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1. Introduction
During RAN4#100-e meeting, RAN4 sent an LS to RAN1 and RAN2 on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths [1]. RAN4 asked RAN1 and RAN2 to check the spec impacts for the four potential solutions for efficient utilization of irregular bandwidths.
In this contribution, we provide our analysis and views on the four solutions mentioned in RAN4 LS. 
2. Discussion 
In RAN4 LS, the following four solutions are mentioned:
Solution#1: Wider CBW
According to TR 38.844, Solution#1 is illustrated in figure 1 (take 7MHz NR cell as an example).


Figure 1 Illustration of Solution#1
The network advertises the cell specific channel BW is 10MHz in system information (so that 10MHz capable UEs can select and camp on the cell), but the actual number of scheduled RBs is restricted to 7MHz so that it matches the actual spectrum allocation. After UE enters the cell, the UE will be configured with 10MHz UE specific channel bandwidth, but the active BWP will be less or equal to 7MHz which is compatible to the real network operation bandwidth. 
Regarding Solution#1, the following questions are asked by RAN4:
	· For the wider CBW:
·  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.
·  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? 


The first question relates the definition of uplinkChannelBW-PerSCS-List in TS 38.331 (pasted below): 
	uplinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in UplinkConfigCommon / UplinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].


As we can see, RAN2 only defines the configuration of uplink UE channel BW should be aligned with values defined in RAN4 specs, but there is no additional limitation in RAN2 related to the UL carrier position in symmetric bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth. For TDD operation, RAN2 only specifies the BWP pair (UL BWP and DL BWP have the same bwp-Id) should have the same center frequency, but there is no such limitation on the configuration of UL/DL UE specific channel bandwidth. But in our understanding, network configures carriers follow the limitation defined in RAN4 spec. 
Observation 1: In RAN2 specification, there is no limitation on the UL carrier position for UE specific channel bandwidth in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
For the second question, we think the common understanding in RAN2 is that any configured carrier should be fully contained in corresponding NR band, RAN2 haven’t discussed the UE behaviour if the carrier is extended beyond the low/high edge of the band. On the contrary, such configuration should be regarded as invalid configuration from RAN2 point of view.                                                                     
Observation 2: From RAN2 perspective, configuring a carrier that is not fully contained in the NR band can be regarded as invalid configuration, and it is unclear how UE behaves in such case. 
Solution#2: Overlapping CBWs from network perspective (one cell approach)
According to TR 38.844, Solution#2 is illustrated in Figure 2 (take 7MHz NR cell as an example):


Figure 2 Illustration of Solution#2
Compare to Solution#1, for a given UE in Solution#2, the maximum bandwidth can be configured (e.g. 5MHz) is less than the actual network bandwidth. And different UEs can be configured with different uplink carrier positions. The maximum throughput for a single UE will be less than the UE in Solution#1, but from network perspective, network can still use the whole irregular channel bandwidth.  
For Solution#2, the following questions are asked by RAN4:
	· For the overlapping CBWs from network perspective (one cell approach):
· 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.  
· 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. 


For the first question, when UE is in RRC_IDLE or RRC_INACTIVE state, the UE monitors SSB, Paging and SIBs, and SIBs/Paging are sent within the bandwidth of CORESET#0. After UE enters RRC_CONNECTED state, the UE will operate on BWP, and will be configured with UE specific channel BW. From RAN2 perspective, it is feasible to configure UEs with different channel BWs on different parts of the BS channel. 
Observation 3: From RAN2 perspective, RRC_CONNECTED UEs are configured with UE specific channel bandwidth through dedicated signalling, so even if single SSB and CORESET are deployed, it is feasible to configure UEs with different channel BWs on the different parts of the BS channel.
For the second question, the position of SSB and CORESET#0 in time domain is manly RAN1 design, according to RAN1 response in [2], RAN1 already confirms the feasibility of time-staggered SSBs and CORESET#0. From RAN2 perspective, RAN2 specifications indeed do not prohibit such configuration, but the two SSBs and CORESET#0 should be associated to different SIB1, therefore, different NCGI will be broadcast. From UE perspective, the two time-staggered SSBs represent different cells. 
Observation 4: From RAN2 perspective, RAN2 specification does not prohibit network to transmit two staggered SSBs and CORESET#0, but the two SSBs and CORESET#0 should be associated to separate SIB1 (with different NCGI), so from UE perspective, they are two different cells. 
Solution#3: Overlapping CBWs from UE perspective (two cell approach / CA approach)
According to TS 38.344, solution #3 is illustrated in Figure 3 (take 7MHz NR cell as an example):


Figure 3 Illustration of Solution#3
For solution#3, network can split the BS bandwidth into two separate cells, and UE is configured with both two cells (e.g. CA). Since SSB-less SCell is supported, it is possible to configure SSB in one cell, and the other cell only acts as a SCell. From signalling point of view, this solution can already be supported in RRC signalling. However, in current specification, no UE capability was defined for indicating the support of intra-band overlapping CA (as also indicated in RAN1’s response). So technically, UE is not assumed to support this scenario even if the UE supports intra-band CA. 
For Solution#3, the following questions are asked by RAN4:
	· For the overlapping CBWs from UE perspective (two cell approach / CA approach):
· 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?
· 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


In our view, the two questions are not RAN2 related, considering RAN1 already provided their answer, in RAN2’s response, we suggest to simply echo the concern on UE capability aspect.  
Solution#4: Overlapping CBWs from UE perspective (one cell approach)
According to TS 38.344, solution #4 is illustrated in Figure 4 (take 7MHz NR cell as an example):


Figure 4 Illustration of Solution#4
Solution#4 only works when UE is equipped with (at least) two RF chains. For example, the RF#1(main RF ) is configured with lower 5MHz bandwidth and the FR#2 (additional RF) is configured with higher 5MHz bandwidth. From network perspective, there is still one 7MHz cell. And from UE perspecive, the two RF carriers are treated as a single cell.
For solution#4, the following questions are asked by RAN4:
	· 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 the first question, the SCS-specificCarrierList in SIB1 is cell specific that is treated as cell/BS bandwidth, and after obtains UE capability, network will configure UE specific channel BW to UE. In current RAN4 spec, it defines the following principle:
TS 38.101-1 Section 5.3.1
The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth.
Based on this, network is not allowed to configure UE specific channel BW wider than or partially outside the BS channel bandwidth. So, our answer to the first question is “No”. 
Observation 5: Based on the principle in RAN4 spec, network should ensure the configured UE specific channel bandwidth is completely within the BS channel bandwidth.
For the second question, we think RAN2 function does not need to know the split of PRBs between the two RFs, if it is still treated as a single cell, so RAN4 can rely on the response from RAN1. 
Based on above analysis on solution#1~4, we have provided our draft reply in [3].
Proposal 1: Approve the draft reply LS in [3].
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: In RAN2 specification, there is no limitation on the UL carrier position for UE specific channel bandwidth in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
Observation 2: From RAN2 perspective, configuring a carrier that is not fully contained in the NR band can be regarded as invalid configuration, and it is unclear how UE behaves in such case. 
Observation 3: From RAN2 perspective, RRC_CONNECTED UEs are configured with UE specific channel bandwidth through dedicated signalling, so even if single SSB and CORESET are deployed, it is feasible to configure UEs with different channel BWs on the different parts of the BS channel.
Observation 4: From RAN2 perspective, RAN2 specification does not prohibit network to transmit two staggered SSBs and CORESET#0, but the two SSBs and CORESET#0 should be associated to separate SIB1 (with different NCGI), so from UE perspective, they are two different cells. 
Observation 5: Based on the principle in RAN4 spec, network should ensure the configured UE specific channel bandwidth is completely within the BS channel bandwidth.
Proposal 1: Approve the draft reply LS in [3].
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