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1 Introduction

In RAN2#99bis meeting, the BWP operation is discussed and some agreements were reached as below:

Agreements for BWP operation in CONNECTED mode:

1:
BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.

2a:
RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 

2b
RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)

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.
5
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).

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).

In this paper, we will discuss the BWP configuration issue for the UE and UE mobility issue with BWP operation or BWP switching issue for the UE.
2.1 The BWP configuration in RRC for the UE
For the bandwidth of BWP configuration, it is between the SSB bandwidth and the maximal bandwidth supported by the UE according to the RAN1 working assumption in [1].
Working assumption:

· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block

For now, the network does not know the maximal bandwidth capability supported by a UE for NR, so the network will not know the limitation when the network configures the BWPs in dedicated RRC message. So the UE should report the maximal bandwidth capability supported by a UE to the network as a UE radio capability.

Proposal 1: the UE should report the maximal bandwidth capability supported by a UE to the network as a UE radio capability.
The motivation of the BWP introduction includes for UE power optimization and supporting FDM of different numerologies. For UE power optimization purpose, the network will adjust the bandwidth of the active BWP according to the data rate the UE require. So it is better to configure the bandwidth of the BWPs differently to meet the multiple data rate requirements. The next question is how many configured BWPs is enough for the requirements. In RAN1#90bis meeting, RAN1 reached the agreement about the maximal number of DL BWP and UL BWP.

· For each serving cell, the maximal number of DL/UL BWP configurations is
· For paired spectrum: 4 DL BWPs and 4 UL BWPs
· For unpaired spectrum: 4 DL/UL BWP pairs
· For SUL: 4 UL BWPs
The other issue is whether the configured number of the DL BWP and UL BWP is always equal or can be different. Considering the limited time for the EN-DC, it should keep as simple as possible. So we propose the number of the DL BWP and UL BWP configured in the RRC dedicated signaling is always equal at least in R15.
Proposal 2: the number of the DL BWP and UL BWP configured in the RRC dedicated signaling is always equal at least in R15.

Proposal 3: the maximum number for DL BWP and UL BWP is 4 respectively.
In R10 CA, the DL carrier and UL carrier may be different and the number of UL carrier is always smaller than the number of the DL carrier. The linkage of the DL carrier and UL carrier is SIB2 linkage. It means that the DL carrier carrying SIB2 is associated with the UL carrier indicated by the ul-CarrierFreq IE in the SIB2. The UL carrier common configuration in radioResourceConfigCommon IE, e.g. PUCCH, PUSCH and so on, is configured in the SIB2 carried in the associated DL carrier.
For the DL BWP and UL BWP, if the linkage as CA is need. The common UL configuration will be configured in the SI on one DL BWP, e.g. RACH configuration. The RACH resource will be mapped on one UL BWP. So we think the linkage between DL BWP and UL BWP is needed.
In 38.331, the FrequencyInfoUL IE is indicated in SIB1. RAN1 agreed that the bandwidth part may or may not contain the SS block. It means that the BWP may not contain MIB and RMSI. RAN1 also agreed that a cell is associated with a single SS block from UE perspective. So at least one BWP configured for the UE contains SS block. Thus, there is at least one DL BWP is an anchor BWP which contains SS block in the BWP configuration. And the BWP without SS block is associated with the anchor DL BWP. For the UL BWP, it is also associated with one anchor DL BWP.
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Proposal 4: the DL BWP which contains SS block and RMSI is defined as the anchor BWP in the BWP configuration for UE.
Proposal 5: the DL BWP and UL BWP is linked and indicated in SIB1. The DL BWP without SS blocks is linked with an anchor DL BWP in RRC signaling.

For EN-DC case, the BWPs will be configured by the network, and the UE will initial RACH procedure to NR for access. For fast access purpose, the access BWP will be indicated to the UE instead of BWP search blindly. So it is obvious that the anchor BWP will be used to access. If there is more than one anchor BWPs in the BWP configuration for the UE, the UE can randomly select one anchor BWP to access or the selection indicator can be indicated to the UE in the BWP configuration by the network.

Proposal 6: the UE select the anchor BWP to access or according to the indication from the network.

For the RACH procedure, the UE will select one UL BWP to send preamble, then the UE will wait to receive the RAR on one DL BWP. The DL BWP for the RAR selected according to the linkage of the DL BWP and UL BWP. 

For the MSG3, there are 2 options to select the UL BWP for the UE:
Option 1: the UL BWP for MSG3 is the same with the UL BWP for MSG1.

Option 2: the UL BWP for MSG 3 is indicated in the UL grant in RAR.

For simplicity, we propose the option 1. For the same reason, the DL BWP for MSG 4 is the same with the BWP for MSG2.
Proposal 7: the BWP for MSG 1 and MSG 3 is the same BWP; the BWP for the MSG 2 and MSG4 is the same.

Proposal 8: The DL BWP selection for the MSG2 is according to the linkage of the DL BWP and UL BWP for MSG1. 

 2.2 BWP switching and reconfiguration
For the change of the active BWP, there are 4 cases:

Case 1: the BWP is switched within the BWP configuration without SSB change.
Case 2: the BWP is switched within the BWP configuration with SSB change.
Case 3: the BWP is reconfigured within the wideband carrier.
Case 4: the BWP is reconfigured between the wideband carriers.

RAN1 Agreement a [1]:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)

RAN1 Agreement b [1]:
· From UE perspective, a cell is associated with a single SS block

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

· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.

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

· Note: This is a clarification of the previous agreement

According to the RAN1 agreement, the DCI will be used to switch for case 1. But it is not clear if the case 2 also apply the DCI based switching scheme because the serving cell is not clear now according to the RAN1 agreement b. For our understanding, the case 2 can also apply the DCI based switching scheme and without TA impact. For case 3, we think it needs a reconfiguration for the UE. And it is something like intra-cell Handover in LTE, but we think is cannot apply the L2 reestablishment or reset because it only changes the frequency field resource and it also does not need the RACH procedure. For case 4, we think it is something like inter-cell Handover in LTE and the L3 mobility HO procedure should apply.
Proposal 9: When the BWP is switched within the BWP configuration with SSB change case, e.g. PCI change and/or RMSI change, RAN2 needs to send LS to RAN1 to confirm the case and whether the DCI based switching scheme can be used.

Proposal 10: When the BWP is reconfigured within the wideband carrier case, the L2 reestablishment or reset is not needed and the RACH procedure is also not needed.

Proposal 11: When the BWP is reconfigured between the wideband carriers case, L3 mobility HO procedure could be used.

2 Conclusions:

In this contribution, we discuss the impaction of SUL operation on the specification from RAN2 point of view, e.g. RACH procedure and UE capability definition for the SUL operation:
Proposal 1: the UE should report the maximal bandwidth capability supported by a UE to the network as a UE radio capability.

Proposal 2: the number of the DL BWP and UL BWP configured in the RRC dedicated signaling is always equal at least in R15.

Proposal 3: the maximum number for DL BWP and UL BWP is 4 respectively.
Proposal 4: the DL BWP which contains SS block and RMSI is defined as the anchor BWP in the BWP configuration for UE.

Proposal 5: the DL BWP and UL BWP is linked and indicated in SIB1. The DL BWP without SS blocks is linked with an anchor DL BWP in RRC signaling.

Proposal 6: the UE select the anchor BWP to access or according to the indication from the network.

Proposal 7: the BWP for MSG 1 and MSG 3 is the same BWP; the BWP for the MSG 2 and MSG4 is the same.

Proposal 8: The DL BWP selection for the MSG2 is according to the linkage of the DL BWP and UL BWP for MSG1. 

Proposal 9: When the BWP is switched within the BWP configuration with SSB change case, e.g. PCI change and/or RMSI change, RAN2 needs to send LS to RAN1 to confirm the case and whether the DCI based switching scheme can be used.

Proposal 10: When the BWP is reconfigured within the wideband carrier case, the L2 reestablishment or reset is not needed and the RACH procedure is also not needed.

Proposal 11: When the BWP is reconfigured between the wideband carriers case, L3 mobility HO procedure could be used.
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