ‘wider CBW’:
	RAN4 Question
	Clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.

	RAN1 Answer
	According to clause 12 of TS 38.213 and TS 38.101, for unpaired spectrum operation, the centre frequency shall match for both DL/UL carrier and any DL/UL BWP with a same BWP-ID. 
For paired spectrum operation, the Tx-Rx frequency separation distance requirement currently defined in TS 38.101 should be ensured for UL carrier positions. 

	RAN4 Question
	Confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e., the carrier can extend beyond the low edge of the band and/or the high edge of the band?

	RAN1 Answer
	There is no defined UE behaviour for a carrier that is not fully contained in a NR band. The UE capability of supported maximum bandwidth is defined on a per CC/per Band/Per BC basis, which assumes the indicated BW for a given CC is within a Band.  



2.2	Overlapping channels from the network perspective
2.2.1	General description
In this method several overlapping channels of next lower standard channel bandwidth are combined so that they cover the whole spectrum allocation. As an example, Figure 2.2.1-1 shows a case when two overlapping 5MHz carriers cover the 7MHz channel. It is worth noting that overlapping carriers are placed in such a way that they form a contiguous set of RBs, i.e. overlapping carriers channel raster is chosen in such a way that the carriers are RB aligned. This approach allows the network to use and schedule all RBs in any TTI. In other words, all the RBs can be used from the network point of view. Nevertheless, from an individual UE perspective, each UE is configured with the next lower channel bandwidth following legacy procedures and signalling. For instance, one UE can use the first 5MHz carrier, while another UE can use another carrier. In fact, both UEs can use overlapping part of the spectrum provided that the BS takes care that the overlapping region is allocated to one carrier at a time. 
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Figure 2.1.1-1: 7MHz allocation and two overlapping 5MHz carriers [3]
As already captured in, the network can consider using one or two SSBs to suppport two overlapping carriers. If the overlapping bandwidth between two carriers is large enough (to be more precise, 4.32MHz needed for the SSB/CORESET#0), then a single SSB/CORESET#0 can be placed into a common part of two overlapping channels. However, this approach works only if the overlapping part is larger than 4.32MHz. For instance one SSB/CORESET#0 is not applicable to the 7MHz irregular channel, where two overlapping 5MHz carriers do not have sufficiently large common part. So, some irregular channel bandwidth will needed two SSB/CORESET#0. Furthermore, small irregular channels are not large enough to send two SSBs at the same time and thus some form of time-multiplexing is needed. Table 2.2.1-1 (from TR 38.844) summarises for which irregular channels one or two SSB can be used and whether time multiplexing is needed. 
Table 2.1.1-1: Summary of how many SSB/CORESET#0 needed for different channel bandwidths (from TR 38.844).
	Channel (MHz)
	Number of SSB
	Time multiplexing for 2 SSBs is needed

	6
	1 or 2
	yes

	7
	2
	yes

	11
	1 or 2
	no

	12
	1 or 2
	no

	13
	1 or 2
	no



2.2.2	Discussions
The following questions were asked by RAN WG4 for this method:
	· For the overlapping CBWs from network perspective (one cell approach):
1. clarify whether a single SSB and CORESET (e.g., for cases where irregular BWs >10 MHz where a 4.28 MHz wide initial BWP can be in the common frequency range), can be used to configure UEs with different channel BWs on different parts of the BS channel.  
2. clarify whether two time staggered SSBs and CORESET#0 on the same frequency (when the frequency separation is not enough to send them simultaneously at the same time and thus time staggering is needed) are supported in RAN1/2 specifications so that UEs configured with left and right channels of the next smaller regular size can track their own time staggered SSB and CORESET#0. 




On Question #1, our view that the common frequency range for cases where irregular BWs >10 MHz is at least 6MHz. The SSB BW and minimum BW of CORESET #0 are summarized in Table 2 for 15kHz and 30kHz SCS.
Table 2: The BW of SSB and minimum CORESET#0
	SCS
	SSB@20 PRBs
	Min CORESET #0 @24 PRBs

	15kHz 
	3.6MHz
	4.32MHz

	30kHz 
	7.2MHz
	8.64MHz



Referring to Table 2, a single SSB/CORESET with 15kHz SCS can be placed in the common/overlapping part of two carriers if it is not smaller than 4.32MHz. By using the existing Rel-15 downlinkChannelBW-PerSCS-List IE and uplinkChannelBW-PerSCS-List IE in ServingCellConfig message, gNB has full freedom to configure different UEs with different UE-specific carrier/channel BWs on different part of the BS channel. 
Regarding Question #2, there is no requirement that SSB/CORESETs occasions shall be aligned. It is up to the network implementation to decide how to multiplex them in the time domain. 

Proposal 2: Adopt the following reply for questions related to the overlapping CBWs from network perspective:
	RAN4 Question
	clarify whether a single SSB and CORESET (e.g., for cases where irregular BWs >10 MHz where a 4.28 MHz wide initial BWP can be in the common frequency range), can be used to configure UEs with different channel BWs on different parts of the BS channel.  

	RAN1 Answer
	 A single SSB and CORESET can be transmitted in the common frequency range if the bandwidth of common frequency range is not smaller than the maximum of SSB BW and CORESET BW. The existing Rel-15 downlinkChannelBW-PerSCS-List IE and uplinkChannelBW-PerSCS-List IE in ServingCellConfig message can be used to configure UEs with different channel BWs on different parts of the BS channel.

	RAN4 Question
	clarify whether two time staggered SSBs and CORESET#0 on the same frequency (when the frequency separation is not enough to send them simultaneously at the same time and thus time staggering is needed) are supported in RAN1/2 specifications so that UEs configured with left and right channels of the next smaller regular size can track their own time staggered SSB and CORESET#0. 

	RAN1 Answer
	From RAN1 specification perspective, it is supported to transmit two time-staggered SSBs and CORESET#0s on the same frequency and used by UEs for tracking. In this case, two different NCGI (NR Cell Global ID) are used for two SSBs as in Rel-15. 



2.3	Overlapping channels from the UE perspective (two cells)
2.3.1	General description
Using the overlapping channels/carriers approach to support irregular spectrum is one of the methods without the need of introduction of new dedicated channel bandwidths for both UE and BS. Figure 2.3.1-1 shows overlapping channels/carriers from UE perspective, in which both BS and UE support the intra-band overlapping CA. As can be seen from the second figure, the premise idea of this method is that a UE is configured with two carriers, similarly to the existing CA, but these carriers are overlapping in the frequency domain forming a contiguous set of RBs. From an individual UE perspective, all the RBs from the contiguous set can be scheduled at the same time. Figure 2.3.1-1 also shows that a UE is configured with two bandwidth parts – one for each carrier – so that they do not overlap in the frequency domain.
	





Overlapping CA for gNB
UE3: overlapping CA of CC1 and CC2




CC1: BWP#1 
CC2: BWP#2


Figure 2.3.1-1: Overlapping channels/carriers from the UE perspective [3]



2.3.2	Discussions
The following questions were asked by RAN WG4 for this method:
	· For the overlapping CBWs from UE perspective (two cell approach / CA approach):
1. if two different Bandwidth Parts for the UE are overlapping, and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE, please clarify how does UE report CSI for the overlapped part, e.g., does UE report CSI for each cell separately, or just once for the overlapping part, or something else?
2. clarify how PDCCH reception in overlapped CA when PCell and SCell PDCCH resources partially overlap and whether there are any impacts to cross-carrier scheduling



For both LTE and NR, the minimum guard band between CCs is defined as either 0 (intra-band contiguous CA) or larger than 0. This fundamental rule of non-overlapping across CCs in CA operation serves as a basis for CA related designs since 4G LTE, including CA related protocol design, UE behaviour definition, UE capability reporting as well as baseband/ RF related requirement. 
On Question #1, there is no CSI reporting operation defined for the case that two different Bandwidth Parts in two aggregated CCs for the UE are overlapping and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE. In addition, there is no CSI-RS resource overlapping check at UE side for CSI measurement in CA case according to clause 5.2 in TS 38.214. 
Similarly, there is no UE behaviour defined assuming overlapping PDCCH resource between aggregated CCs. If it happens, a UE performs PDCCH monitoring for each cell separately according to clause 10.1 in TS 38.213. There is no impact on cross-carrier scheduling operation as it is operated based on the value of CIF field in a detected DCI.   

We therefore propose the following: 
Proposal 3: Adopt the following reply for questions related to the Overlapping channels from the UE perspective (two cells)
	RAN4 Question
	if two different Bandwidth Parts for the UE are overlapping, and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE, please clarify how does UE report CSI for the overlapped part, e.g., does UE report CSI for each cell separately, or just once for the overlapping part, or something else?


	RAN1 Answer
	Overlapping resources across different CCs are not assumed in the current CA operation and there is no UE behaviour defined for this use case in general. This is also proved by the values of minimum guard band defined in TS 38.101. 
There is no CSI reporting operation intended for the case that two different Bandwidth Parts in two aggregated CCs for the UE are overlapping and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE. UE is not required to perform check on CSI-RS resource overlapping for CSI measurement in CA case according to the clause 5.2 in TS 38.214

	RAN4 Question
	clarify how PDCCH reception in overlapped CA when PCell and SCell PDCCH resources partially overlap and whether there are any impacts to cross-carrier scheduling

	RAN1 Answer
	There is no UE behaviour defined assuming overlapping PDCCH resource between aggregated CCs. 




2.4	Overlapping channels from the UE perspective (one cell)
2.4.1	General description
In this solution the considered irregular spectrum blocks is covered by two "RF carriers": "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 RB aligned to the "main RF" carrier. The "main RF" carrier and the "additional RF" carrier are treated as single cell, i.e. one carrier from baseband perspective, to allow for a single BWP to cover studied spectrum block. 
2.4.2	Discussions
The following questions were asked by RAN WG4 for this method:
	· For the overlapping CBWs from UE perspective (one cell approach):
· Is it possible to configure the UE with a dedicated carrierBandwidth in the ServingCellConfig that is wider than/partially outside the carrierBandwidth configured in SIB1?
· Clarify for equalization purposes in the DL, does the BS need to know the split between the subset of PRBs from a main RF carrier versus PRBs from an additional RF carrier are received on different channel/antenna before combining. If pre-coding assumes all PRBs experience the same channel/antenna, is signalling required so that BS pre-coding can account for the path differences of main carrier PRBs and additional carrier PRBs.




For Question #1, the downlinkChannelBW-PerSCS-List IE and uplinkChannelBW-PerSCS-List IE in ServingCellConfig message were originally proposed and approved in RP-182896 in RAN plenary 82 meeting. The motivation/justification is to configure UE bandwidth within a wider CC that UE does not support such that the regulatory requirement would be met by the UE, which is detailed as follows:
· A UE does not support the wider cell-specific carrier BW broadcasted in SIB1, and 
· The UE still access the cell via initial BWP whose channel BW is smaller than the cell-specific carrier BW and smaller than at least one CC bandwidth supported by the UE. 
In other words, the IEs were introduced intendedly to configure a UE-dedicated CC within a carrierBandwidth configured in SIB1, instead of wider than/partially outside the carrierBandwidth configured in SIB1, although the current signaling framework literally supports this. 
For Question #2, if different RFs are used for receiving the RBs within SIB1-configured carrier BW and RBs outside SIB1-configured carrier BW, it is required to let BS know for DL pre-coding operation. On the other hand, if a single RF is used for reception, no BS pre-coding handling is required. 
We therefore propose the following:
 
Proposal 4: Adopt the following reply for questions related to the overlapping channels from the UE perspective (One cell)
	RAN4 Question
	· Is it possible to configure the UE with a dedicated carrierBandwidth in the ServingCellConfig that is wider than/partially outside the carrierBandwidth configured in SIB1?


	RAN1 Answer
	The downlinkChannelBW-PerSCS-List IE and uplinkChannelBW-PerSCS-List IE in ServingCellConfig message were introduced to configure UE-dedicated bandwidth within a wider SIB1-configured CC that UE does not support. It is not intended to be used to configure the UE with a dedicated carrierBandwidth that is wider than/partially outside the carrierBandwidth configured in SIB1

	RAN4 Question
	· Clarify for equalization purposes in the DL, does the BS need to know the split between the subset of PRBs from a main RF carrier versus PRBs from an additional RF carrier are received on different channel/antenna before combining. If pre-coding assumes all PRBs experience the same channel/antenna, is signalling required so that BS pre-coding can account for the path differences of main carrier PRBs and additional carrier PRBs.


	RAN1 Answer
	If different RFs are used for receiving the RBs within SIB1-configured carrier BW and RBs outside SIB1-configured carrier BW, it is required to let BS know for DL pre-coding operation. On the other hand, if a single RF is used for reception, no BS pre-coding handling is required.




Based on the discussion in this contribution, we have prepared a draft reply LS in R1-2110011. 


3	Conclusions
Based on the discussion in the previous sections we propose the following:

Proposal 1: Adopt the following reply for questions related to the ‘wider CBW’:
	RAN4 Question
	Clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.

	RAN1 Answer
	According to clause 12 of TS 38.213 and TS 38.101, for unpaired spectrum operation, the centre frequency shall match for both DL/UL carrier and any DL/UL BWP with a same BWP-ID. 
For paired spectrum operation, the Tx-Rx frequency separation distance requirement currently defined in TS 38.101 should be ensured for UL carrier positions. 

	RAN4 Question
	Confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e., the carrier can extend beyond the low edge of the band and/or the high edge of the band?

	RAN1 Answer
	There is no defined UE behaviour for a carrier that is not fully contained in a NR band. The UE capability of supported maximum bandwidth is defined on a per CC/per Band/Per BC basis, which assumes the indicated BW for a given CC is within a Band.  



Proposal 2: Adopt the following reply for questions related to the overlapping CBWs from network perspective:
	RAN4 Question
	clarify whether a single SSB and CORESET (e.g., for cases where irregular BWs >10 MHz where a 4.28 MHz wide initial BWP can be in the common frequency range), can be used to configure UEs with different channel BWs on different parts of the BS channel.  

	RAN1 Answer
	 A single SSB and CORESET can be transmitted in the common frequency range if the bandwidth of common frequency range is not smaller than the maximum of SSB BW and CORESET BW. The existing Rel-15 downlinkChannelBW-PerSCS-List IE and uplinkChannelBW-PerSCS-List IE in ServingCellConfig message can be used to configure UEs with different channel BWs on different parts of the BS channel.

	RAN4 Question
	clarify whether two time staggered SSBs and CORESET#0 on the same frequency (when the frequency separation is not enough to send them simultaneously at the same time and thus time staggering is needed) are supported in RAN1/2 specifications so that UEs configured with left and right channels of the next smaller regular size can track their own time staggered SSB and CORESET#0. 

	RAN1 Answer
	From RAN1 specification perspective, it is supported to transmit two time-staggered SSBs and CORESET#0s on the same frequency and used by UEs for tracking. In this case, two different NCGI (NR Cell Global ID) are used for two SSBs as in Rel-15. 



Proposal 3: Adopt the following reply for questions related to the Overlapping channels from the UE perspective (two cells)
	RAN4 Question
	if two different Bandwidth Parts for the UE are overlapping, and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE, please clarify how does UE report CSI for the overlapped part, e.g., does UE report CSI for each cell separately, or just once for the overlapping part, or something else?


	RAN1 Answer
	Overlapping resources across different CCs are not assumed in the current CA operation and there is no UE behaviour defined for this use case in general. This is also proved by the values of minimum guard band defined in TS 38.101. 
There is no CSI reporting operation intended for the case that two different Bandwidth Parts in two aggregated CCs for the UE are overlapping and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE. UE is not required to perform check on CSI-RS resource overlapping for CSI measurement in CA case according to the clause 5.2 in TS 38.214

	RAN4 Question
	clarify how PDCCH reception in overlapped CA when PCell and SCell PDCCH resources partially overlap and whether there are any impacts to cross-carrier scheduling

	RAN1 Answer
	There is no UE behaviour defined assuming overlapping PDCCH resource between aggregated CCs. 



Proposal 4: Adopt the following reply for questions related to the overlapping channels from the UE perspective (One cell)
	RAN4 Question
	· Is it possible to configure the UE with a dedicated carrierBandwidth in the ServingCellConfig that is wider than/partially outside the carrierBandwidth configured in SIB1?


	RAN1 Answer
	The downlinkChannelBW-PerSCS-List IE and uplinkChannelBW-PerSCS-List IE in ServingCellConfig message were introduced to configure UE-dedicated bandwidth within a wider SIB1-configured CC that UE does not support. It is not intended to be used to configure the UE with a dedicated carrierBandwidth that is wider than/partially outside the carrierBandwidth configured in SIB1

	RAN4 Question
	· Clarify for equalization purposes in the DL, does the BS need to know the split between the subset of PRBs from a main RF carrier versus PRBs from an additional RF carrier are received on different channel/antenna before combining. If pre-coding assumes all PRBs experience the same channel/antenna, is signalling required so that BS pre-coding can account for the path differences of main carrier PRBs and additional carrier PRBs.


	RAN1 Answer
	If different RFs are used for receiving the RBs within SIB1-configured carrier BW and RBs outside SIB1-configured carrier BW, it is required to let BS know for DL pre-coding operation. On the other hand, if a single RF is used for reception, no BS pre-coding handling is required.
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Table 5.3.6-2: TDD asymmetric UL and DL channel bandwidth combinations

NR Band Channel Channel
bandwidths for UL | bandwidths for DL
(MHz) (MHz)
n50 80

60
NOTE 1: Both centre frequency and BWP-ID shall match
between DL and UL cariers as defined in TS
38.331 [7] cl. 6.3.2 and TS 38.213 [8] clause 12.
NOTE 2: In a case a UE is configured with a full width of
BWP within both UL/ DL channels, the centre
frequency of UL/ DL channels shall be same.
NOTE 3: A position of Point A is common between UL and
DL carriers as defined in TS 38.331 [7] cl. 6.3.2.
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