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1	Introduction
[bookmark: _Toc67770514]RAN4 has a currently ongoing study item that is looking into efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths[1]. RAN4 has sent RAN1 and RAN2 an LS with some questions related to their study[2].
2	Discussion
To avoid ending up in the same situation as in LTE, where introducing new channel bandwidths was not possible in a backwards compatible way, NR was from the start in Rel- 15 designed to handle later introduction of new channel bandwidths where UEs supporting different channel bandwidth should be allowed to coexist on the same carrier. This is summarized in TS 38.101-1 as:
From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.
However, introduction of new channel bandwidths is still associated with significant RAN4 work. Hence, the efficient utilization study in RAN4 targets increasing the efficiency in unaligned spectrum allocations without having to add additional channel bandwidths.
As indicated in the LS, RAN4 are discussing multiple ways of supporting bandwidths not aligned with existing NR channel bandwidths. These are discussed in the following. More information can be found in the study item TR 38.844[3].
2.1	Wider channel bandwidth
2.1.1	Description
Here, the network channel bandwidth and each UEs BWP bandwidth is set to the next larger RAN4 specified channel bandwidth, but only the resource blocks within the available channel bandwidth are used. In the example below the available channel bandwidth is 7 MHz and the UEs are configured with 10 MHz BWP.
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Figure 1: Widening channel bandwidth using the next larger channel bandwidth
This is similar to a previous case discussed in RAN1, where the operator had a legacy system occupying parts of the 10 MHz allocation where a solution was needed that neither required additional channel bandwidths nor BWP bandwidths to be defined with the channel bandwidths defined by RAN4. Planning is needed from the operator side to avoid interference caused by the UE receive and transmit filters being wider that the channel bandwidth. 
2.1.2	Questions from RAN4:
Q1: 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.
Answer: RAN1 specifications do not contain any such limitations.
Q2: 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?
Answer: Firstly, RAN1 specifications are to a as large extent as possible, band agnostic. Secondly, the carrier configurations signaled in SIB is just defining the resource grid and should not be used to place the UE’s receiver or transmit filters. Hence, from RAN1 perspective configuring the carrier with resource blocks outside the band is fine as long as the resource blocks outside the band are in the end not used for transmission. Similar blanking of resource blocks within a UE’s BWP part has been discussed earlier in RAN1, section 2 in [4].
2.2 	Overlapping channel bandwidths from network perspective (one cell approach)
2.2.1	Description
Here, the network is using the full channel bandwidth available, but one UE is only allocated the largest supported channel bandwidth that is less than the full channel bandwidth available. In the example below the available channel bandwidth is 13 MHz and the UEs are configured with 10 MHz BWP
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Figure 2: Widening channel bandwidth using overlapping carrier
The disadvantage here is that one UE is not able to receive the full band.
2.2.2	Questions from RAN4
Q1: 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.  
Answer: In idle mode, all UEs “camp” on the same initial BWP. Once connected, each UE will be configured to different parts of the carrier using BWP. For sync purposes in connected mode, a single SSB is enough if a SSB position can be found that allows two UEs placed at either end of the frequency allocation to still receive the SSB.
Q2: 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.
Answer: As long as the center frequencies of the two SSB are not the same, which is assumed needed serve these UEs, there are no specification limitation on the number of SSB that can be transmitted on a carrier other than adding overhead. 

2.3	Overlapping channel bandwidths from UE perspective (two cell approach / CA approach)
2.3.1	Description
To access the full bandwidth available, carrier aggregation is used where the two carriers can overlap each other and where each carrier channel bandwidth corresponding to a channel bandwidth supported by the UE. Two RF branches are then used to cover the full bandwidth. 
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Figure 3: Overlapping channel bandwidths from UE perspective (two cell approach / CA approach) 

2.3.2	Questions from RAN4
Q1:  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?
Answer: Our understanding is that normal CA-operation applies where reporting would be per cell with any subband reporting as supported by the specifications.
Q2: 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
Answer: Again, our understanding is that normal CA-operation applies. Hence, scheduling of an SCell would either require configuring a UE-specific CORESET on the SCell or cross scheduling the SCell from the PCell. 
2.4	Overlapping channel bandwidths from UE perspective (one cell approach)
2.4.1	Description
From an RF perspective this proposal is similar to the CA proposal above, where two RF branches are placed with partial overlap to cover the full bandwidth, but rather than configuring CA once in connected mode, the UE is configured with a BWP corresponding to the full bandwidth. While not requiring defining new channel bandwidth, it does require the UE to support a BWP bandwidth that is different from the RAN4 defined channel bandwidths.
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Figure 4: Overlapping channel bandwidths from UE perspective (one cell approach) 

2.4.2	Questions from RAN4
Q1:  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?
Answer: Our understanding is that this is not possible. RAN2 specifications specifically rules out indicating a different resource grid in dedicated signaling, but this should be confirmed by RAN2. Additionally, RAN1 specifications rule out BWP bandwidths that are not contained within the carrier bandwidth, TS 38.211 clause 4.4.5.
Q2: 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.
Answer: Since the OFDM signal generation in TS 38.211, clause uses the parameters for the carrier resource grid, given by SCS-SpecificCarrier. defining an additional carrier will result that for the same subcarrier the signal generated in the additional carrier will be different compared to the signal generated for the original carrier. Hence, the overlapping region will have an ambiguous OFDM signal definition.
Overall, of the proposals discussed in RAN4, while the other proposals seem to have little impact on RAN1 and RAN2 specifications, this proposal clearly has significant impact on RAN1 and RAN2 specifications. 
[bookmark: _Toc84018649]While the other proposals being discussed in RAN4 seem to have little impact on RAN1, single cell with overlapping channel bandwidths from a network perspective clearly has significant impact on RAN1 and RAN2 specifications.
3	Conclusion
In this contribution we discussed the different proposals under discussion in RAN4 on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths, including providing draft answers to the questions asked in the RAN4 LS[2].
We made one observation:
Observation 1	While the other proposals being discussed in RAN4 seem to have little impact on RAN1, single cell with overlapping channel bandwidths from a network perspective clearly has significant impact on RAN1 and RAN2 specifications.
RAN1 should further discuss the answers with the goal to provide a reply LS to RAN1 during RAN1#106bis-e.
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