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1 Introduction

Band width part (BWP) was introduced in RAN1#88bis [1]. After discussion in both RAN1 and RAN4 for a couple of meetings, RAN1 sent a LS to RAN2 with a set of important agreements related with BWP [2]. Then in RAN1 Ad-hoc meeting in Sept. [3], some important agreements were made for BWP, which were list below:
RAN1 agreement in Ad-hoc meeting in Sept [3] 
· 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
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· 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
Then in RAN1#90bis meeting [4], the following agreements with RAN2 impact were made:

 RAN1 agreement in RAN1#99bis [4] 

· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching

· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair

· 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

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

· 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

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

· 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
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
Then RAN2 also discussed BWP impact in RAN2#99b [5], and achieved the following agreements:

   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 contribution, we discuss remaining control plane issues of BWP. We first provide our understanding on main use scenario of BWP, and then discuss CC and BWP operation in NR. Next, RRC procedure is discussed. Finally, we discuss the remaining issues of RRM impacts.

2 Discussion

1.1 Use scenario of wider band operation

As we know, NR will support very wide carrier bandwidth. The maximum channel bandwidth per carrier is 400MHz in Rel-15, and it likely to be extended in future release. In our understanding, the main motivation to introduce BWP is to support UE with less receiver bandwidth capability (e.g. 100MHz) which is smaller than the whole bandwidth (e.g. 400MHz). 
Observation 1: In NR, the UE may not support as large bandwidth as that of the serving cell. 
Figure 1 shows our understanding on use scenarios of BWP at least in Rel-15. 
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Figure.1 Use scenario of BWP

· Scenario 1(reduced UE BW capability): For example, UE’s receiver bandwidth capability is 100MHz, and is configured with BWP1.

· Scenario 2(intra-band CA): For example, UE is configured with BWP1 and BWP2, which could be non-contiguous as shown in figure. 
· Scenario 3(power saving with bandwidth adaptation): For example, UE is configured with a wider BWP4 and narrower BWP3, which are overlapping. UE could quickly switch between the two BWPs 

In this contribution, we focus on RAN2 impacts of use scenario 1 and scenario 2.  
1.2 BWP and CC operation in NR

Based on current RAN1/RAN4 agreements and above discussion on use scenario, NR has to support mixed wideband and CA operation. As we discussed before, UE may not support as large bandwidth as that of the serving cell in NR, which we think will bring some changes on definition of component carrier (CC) in NR. 
As we know, In LTE, one CC corresponds to one cell, and the maximum bandwidth for one CC is 20MHz both in the network and the UE. So, UE and eNB have the same understanding on the bandwidth.

Observation 2: In LTE, one CC corresponds to one cell, and the maximum bandwidth for one CC is 20MHz both in the network and the UE. 
Clearly in NR, there is no limitation of the above maximum 20MHz bandwidth in both network and UE. Typically, network could have larger bandwidth than UE. We think it will lead to some changes to the concept of “CC=cell” in LTE. 


[image: image2.emf]gNB 

200MHz CC1 200MHz CC2 200MHz CC3 200MHz CC4

BWP1 BWP2 BWP1

BWP 

2

BWP 

3

UE 3

BWP1 BWP1

200MHz CC 1

400MHz (band1) with PCI 1 400MHz (band2) with PCI 2

SSB SSB SSB SSB SSB

200MHz CC 2

UE 1

BWP1 BWP2 BWP1 BWP2

BWP2 BWP1

UE 2


Figure.2 Our understanding on CC and BWP operation

In Figure.2, we provide our understanding on how to operate both BWP and CC in Rel-15. From network view, it provides 2 bands each with 400MHz bandwidth, where multiple SSBs could be transmitted per RAN1 agreements. Then UE could work under the following operations:
· UE 1: It supports maximum 200MHz receiver bandwidth capability in band 1. Bandwidth of the two BWPs is 200MHz. Note that only one is active in a given time according to latest RAN1 agreement.

· UE 2: It supports 2×200MHz intra-band CA, and two BWPs are configured in each CC because UE’s maximum receiver bandwidth in each CC is 100MHz. Still at most one BWP can be activated in a given time.

· UE 3: It supports both intra-band CA and inter-band CA with multiple receiver chains. In each CC, the UE is configured one or more BWPs (e.g. BWP1/2/3 in CC2). Per RAN1 agreement, at most one DL BWP and at most one UL BWP in each CC is active at a given time.
Observation 3: Multiple CCs can be configured for one UE within same band and/or in different bands. 

Observation 4: In Rel-15, one UE can be configured multiple BWPs in each CC, but at most one DL BWP and at most one UL BWP is active at a given time for a serving cell.
In our understanding, the same PCI should be carried in SSBs for all CCs within the same carrier bandwidth (e.g. CC1 and CC2 for UE 2) to simplify operations between gNB and UE:
· From the network’s point view, there is only 1 carrier for each band. For example, only one wide carrier is provided for UE2, although UE2 regarded it as 2 CCs depending on its receiver capability. 
· If different PCIs are carried in SSBs within the same carrier bandwidth, it may mean UE should switch among all BWPs including different SSBs to do measurement, which conflicts with motivation to introduce BWP (reduced UE BW support).

· If different PCIs are carried in SSBs within the same carrier bandwidth, it means that they could be regarded as different cells, and handover procedure may be required for UE to change BWP, which conflicts with RAN1 agreement to use dynamic DCI to activate/deactivate BWPs
Proposal 1: SSB(s) within the same carrier bandwidth of the cell use the same PCI.
As mentioned already, one major difference from LTE is that multiple CCs with the same PCI can be configured to one UE in same carrier band of the cell. For the purpose of CA management, we think one of the CCs should be configured as “primary” CC, similar to the concept of PCell in LTE.  
Proposal 2: Similar to PCell in LTE, one of CCs should be configured as “primary” CC for the purpose of CA management.
For the operation of BWP switch, note that DCI-based BWP activation / deactivation was agreed by RAN1. Therefore, we think BWP switch should be a L1 procedure, and which BWP is active at a given time should not be visible to RRC.
Proposal 3: During connected mode, which BWP is active at a given time is not visible to RRC. 
1.3 RRC procedure of BWP configuration

Before we discuss RRC procedure, we need to clarify our understanding on multiple type of BWP mentioned in RAN1 agreements.
2.1.1 Our understanding on different BWP type
RAN1 introduced multiple BWP type, e.g. initial active DL/UL BWP, default DL BWP, active BWP and configured BWP. Our understanding is:  

· Initial active DL/UL BWP: this is for UE in idle mode for initial access. Since RAN2 has agreed that impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17, we will skip the related discussion.  
· Default DL BWP: this is only for connected mode UE working under paired spectrum. This is mainly to support fall-back mode i.e. the UE autonomously moves to default BWP when there is no data activity during some time. It could be reconfigured via RRC signalling. Note that the concept of default UL BWP in paired spectrum is not in any RAN1 agreement.    

· Default DL/UL BWP pair: this is only for connected mode UE working under unpaired spectrum, and also mainly for fall-back mode as default DL BWP in paired spectrum. It could be reconfigured via RRC signalling.
· The first active DL/UL BWP: this is only for connected mode UE in SCell. It is the first active DL/UL BWP after SCell is activated.   

· Active DL/UL BWP: this is only for connected mode UE working under paired spectrum, to transmit/receive data. At most one DL/UL BWP at a time should be activated per serving cell in Rel-15. 

· Active DL/UL BWP pair: this is only for connected mode UE working under unpaired spectrum, to transmit/receive data. At most one DL/UL BWP pair at a time should be activated per serving cell in Rel-15. 

Some important observations related to RRC configuration are:

Observation 5: Based on RAN1 agreements, default DL BWP and default DL/UL BWP pair need to be configured via RRC signalling for connected UE working under paired spectrum and unpaired spectrum, respectively.

Observation 6: Based on RAN1 agreements, the first active DL/UL BWP need to be configured via RRC signalling for connected UE in SCell.  

2.1.2 RRC procedure 

As discussed in usage scenario of BWP, the essential motivation to introduce BWP is to support UE with less receiver bandwidth capability than the whole carrier bandwidth. Therefore, we think gNB should configure a set of DL/UL BWPs in accordance with the UE capabilities. Similar to CA configuration procedure, UE could report its BWP capability in the UE capability enquiry procedure. The specific BWP capability contents and granularity can be left to RAN1.

After the NW knows the UE’s BWP capability, gNB could configure a set of UE-specific DL/UL BWPs. Similar to CA configuration, we think the dedicated RRC reconfiguration message can be used for addition, release and reconfiguration of BWP(s). The release and reconfiguration of BWP(s) can be based on loading and/or channel conditions.       
Proposal 4: Dedicated RRC reconfiguration message is used for addition, release and reconfiguration of BWP
Note that we think which BWP is active at a given time is not visible to RRC during connected mode (Proposal 3). Therefore, there is a special case that active BWP is released by explicit BWP release signalling. Under such case, we think that UE fall backs to default DL BWP or default DL/UL BWP pair.     
Proposal 5: If active BWP is released by explicit BWP release signalling, UE falls back to default DL BWP or default DL/UL BWP pair 
Besides the explicit BWP release via dedicated RRC message, there are also some scenarios implicitly trigger BWP release. For PCell/PScell, we think that BWP release is implicitly triggered by RLF, PCell handover or PSCell change. And then UE proceeds with the RRC re-establishment/SCG failure procedure as normal.
Proposal 6: In PCell/PSCell, BWP release is implicitly triggered by RLF, PCell handover or PSCell change 
For SCell, SCell release should also implicitly release configured BWP(s). 
Proposal 7: BWPs configured in SCell are implicitly released by SCell release
2.1.3 RACH configuration and procedure
During connected mode, UE may need to perform contention-based RACH (CBRA) or contention-free RACH (CFRA). For CFRA, gNB could explicitly assign PRACH resources so it is gNB responsibility to switch UE to the UL BWP with PRACH resources. For contention-based RACH procedure, network knows the UE is performing RA only after successfully receiving Msg3 from that UE. Therefore, network needs to know which UL BWP to monitor msg1/msg3 and which DL BWP with common search space to send RACH response. When CBRA is triggered by network or the current active UL BWP includes RACH resources, the existing CBRA procedure can be reused. However, one issue is that when CBRA is UE initiated, the current active UL BWP may not have configured PRACH resources. In this case, UE should autonomously fall back to a UL BWP with PRACH resources, and gNB should be able to monitor preamble when RA is triggered. Both gNB and UE should align the understanding on which UL BWP used for above fallback procedure. To resolve this issue, we propose that network could configure a special UL BWP with PRACH resource through RRC signalling for this fallback operation. 
Proposal 8: Network can configure a special UL BWP with PRACH resource, together with the corresponding common search space in a DL BWP, for UE in connected mode to fallback and perform CBRA when PRACH resources are not configured in current active UL BWP.  
For above UE fallback procedure, people may argue that autonomous RF retuning may introduce data interruption if gNB schedules UL/DL data during this retuning gap. But note that UE-initiated CBRA only happens when uplink synchronization is lost or when UE does not have any PUCCH resources available for SR. In both cases, UE is not expecting data, and thereby this is not a big issue.
Observation 7: UL BWP fallback for UE-initiated CBRA may introduce a retuning gap, but corresponding performance loss can be ignored since UE is not expecting data for such scenario (uplink synchronization is lost or UE does not have any PUCCH resources available for SR) 

The above configured special UL BWP with PRACH may be initial active UL BWP which is carried in RMSI, and may be different from it. It is up to network implementation. But if UE does not have configured this special UL BWP, it uses the initial active BWP to perform CBRA in both idle and connected mode unless instructed by network otherwise.  

Proposal 9: If UE does not have configured the special UL BWP, it uses the initial active BWP to perform CBRA in both idle and connected mode unless instructed by network otherwise.  

One other case is handover in NR, if the target cell uses wideband operation, then UE should know in which UL BWP to perform RACH and also in which DL BWP to monitor response of RACH, to reduce access latency without reading system information of target cell. The UL BWP carried in HO command may be different from initial active UL BWP for offloading reason. The UL/DL BWP carried in HO command should apply for both CFRA and CBRA. For the later case (CBRA), it is gNB initiated CBRA, i.e. no dedicated RACH occasion/preamble is provided in handover command, and UE performs CBRA with the UL BWP indicated in HO command. So, we propose:     
Proposal 10: During handover, a UL BWP with PRACH resource and corresponding DL BWP with common search space for RACH response of target cell are signalled in HO command so that UE can perform CFRA or CBRA on them.

1.4  Impact of wider band operation on RRM

In last RAN2 meeting, we have 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). But the relationship between RRM and BWP is still not clear. 

Note that we have only one remaining meeting to finalize NSA. Therefore, the spec impact should be minimized. We propose that RRM is transparent to BWP, i.e. no BWP-specific RRM. Specifically, gNB could configure multiple measurement objects for UE if needed. BWPs are independently and separately configured. UE reports just according to its configured measurement objects. It is up to gNB implementation to associate BWP quality and RRM reports. In this way, the impact of BWP on RRM could be minimized. And this BWP-transparent RRM applies to both SSB based and CSI-RS based RRM.     
Proposal 11: BWPs and measurement object are independently configured, and it is up to gNB implementation to associate BWP quality and RRM reports (i.e. BWP is transparent to both SSB based and CSI-RS based RRM)
3 Summary
In this contribution, we discuss BWP impact from the point of view of RAN2. We first provide our understanding on main use scenario of BWP, and then discuss CC and BWP operation in NR. Finally, we discuss the impact of RRM. The proposals include:
Observation 1: In NR, the UE may not support as large bandwidth as that of the serving cell. 
Observation 2: In LTE, one CC corresponds to one cell, and the maximum bandwidth for one CC is 20MHz both in the network and the UE. 
Observation 3: Multiple CCs can be configured for one UE within same band and/or in different bands. 

Observation 4: In Rel-15, one UE can be configured multiple BWPs in each CC, but at most one DL BWP and at most one UL BWP is active at a given time for a serving cell.

Observation 5: Based on RAN1 agreements, default DL BWP and default DL/UL BWP pair need to be configured via RRC signalling for connected UE working under paired spectrum and unpaired spectrum, respectively.

Observation 6: Based on RAN1 agreements, the first active DL/UL BWP need to be configured via RRC signalling for connected UE in SCell.  

Observation 7: UL BWP fallback for UE-initiated CBRA may introduce a retuning gap, but corresponding performance loss can be ignored since UE is not expecting data for such scenario (uplink synchronization is lost or UE does not have any PUCCH resources available for SR) 

Proposal 1: SSB(s) within the same carrier bandwidth of the cell use the same PCI.

Proposal 2: Similar to PCell in LTE, one of CCs should be configured as “primary” CC for the purpose of CA management.

Proposal 3: During connected mode, which BWP is active at a given time is not visible to RRC.  
Proposal 4: Dedicated RRC reconfiguration message is used for addition, release and reconfiguration of BWP.

Proposal 5: If active BWP is released by explicit BWP release signalling, UE falls back to default DL BWP or default DL/UL BWP pair 
Proposal 6: In PCell/PSCell, BWP release is implicitly triggered by RLF, PCell handover or PSCell change 
Proposal 7: BWPs configured in SCell are implicitly released by SCell release

Proposal 8: Network can configure a special UL BWP with PRACH resource, together with the corresponding common search space in a DL BWP, for UE in connected mode to fallback and perform CBRA when PRACH resources are not configured in current active UL BWP.  
Proposal 9: If UE does not have configured the special UL BWP, it uses the initial active BWP to perform CBRA in both idle and connected mode unless instructed by network otherwise.  

Proposal 10: During handover, a UL BWP with PRACH resource and corresponding DL BWP with common search space for RACH response of target cell are signalled in HO command so that UE can perform CFRA or CBRA on them.
Proposal 11: BWPs and measurement object are independently configured, and it is up to gNB implementation to associate BWP quality and RRM reports (i.e. BWP is transparent to both SSB based and CSI-RS based RRM).
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