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1	Introduction
[bookmark: _Ref178064866]This contribution discusses the possible RAN2 reply to the questions from RAN4 LS (R4-2114751) on specification impact for methods on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths, while further considering the RAN1 reply (R1-2110584) to the same questions.
2	Discussion
2.1	Union of configured BWP-bandwidths
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 [1].
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.


Figure 1: Widening channel bandwidth using the next larger 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.

As pointed out by RAN1 in their reply, for TDD bands an UL BWP and corresponding DL BWP must have the same center frequency, which is also captured in TS 38.331:
BWP information element
-- ASN1START
-- TAG-BWP-START

BWP ::=                             SEQUENCE {
    locationAndBandwidth                INTEGER (0..37949),
    subcarrierSpacing                   SubcarrierSpacing,
    cyclicPrefix                        ENUMERATED { extended }                                                 OPTIONAL    -- Need R
}

-- TAG-BWP-STOP
-- ASN1STOP

	BWP field descriptions

	cyclicPrefix
Indicates whether to use the extended cyclic prefix for this bandwidth part. If not set, the UE uses the normal cyclic prefix. Normal CP is supported for all subcarrier spacings and slot formats. Extended CP is supported only for 60 kHz subcarrier spacing. (see TS 38.211 [16], clause 4.2). Except for SUL, the network ensures the same cyclic prefix length is used in active DL BWP and active UL BWP within a serving cell.

	locationAndBandwidth

Frequency domain location and bandwidth of this bandwidth part. The value of the field shall be interpreted as resource indicator value (RIV) as defined TS 38.214 [19] with assumptions as described in TS 38.213 [13], clause 12, i.e. setting =275. The first PRB is a PRB determined by subcarrierSpacing of this BWP and offsetToCarrier (configured in SCS-SpecificCarrier contained within FrequencyInfoDL / FrequencyInfoUL / FrequencyInfoUL-SIB / FrequencyInfoDL-SIB within ServingCellConfigCommon / ServingCellConfigCommonSIB) corresponding to this subcarrier spacing. In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same center frequency (see TS 38.213 [13], clause 12)

	subcarrierSpacing
Subcarrier spacing to be used in this BWP for all channels and reference signals unless explicitly configured elsewhere. Corresponds to subcarrier spacing according to TS 38.211 [16], table 4.2-1. The value kHz15 corresponds to µ=0, value kHz30 corresponds to µ=1, and so on. Only the values 15 kHz, 30 kHz, or 60 kHz (FR1), and 60 kHz or 120 kHz (FR2) are applicable. For the initial DL BWP and operation in licensed spectrum this field has the same value as the field subCarrierSpacingCommon in MIB of the same serving cell. Except for SUL, the network ensures the same subcarrier spacing is used in active DL BWP and active UL BWP within a serving cell. For the initial DL BWP and operation with shared spectrum channel access, the value of this field corresponds to the subcarrier spacing of the SSB associated to the initial DL BWP.



Furthermore, only channel bandwidth values defined by RAN4 can be configured by the network. 
	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].



Furthermore, TS 38.306 includes the following capability which indicates the asymmetric channel bandwidth combinations supported by the UE for a band:
	asymmetricBandwidthCombinationSet
Defines the supported asymmetric channel bandwidth combination for the band as defined in the TS 38.101-1 [2]. Field encoded as a bit map, where bit N is set to "1" if UE support asymmetric channel bandwidth combination set N for this band as defined in the TS 38.101-1 [2]. The leading / leftmost bit (bit 0) corresponds to the asymmetric channel bandwidth combination set 1, the next bit corresponds to the asymmetric channel bandwidth combination set 2 and so on. UE shall support asymmetric channel bandwidth combination set 0. If the field is absent, the UE supports asymmetric channel bandwidth combination set 0.
	Band
	No
	N/A
	N/A



Hence, the UE has means to indicate which asymmetric channel bandwidth combination sets it supports and thus no limitation is explicitly included in the signaling – however, those sets are defined by RAN4 and may contain further limitations in their definition.

Answer: For TDD bands an UL BWP and corresponding DL BWP must have the same center frequency, for FDD bands, this limitation is not present. The UL carrier position may be further limited by the channel bandwidth, since the network can only configure channel bandwidth values defined by RAN4. 

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: From configuration perspective, the carrier configurations signaled in SIB are just defining the resource grid and should not be used to place the UE’s receiver or transmit filters. From UE capabilities perspective, the signaling has different granularities, which include per band signaling, and per band per band combination signaling. Such design takes into account what the UE supports for a certain band, and does not account the UE support for a carrier that is not fully contained in the NR band.

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


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.  

RAN1 provided the following input to this question: 
In idle mode and inactive state, all UEs “camp” on the same initial BWP. Once connected, each UE can be configured to different parts of the carrier using a dedicated BWP. A single SSB is enough if a SSB position can be found that allows two UEs placed at either end of the frequency allocation and still receive the SSB within their respective dedicated BWPs, obviously as long as the configuration on each cell in this “one cell” approach is configured in compliance with the RAN1/2/4 specifications
There is no limitation in RRC that would prevent the above description from RAN1 (i.e. considering the clarification that such configuration would anyway be compliant with RAN1/2/4 specifications). 

Answer: As indicated by RAN1, 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 within their respective dedicated BWPs.

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: The RAN2 specifications do not limit the configuration two time-staggered SSBs and CORESET#0 on the same frequency.

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. 


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?

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

As RAN1 indicated in their reply for this question, the gNB scheduler is responsible for avoiding collisions of different transmissions as a network restriction for the overlapping part with overlapped CA including cross-carrier scheduling as well. Hence, in principle the behaviour above should be possible. 
From UE capability perspective, the FeatureSetUplink/FeatureSetDownlink IEs include a set of FeatureSetUplinkPerCC-Ids/ FeatureSetDownlinkPerCC-Ids. The number of these per-CC IDs determines the number of carriers that the UE is able to aggregate contiguously in frequency domain for a band entry within the associated BandCombination (further limited also by the bandwidth class indicated in the associated BandCombination). However, such design does not account for overlapping bands, which would thus require additional signaling to indicate support for overlapping intra-band-CA.

Answer: New UE capability signaling would be required to indicate support for overlapping CA.

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.


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?

The bandwidth configured for a BWP is provided with relation to the resource grid from ServingCellConfigCommon and ServingCellConfigCommonSIB:
BWP information element
-- ASN1START
-- TAG-BWP-START

BWP ::=                             SEQUENCE {
    locationAndBandwidth                INTEGER (0..37949),
    subcarrierSpacing                   SubcarrierSpacing,
    cyclicPrefix                        ENUMERATED { extended }                                                 OPTIONAL    -- Need R
}

-- TAG-BWP-STOP
-- ASN1STOP

	BWP field descriptions

	cyclicPrefix
Indicates whether to use the extended cyclic prefix for this bandwidth part. If not set, the UE uses the normal cyclic prefix. Normal CP is supported for all subcarrier spacings and slot formats. Extended CP is supported only for 60 kHz subcarrier spacing. (see TS 38.211 [16], clause 4.2)

	locationAndBandwidth
Frequency domain location and bandwidth of this bandwidth part. The value of the field shall be interpreted as resource indicator value (RIV) as defined TS 38.214 [19] with assumptions as described in TS 38.213 [13], clause 12, i.e. setting [image: ]=275. The first PRB is a PRB determined by subcarrierSpacing of this BWP and offsetToCarrier (configured in SCS-SpecificCarrier contained within FrequencyInfoDL / FrequencyInfoUL / FrequencyInfoUL-SIB / FrequencyInfoDL-SIB within ServingCellConfigCommon / ServingCellConfigCommonSIB) corresponding to this subcarrier spacing. In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same center frequency (see TS 38.213 [13], clause 12)



The above specification text states that a dedicated carrierBandwidth provided in ServingCellConfig cannot indicate a wider than/partially outside the carrierBandwidth as configured in SIB1. 
Furthermore, the ServingCellConfigCommon is described by:
ServingCellConfigCommon
The IE ServingCellConfigCommon is used to configure cell specific parameters of a UE's serving cell. The IE contains parameters which a UE would typically acquire from SSB, MIB or SIBs when accessing the cell from IDLE. With this IE, the network provides this information in dedicated signalling when configuring a UE with a SCells or with an additional cell group (SCG). It also provides it for SpCells (MCG and SCG) upon reconfiguration with sync.
ServingCellConfigCommon information element
-- ASN1START
-- TAG-SERVINGCELLCONFIGCOMMON-START

ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M
    supplementaryUplinkConfig           UplinkConfigCommon                                                  OPTIONAL,   -- Need S
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                                   OPTIONAL,   -- Need S
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB
    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                            OPTIONAL, -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern   OPTIONAL, -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId OPTIONAL, -- Need N
    ssbSubcarrierSpacing                SubcarrierSpacing                                                   OPTIONAL, -- Cond HOAndServCellWithSSB
    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                              OPTIONAL, -- Cond TDD
    ss-PBCH-BlockPower                  INTEGER (-60..50),
    ...,
    [[
    channelAccessMode-r16               CHOICE {
        dynamic                             NULL,
        semiStatic                          SemiStaticChannelAccessConfig-r16
    }                                                                                                       OPTIONAL, -- Cond SharedSpectrum
    discoveryBurstWindowLength-r16          ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5}                   OPTIONAL, -- Need R
    ssb-PositionQCL-r16                     SSB-PositionQCL-Relation-r16                                    OPTIONAL, -- Cond SharedSpectrum
    highSpeedConfig-r16                     HighSpeedConfig-r16                                             OPTIONAL  -- Need R
    ]]
}

-- TAG-SERVINGCELLCONFIGCOMMON-STOP
-- ASN1STOP

which in turn contains downlinkConfigCommon field that states explicitly that such parameters should match the parameters configured by MIB and SIB1 of the serving cell.  
	downlinkConfigCommon
The common downlink configuration of the serving cell, including the frequency information configuration and the initial downlink BWP common configuration. The parameters provided herein should match the parameters configured by MIB and SIB1 (if provided) of the serving cell, with the exception of controlResourceSetZero and searchSpaceZero which can be configured in ServingCellConfigCommon even if MIB indicates that they are absent.



Answer: This case is not possible in the RAN2 signaling, since the dedicated configuration in ServingCellConfig does not determine the resource grid, which is determined by the parameters in ServingCellConfigCommon and ServingCellConfigCommonSIB.

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.

It is currently unclear which impacts to RAN2 would be expected. Note that RAN1 already replied to this question stating that it did not evaluate this aspect.

Answer: Impact to RAN2 is unclear, it may depend on RAN1 evaluation of this aspect.  


[bookmark: _Toc85718739]Reply the RAN4 LS on utilization of licensed spectrum that is not aligned with existing NR channel bandwidths based on the analysis above. 
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Reply the RAN4 LS on utilization of licensed spectrum that is not aligned with existing NR channel bandwidths based on the analysis above.
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