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Discussion and Decision
1
Introduction
The feature of BWP is agreed to be introduced in R15 before Dec.17 at RAN#77.  Lots of agreements are achieved up to now.  Four important terminologies/concepts to facilitate the function of BWP are introduced in RAN1:
· Cell defining SS Blocks

· Default DL BWP (for paired spectrum, i.e. FDD) or default DL/UL BWP pair (for unpaired spectrum, i.e. TDD)

· Initial active BWP (for PCell)

· First active BWP (for SCell)

The following agreements are made for the above 4 concepts at RAN1 and RAN2:

Agreements for cell defining SS Blocks:
RAN1 NR_03:

· From UE perspective, a cell is associated with a single SS block

· Note: The cell defining SS block has an associated RMSI

· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier

RAN2#99bis:

3
For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')

4
Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

=>
Can be discussed after Dec 17 or in a future release whether further optimisation is needed for change of SS block location in frequency (but with no change to PCI and no change in SFN) to be changed by RRC reconfiguration of physical layer parameters with no L2 involvement.
Agreements for Default DL BWP or Default DL/UL BWP pair:

RAN1#90bis:

· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP 

· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP 
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP

· FFS other cases

· A UE switches its active DL BWP to the default DL BWP when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair

· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair

· FFS other cases

· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· FFS the range and granularity of the timer

· For PCell, the default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE

· If no default DL BWP is configured, the default DL BWP is the initial active DL BWP 
· For an SCell, a UE can be configured with the following:

· a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, along with a default DL BWP (or the default DL/UL BWP pair) which is used when the timer is expired 

· The default DL BWP can be different from the first active DL BWP

RAN2#99bis:

1
RAN2 confirms, a new timer (BWP inactivity timer) is introduced to switch active BWP to default BWP after a certain inactive time.  BWP inactivity timer in independent from the DRX timers.  
Agreements for Initial active BWP:
RAN1#90:

· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

RAN1#90bis:

· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delievering RMSI are confined within the initial active DL BWP

Agreements for First active BWP:

RAN1#90bis:

· For an SCell, RRC signaling for SCell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP when the SCell is activated

· NR supports SCell activation signaling that doesn’t contain any information related to the first active DL/UL BWP 
· For an SCell, active DL BWP and/or UL BWP are deactivated when the SCell is deactivated

· Note: it’s RAN1 ‘s understanding that SCell can be deactivated by an SCell timer

In this contribution, the further impact on RAN2 based on the latest agreements in RAN1 and RAN2 will be further analyzed.
2
Discussion
In LTE, the carrier (centre) frequency coincided with the PSS/SSS (centre) frequency. So the EARFCN defined for specifying a carrier frequency in LTE refers to both carrier frequency and synchronization signal frequency raster. However, in NR, the carrier (centre) frequency doesn’t necessarily coincide with the SS Block frequency location. Meanwhile, there can be multiple SS Block frequency locations within a cell, especially for a cell operating with a wideband carrier. At RAN1 NR_03, it has already agreed that from UE perspective, a cell is associated with a single SS block (cell defining SS block) no matter how many SS blocks are there within the bandwidth of the cell. And based on this agreement, RAN2 agreed that the cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurement. 
In LTE, when NW issues a handover command or adds a PSCell or SCell to the UE, the PCI and carrier frequency will be indicated to the UE. The similar mechanism is inherited from LTE in the draft TS 38.331 [1]. The physCellId and frequencyInfoDL is informed to the UE in the ServingCellConfigCommon as following:
ServingCellConfigCommon ::=

SEQUENCE {


-- Parameters identifying the target cell (synchronous reconfiguration (HO), SCell addition, PSCell addition)


-- FFS: Need to indicate initial BWP here?


-- FFS: Update the following based on input from RAN1 and RAN4


physCellId






PhysCellId











OPTIONAL, -- Cond HOAndSCellAdd,


frequencyInfoDL





SEQUENCE {


carrierFreqDL





ARFCN-ValueNR


carrierBandwidthDL




CarrierBandwidthNR

}























OPTIONAL, -- Cond InterFreqHOAndSCellAdd


frequencyInfoUL





FrequencyInfoUL











OPTIONAL, -- Cond InterFreqHOAndUplinkSCellAdd

Given the above, from UE perspective, a cell is associated with a single cell defining SS Block and the cell defining SS Block is used as the timing reference of the cell. It is straightforward that the PCI (physCellId) configured in the common serving cell information (ServingCellConfigCommon) should be the PCI associated with the cell defining SS Block. The DL carrier frequency (carrierFreqDL) configured in the common serving cell information should correspond to the ARFCN of the cell defining SS Block. And when handover happens, the PCI and frequency used to derive the KeNB* is the PCI associated with the target cell defining SS Block and the ARFCN of the cell defining SSB indicated by the carrierFreqDL. 
Proposal 1: The PCI (physCellId) configured in the common serving cell information (ServingCellConfigCommon) should be the PCI associated with the cell defining SS Block. 

Proposal 2: The DL carrier frequency (carrierFreqDL) configured in the common serving cell information (ServingCellConfigCommon) should correspond to the ARFCN of the cell defining SS Block). 

Proposal 3:  The PCI and frequency used to derive the KeNB* during handover is the PCI associated with the target cell defining SS Block and the ARFCN of the cell defining SSB indicated by the carrierFreqDL.

Regarding the carrierBandwidthDL in the ServingCellConfigCommon, whether it refers to the channel bandwidth or the others, e.g. the bandwidth of the initial DL active BWP should be clarified. It should be noted that for initial access, the bandwidth for PDCCH/SIB (i.e. the bandwidth for the initial DL active BWP per RAN1's agreement) is broadcasted in the MIB as following:
MIB ::= SEQUENCE {

      …… [the other IEs are omitted here for the sake of the text length]

-- Determines a bandwidth for PDCCH/SIB, a common ControlResourceSet (CORESET) a common search space and necessary PDCCH parameters

-- FFS: Make optional and omit e.g. in EN-DC or in other cells not broadcasting SIB1? Or make it mandatory to avoid optional fields in MIB?

pdcchConfigSIB1





TYPE_FFS!,
       …… [the other IEs are omitted here for the sake of the text length]
}

From our understanding, same as the bandwidth broadcasted in the MIB, the carrierBandwidthDL  configured in ServingCellConfigCommon for the purpose of handover or PSCell/SCell addition should also be the bandwidth for the PDCCH/SIB. Meanwhile, considering that the UE need to acquire system information from the target cell after handover, so, besides the mentioned bandwidth, the common CORESET, common search space and the necessary PDCCH parameters should also be configured to the UE in the ServingCellConfigCommon. In this sense, the pdcchConfigSIB1 broadcasted in MIB can be reused in the ServingCellConfigCommon.
Proposal 4:  The carrierBandwidthDL configured in ServingCellConfigCommon should be the same as the bandwidth broadcasted in MIB for the PDCCH/SIB.

Proposal 5:  Besides the bandwidth, the common CORESET, common search space and the necessary PDCCH parameters should also be configured to the UE in the ServingCellConfigCommon. The pdcchConfigSIB1 broadcasted in MIB can be reused to achieve this purpose.
Similarly, when configuring a measurement object for NR, it is agreed that a measurement object is associated to an NR carrier frequency. The configuration of MeasObjectNR is captured as following [2]:

MeasObjectNR ::=






SEQUENCE {


carrierFreq








ARFCN-ValueNR,

--RS configuration (e.g. SMTC window, CSI-RS resource, etc.)


referenceSignalConfig





ReferenceSignalConfig




OPTIONAL,

       …… [the other IEs are omitted here for the sake of the text length]
}

ReferenceSignalConfig::=     


 SEQUENCE {


ssb-MeasurementTimingConfiguration

SSB-MeasurementTimingConfiguration









OPTIONAL,


ssbPresence







CHOICE {



present








SEQUENCE {




frequencyOffset






TYPE_FFS!


},



notPresent







SEQUENCE {




-- FFS: How to inform the UE where else to find the SSB. FFS whether to indicate here a carrier or a cell ID or multiple cell IDs



},


}

In NR, the UE perform measurements on the SS blocks. And at RAN2#99bis, it is agreed that "Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency)." Considering that there can be multiple SS Block frequency locations within a single cell, especially for the cell operating with a wideband carrier (e.g. up to 400MHz) and according to the agreements mentioned above, it is the most straightforward, obvious and simplest way to define the carrierFreq configured in each measurement object as the ARFCN of the SSB but not the carrier centre frequency of the channel. When configuring a MO with SSB, the carrierFreq is configured as the ARFCN of the SSB to be measured. While configuring a MO without SSB, the carrierFreq is configured as the ARFCN of the referenced SSB. 
Proposal 6: The DL carrier frequency (carrierFreq) configured in each measurement object for NR should correspond to the ARFCN of the SS Block to be measured/referenced SS Block. 

With the configuration of the carrierFreq in MO as the ARFCN of the SSB to be measured/referenced SSB, the need of frequencyOffset in case of SSB present should be reconsidered. From our understanding, the original intention is to set the offset corresponding to the carrier centre of the channel which is configured as the carrierFreq of the MO. If we set the carrierFreq in the MO as the ARFCN of the SSB to be measured/referenced SSB, then there's no need to configure such kind of frequencyOffset anymore. However, whether the ssb-subcarrierOffset as is configured in MIB to calculate the actual SSB location should be configured in the MO should be further discussed.
Proposal 7: With the configuration of the carrierFreq in the MO as the ARFCN of the SSB to be measured/referenced SSB, there's no need to configure a frequencyOffset corresponding to the carrier centre of the channel. However, whether to configure ssb-subcarrierOffset in the MO should be further discussed. 
An initial active DL/UL BWP is introduced in RAN1 for the PCell. The initial active DL/UL BWP is valid until the UE is explicitly (re)configured with bandwidth part(s). Per agreement at RAN1#90bis, the initial active BWP is defined by the frequency location and bandwidth of RMSI. And according to the most recent agreements achieved in RAN1's email discussion [90b-NR-05] [3], the numerology of the initial active UL BWP is the same as the numerology of Msg3 PUSCH configured in RMSI. So, from our understanding the initial active DL/UL BWP is mainly introduced for the usage of IDLE/INACTIVE state, for instance, for the purpose of initial access. The concept may be used in RAN1 specifications. However, from RAN2's perspective, the initial access can be described based on RA resources directly acquired from MIB/RMSI without mentioning the concept of initial active BWP in RAN2 specifications. The procedure is quite similar as in LTE, e.g. UE perform the random access procedure based on the resources received in MIB/SIB1. Besides, after going through all the functions agreed for the CONNECTED state in NR, we don't find any motivation to introduce the initial active DL/UL BWP concept for the CONNECTED state. Given the above, we believe that mentioning of the concept of initial active DL/UL BWP for the PCell is not needed  in RAN2 specifications.
Observation 1: The initial access in NR can be described based on RA resources directly acquired from MIB/RMSI without mentioning the concept of initial active BWP.

Proposal 8:  There's no need to specify the concept of initial active DL/UL BWP for PCell in RAN2 specifications. 

Default DL BWP for paired spectrum and default DL/UL BWP pair for unpaired spectrum is introduced in RAN1. However, there's no agreement on default UL BWP for paired spectrum in RAN1. So the question is  whether we need to define a default UL BWP for paired spectrum?
The main motivation to introduce default BWP is for power saving. The default BWP should have a narrow bandwidth. For instance, for DL, without receiving any DCI from the DL active BWP (not default DL BWP) within the BWP inactivity timer, the UE switches to the default DL BWP to reduce the power consumption. Power consumption can be reduced due to the fact that the default BWP has a narrow bandwidth. For the same reason, without receiving any DCI within the BWP inactivity timer means that there’s no UL data transmission within this duration, it's power friendly that the UE autonomously switch to the default UL BWP to reduce the power consumption in this case. The decision for this purpose should be left to RAN1 decision. However, besides the benefit of power saving, per our analysis [4], the introduction of a default UL BWP is also benefit for the handling of several UP procedures. For instance, the UE should fall back to the default DL BWP and default UL BWP in the following cases [4]:

· the handling of TAT expires;
· the handling of SR_COUNTER reaches the MAX and there is no RA resources on the activated BWP;

· the handling of SR if there is no available SR resource and RA resources on the activated BWP
So we propose that a default UL BWP should be defined also for paired spectrum. LS should be sent to RAN1 to information that from RAN2 perspective, a default UL BWP should be defined also for paired spectrum. 
Proposal 9: Define a default UL BWP also for paired spectrum. 
Proposal 10: LS should be sent to RAN1 to inform that from RAN2 perspective, a default UL BWP should be defined also for paired spectrum.
For all the 3 listed UP procedures above, after fall back to the default UL BWP, the UE need to initiates random access procedures on the default UL BWP. For instance, when TAT expires, UE fall back to the default UL BWP. The UE should initiate a random access procedure when UL or DL data arrivals. Upon SR_COUNTER reaches the MAX and there is no RA resources on the activated BWP, UE fall back to the default UL BWP to initiate a random access procedure. When SR is triggered while there's no available SR resource and RA resources on the activated BWP, the UE need also fall back to the default UL BWP to initiate a random access procedure. The detail analysis can be found in our companion contribution [4]. So given the above, we propose that  RACH resource(s) should always be configured on the default UL BWP.
Proposal 11: RACH resource(s) should always be configured on the default UL BWP.

One or more DL and UL BWP(s) can be configured on a serving cell. Four lists (downlinkBandwidthPartsToReleaseList, downlinkBandwidthPartsToAddModList, uplinkBandwidthPartsToReleaseList, uplinkBandwidthPartsToAddModList) have been introduced in the draft ASN.1 of the draft TP 38.331[3] to facilitate the configuration. Per RAN1 agreements, among the configured DL/UL BWPs on a SCell, there is a first active DL/UL BWP and a default DL/UL BWP. And among the configured DL/UL BWPs on PCell, there is a default DL/UL BWP. If no default DL BWP is configured on PCell, the default DL BWP is the initial active DL BWP. Though not agreed explicitly in RAN1, it is similar that if no default DL BWP is configured on SCell, the default DL BWP is the first active DL BWP. During the email discussion of L1 parameters in RRC [5], explicit IEs (firstActiveDownlinkBwp-Id, firstActiveUplinkBwp-Id) are introduced to indicate the first active DL/UL BWP separately. Meanwhile, after discussion, an explicit IE (defaultDownlinkBwp-Id) is introduced to explicitly indicate the default DL BWP. Similar as for the default DL BWP, an explicit IE (e.g. defaultUplinkBwp-Id) should introduced to explicitly indicate the default UL BWP.
Proposal 12: Introduce an explicit IE (e.g. defaultUplinkBwp-Id) to explicitly indicate the default UL BWP.
In addition, questions are raised during the email discussion [5] on how can a BWP can be changed/added/released. From our opinion, the management of BWPs are quite like the management of SCells, the addition/modification/release of the BWPs can be achieved via normal or synchronous RRCReconfiguration. A configured BWP except of the first active BWP is considered as deactivated until NW indicates to active it.
Proposal 13: The addition/modification/release of the BWPs can be achieved via normal or synchronous RRCReconfiguration.

Proposal 14: A configured BWP except of the first active BWP is considered as deactivated until NW indicates to active it.

3
Conclusion
Further impacts on RAN2 based on the latest agreements in RAN1 and RAN2 are discussed in this contribution with following observations and proposals:
Proposal 1: The PCI (physCellId) configured in the common serving cell information (ServingCellConfigCommon) should be the PCI associated with the cell defining SS Block. 

Proposal 2: The DL carrier frequency (carrierFreqDL) configured in the common serving cell information (ServingCellConfigCommon) should correspond to the ARFCN of the cell defining SS Block). 

Proposal 3:  The PCI and frequency used to derive the KeNB* during handover is the PCI associated with the target cell defining SS Block and the ARFCN of the cell defining SSB indicated by the carrierFreqDL.

Proposal 4:  The carrierBandwidthDL configured in ServingCellConfigCommon should be the same as the bandwidth broadcasted in MIB for the PDCCH/SIB.

Proposal 5:  Besides the bandwidth, the common CORESET, common search space and the necessary PDCCH parameters should also be configured to the UE in the ServingCellConfigCommon. The pdcchConfigSIB1 broadcasted in MIB can be reused to achieve this purpose.

Proposal 6: The DL carrier frequency (carrierFreq) configured in each measurement object for NR should correspond to the ARFCN of the SS Block to be measured/referenced SS Block. 

Proposal 7: With the configuration of the carrierFreq in the MO as the ARFCN of the SSB to be measured/referenced SSB, there's no need to configure a frequencyOffset corresponding to the carrier centre of the channel. However, whether to configure ssb-subcarrierOffset in the MO should be further discussed. 

Observation 1: The initial access in NR can be described based on RA resources directly acquired from MIB/RMSI without mentioning the concept of initial active BWP.

Proposal 8:  There's no need to specify the concept of initial active DL/UL BWP for PCell in RAN2 specifications. 

Proposal 9: Define a default UL BWP also for paired spectrum. 
Proposal 10: LS should be sent to RAN1 to inform that from RAN2 perspective, a default UL BWP should be defined also for paired spectrum.

Proposal 11: RACH resource(s) should always be configured on the default UL BWP.

Proposal 12: Introduce an explicit IE (e.g. defaultUplinkBwp-Id) to explicitly indicate the default UL BWP.

Proposal 13: The addition/modification/release of the BWPs can be achieved via normal or synchronous RRCReconfiguration.

Proposal 14: A configured BWP except of the first active BWP is considered as deactivated until NW indicates to active it.
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