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1 Introduction
In the RAN1#NR Adhoc#3, NR made agreements on bandwidth part (BWP) operation as follows:
	Agreements:
· 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
Agreements:
· 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
· FFS association of DL BWP and UL BWP
· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions
Agreements:
· 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)


This contribution discusses the following issues on BWP operations:
· BWP Activation/De-activation
· Switching only support i.e., without scheduling for BWP CSI monitoring
· Relationship between CA & BWP – regarding activation of Scell and associated BWP, 
· BWP configuration
· Association between UL and DL BWP
· CORESET configurations
· PUCCH resource configurations
· Maximum number of BWP supported
· Timer-based mechanism
· Default BWP (re-)configuration
· Common PRB indexing
· RRM/CSI Measurements and SRS Transmission

1 
2 

2 BWP Activation/De-Activation
  For DCI based indication and MAC CE signaling, there is a tradeoff in terms of fast signaling and reliability. DCI based indication is fast and supports fast BW adaption. On the other hand, MAC CE signaling is slower but is more reliable. Nevertheless, its time benefit over RRC signaling, when also considering HARQ-ACK feedback, is marginal. Since RRC based BWP activation is already agreed to be supported (and DCI based for fast adaption), there is no need to support MAC-CE based BWP activation.
Observation 1: RRC signaling can support the operations intended by MAC-CE for BWP activation/de-activation.
Proposal 1: MAC-CE based BWP activation is not supported in NR.
Whenever a UE switches to a new BWP, the old BWP is considered automatically de-activated. This is the case even when the UE falls back to the default BWP. It is not clear if explicit de-activation command is necessary at least for the case when single BWP is active. Similarly, for the case of UL, once the UL transmission ends, the UE can assume that the current UL BWP is de-activated at the end of the UL transmission in the case of the single active BWP. No explicit signaling is needed for the case of UL BWP de-activation. 
Observation 2: Explicit de-activation command is not necessary for the case of supporting a single active BWP. 
In the last RAN1 meeting, it was agreed to support a single scheduling DCI to switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell. Such a mechanism works well when the switching is also associated with scheduling on this new BWP. However, before scheduling on a new BWP, the gNB may intend to find the channel quality on the potential new BWPs before scheduling the user on that BWP. For this the UE must switch to a different BWP and measure channel quality on the BWP and then send the CSI report. Note that there is no scheduling needed for this case. This mechanism can be supported via 
a) Measurement gap as agreed in previous RAN1 meeting
b) Support switching only either via a new DCI or via scheduling DCI with some modifications
It is not clear if (a) is the best mechanism to support as the procedure for supporting CSI via measurement gap seems to involve RAN2 (at least for configuring the gap) for a L1 only procedure and while also considering the UE throughput requirements. Option (b) requires to specify a new DCI format or some modifications for the scheduling DCI. Modifications are needed for the case of scheduling DCI to allow the UE interpret that there is no scheduling associated when switching only command is issued. This will require an additional bit to be introduced in the scheduling DCI. RAN1 must further discuss the details of such a procedure. 
Observation 3: Supporting CSI measurements on the BWP before scheduling is beneficial.
Proposal 2: Support either switching only DCI or a modified scheduling DCI to support switching to a new BWP without any scheduling. 
3 Relationship between CA & BWP 
In the last RAN1 meeting, it was agreed that 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. For the case of PCell, this can be done as part of the RRC connection establishment procedure. For the SCell, this can be done via RRC configuration which also indicates the SCell parameters. 
However, the question that remains to be addressed is when this SCell is considered active. When a UE receives SCell activation command, there should be a default DL and/or UL BWP which must be activated since there must be at least one DL and/or UL BWP which must be monitored by the UE depending on the properties of the SCell (DL only or UL only or both). This BWP which must be activated upon receiving SCell activation command, can be informed to the UE via the same RRC configuration which configured the BWP on this serving cell. 

Proposal 3: For SCell, RRC signalling for SCell configuration/reconfiguration is used to indicate which DL BWP and/or which UL BWP are activated when the SCell activation command is received by the UE. This is the initially active DL/UL BWP on the SCell. Therefore, SCell activation command will activate DL and/or UL BWP.  

For SCell, RRC signaling for SCell configuration/reconfiguration can be used for indicating the default DL BWP on this SCell which can be used for fall back purposes. Also note that this default DL BWP can be same or different from the initially activated DL/UL BWP which is indicated to UE as part of the SCell configuration. Similarly a default UL BWP can be configured to the user for the case of transmitting PUCCH for SR (as an example), in case the PUCCH resources are not configured in every BWP for the sake of SR. 
Proposal 4: A default BWP can be (re-)configured on both primary and secondary cells. 

We next discuss some details about SCell de-activation and the linkage between BWP activation/de-activation. 
Consider the following 3 types of SCell a) DL only, b) UL only and c) DL+UL. For (a), UE keeps monitoring the initial DL BWP (initial active or default) until UE receives SCell de-activation command. For (b), only when UE receives a grant, UE will transmit on the indicated UL BWP, else there is no need to maintain an active UL BWP. But this does not mean that the SCell is de-activated since there is no UL transmission. Furthermore, since SPS can be allowed for NR SCell, implicit de-activation of the SCell when there is no UL transmission can be harmful for SPS operation. For (c), UE keeps monitoring the initial DL BWP (initial active or default) until UE receives SCell de-activation command and the UL BWP is used only when there is a relevant grant or an SR transmission. Based on the above, it can be concluded that BWP de-activation does not necessarily lead to SCell de-activation. 
Observation 4: BWP de-activation does not necessarily lead to SCell de-activation. 
However, on the other hand, when the UE receives the SCell de-activation command, the active DL and/or UL BWPs are considered de-activated.
Proposal 5: For SCell, active DL BWP and/or active UL BWP are de-activated when the SCell is de-activated.

4 BWP Configuration

4.1 Default BWP
In the previous meeting, it was agreed that default BWP plays a role to support fallback operation by means of timer when a UE misses DCI-based switching indication. For the purpose of load balancing, gNB should be able to configure UE-specific default DL BWP other than initial active BWP after RRC connection. This default BWP can support other connected mode operations (besides operations supported by initial active BWP) such as fall back, connected mode paging etc. In this case, the default BWP may have to include common search space, at least the search space needed for monitoring the pre-emption indications. For FDD, default DL and UL BWPs may be independently configured to the UE.  
Proposal 6: Support UE-specific default BWP configuration for DL and UL.
4.2 Association between UL and DL BWP
For the case of FDD operation, there seems no motivation to support pairing between UL and DL BWP. Pairing only leads to additional specification efforts to define the linkage between DL and UL BWP and the necessary parameters for the same. Additional signaling may be needed to indicate the same to the UE. At least for NR Rel-15 work, there seems no strong motivation to support pairing between DL and UL BWPs in the FDD operation. For the case of TDD mode of operation, for simplicity the BW regions for the DL and UL can be considered to be the same while each having their own BWP properties. This linkage can avoid additional signaling overhead. 
Observation 5: No strong motivation is seen to support DL and UL BWP linkage for the FDD mode of operations. 
4.3 CORESET Configurations
The CBRA RACH procedure is only supported via the initial active DL and UL BWP since the UE identity is unknown to the gNB. The CFRA RACH procedure can be supported via the USS configured in the active DL BWP for the UE. Hence, additional CSS for RACH purpose need not be configured per BWP. Idle mode paging can be supported via the initial active DL BWP and the connected mode paging can be supported via the default BWP. No additional configurations for the BWP for paging purposes is needed for paging. For the case of pre-emption, each configured BWP (on any serving cell) should have the CSS configured for monitoring the pre-emption indications. 
4.4 PUCCH resource configurations
The question to be addressed is whether the PUCCH resources are configured in every configured UL BWP or only on the default UL BWP. For instance consider the case of SR. If the PUCCH resources are configured only in the default UL BWP, then the UE will have to retune to the default UL BWP for transmitting an SR. However when they are configured per BWP, the UE can send SR in the current active BWP without any retuning. More details about the PUCCH configuration can be found in our companion contributions [3], [4].
4.5 Maximum number of BWP supported
In the last RAN1 meeting, the following was agreed.
Agreements:
· For NR CA:
· If CIF is present in DCI, the bit width is fixed at 3 bit
· Note: BWP index (if available) is always a separate information field
· FFS detailed conditions for CIF presence

It seems natural that the UE is indicated via DCI the BWP to monitor/switch to via a BWP identity in order to simplify the indication process. The total number of bits for BWP identity depends on the number of bits that can be used within the scheduling DCI (or switching DCI if it is agreed to be supported to only switch and not schedule), and the UE minimum BW. The number of BWPs can be determined by the UE supported minimum BW along with the network maximum BW. For instance, if 400 MHz is the network maximum BW and 50 MHz is the UE minimum BW, 8 BWP can be configured to the UE which means that 3 bits will be needed within the DCI to indicate the BWP. Note that such a split of the network BW depending on the UE minimum BW can be useful for creating several default BWP and load balance from the network side by distributing users across the entire network BW. Therefore the maximum number of BWP can be determined by the network maximum BW and the UE minimum BW.
On the lower bound side, at least 2 DL and 2 UL BWP must be supported by each UE in order to support BWP adaption. Therefore, the total number of BWP supported by a UE can be given by
2 <= Number of DL/UL BWP <= floor (Network maximum BW/ UE minimum DL/UL BW)
Since the network maximum BW and the UE minimum BW are frequency dependent, but the DCI format is independent of the frequency bands, it must be agreed that a maximum number is supported (maximum among all NR supported frequency bands) and the number of bits needed for BWP id will depend on the same. 
Observation 6: The maximum number of BWPs supported in NR depends on the DCI design i.e., the number of bits that can be supported for indicating the BWP id and also the following 
2 <= Number of DL/UL BWP <= floor (Network maximum BW/ UE minimum DL/UL BW)
5 Timer-based mechanism
In the previous meeting, it was agreed to support timer-based mechanism for BWP activation/deactivation operation. For DCI-based activation which has lower reliability than other signaling, timer-based mechanism can help to handle DCI missing problem. It is assumed that one of configured BWPs is indicated as the default BWP by gNB. Similar to C-DRX timer, a UE has a timer which is reset whenever PDCCH is received. If the UE doesn’t receive any PDCCH until timer is expired, UE switches to default BWP and monitors PDCCH again. This operation requires an additional timer to support fallback mode of operations. 
In addition to the above, the connected mode DRX timer itself could be used for supporting BWP adaption between a wider BW and narrow BW to support UE power savings. The timer values can correspond to the onDuration, drxInactivity timer values that support connected mode DRX operations. The exact values of these timers are left to RAN2 discussions. Further note that since connected mode DRx is an optional feature to be supported, a dedicated timer for supporting fallback mode of operations seems necessary. This timer design can however follow the same principles as the DRx timer. 
Proposal 7: Connected mode DRX timer supports BWP adaption and supplements DCI-based activation of BWP. A new timer may be defined to support fallback mode of operations. 
6 Common PRB indexing
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Clarification for common PRB indexing
In NR #90 meeting, it was agreed that common PRB indexing is used at least for DL BWP configuration as follows:
	Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL



Regarding the reference point PRB 0 in above agreement, there seems to be different understandings between companies. For clarification, Figure 1 is provided to show two possible understandings for the PRB 0. In Option 1, PRB 0 is defined as the first PRB which is actually used for transmission considering guard band/spectral utilization from gNB perspective. Since guard band may be different according to numerology, the locations of PRB 0 according to numerology may not be same or aligned. As a result, it may necessarily lead to duplicated signaling overhead since PRB 0 offset indication has to be carried out per numerology. In Option 2, the locations of PRB 0 are irrespective of actually used PRB for transmission. In other words, PRB 0 can be regarded as virtual index. Thus, locations of PRB 0 according to numerology can be same so that only one offset indication is needed. Furthermore, Option 2 may be beneficial to extend the number of actually used PRBs considering forward compatibility on spectral utilization. However, lack of PRB numbers may happen due to virtual PRBs not used actually since the maximum number of PRBs for common PRB indexing was already agreed to follow 3300 subcarriers.


Figure 1. Two different options for defining reference point PRB 0

Observation 7: The PRB0 definition must be clarified as to whether it corresponds to the physically used PRB or a virtual PRB used only for indexing purposes.
Common PRB indexing indication
To generate common PRB indexing, it was agreed that an offset from the lowest PRB of SS/PBCH block to PRB 0 as reference point. Since the common PRB indexing is common to all UEs trying to access to the cell, it is desirable to indicate the offset via RMSI to avoid duplicated signaling to each UE. Besides, for immediate completion of BWP configuration after RRC connection setup, it is better for a UE to know common PRB indexing via RMSI prior to RRC connection setup. However, if multiple SS/PBCH blocks exist, but only a single RMSI is operated, then there are multiple possibilities for the offset from a single RMSI perspective. Thus, RMSI may not be appropriate to use for the offset indication. In this case, UE-specific signaling is better.
Proposal 8: If RMSI is configured per SS/PBCH block i.e. independently for each SS/PBCH block, the offset for reference point PRB 0 should be indicated via RMSI. Otherwise, UE-specific signaling is used. 
Common PRB indexing for carrier without SSB
For common PRB indexing for carrier without SSB such as FDD UL carrier and Scell, in order to indicate where PRB 0 is to UE, ARFCN for the carrier can be a good option for start position to indicate offset to PRB 0. If PRB grid is center-oriented and always aligned with center of carrier regardless of numerology, ARFCN is very appropriate to indicate offset to PRB 0 in terms of PRB level. This offset information can be additionally contained in system information for FDD UL or RRC reconfiguration message for Scell addition. On the contrary, if PRB grid is not aligned with ARFCN due to odd number of PRBs or other reasons, subcarrier spacing level offset should be added on PRB level offset similar to indication to resolve floating synch issue. Detail operations can be designed after the relationships between ARFCN, synch raster, and PRB grid are defined by RAN 4.
Meanwhile, unlike DL, UE may have to know right most PRB of UL to keep spectrum mask regulation for UL transmission. For the reason, the right most PRB information may be included in RMSI or RRC as well. The impact on out-of-band and spurious emissions for UL should be taken into account.
Proposal 9: For common PRB indexing without SSB, an offset from ARFCN to PRB 0 should be indicated to UE via RMSI or RRC signaling. If ARFCN is not aligned with PRB grid, SCS-level offset needs to be added on PRB-level offset. FFS whether or not to indicate information regarding the right most PRB.


Figure 2. How to indicate PRB 0 for carrier without SSB
7 RRM/CSI Measurements and SRS
In the RAN1 90 meeting, it was agreed to support any measurements and SRS transmissions outside the active BWP. It is clear that SS block based RRM measurements do not need to be restricted to the BWP configurations since the measurement object only needs the SS block location. However the same is not clear in the case of CSI-RS based measurements. However, as mentioned earlier, at least for the case of scheduling purposes CSI measurements based on CSI-RS should be supported within the BWP framework in order to allow for scheduling across different BWP. Furthermore considering that wideband, sub-band and partial band CSI reporting is supported for NR, it seems necessary to still consider CSI measurements within the BWP framework. Along similar lines, SRS transmissions can be supported within the BWP framework. 
Proposal 10: SS-block based RRM measurements can be decoupled with BWP framework. CSI and SRS measurements/transmissions can be performed within the BWP framework. 
8 Summary
The proposals and observations in this contribution are collected as below:
Observation 1: RRC signaling can support the operations intended by MAC-CE for BWP activation/de-activation.
Observation 2: Explicit de-activation command is not necessary for the case of supporting a single active BWP. 
Observation 3: Supporting CSI measurements on the BWP before scheduling is beneficial.
Observation 4: BWP de-activation does not necessarily lead to SCell de-activation. 
Observation 5: No strong motivation is seen to support DL and UL BWP linkage for the FDD mode of operations. 
Observation 6: The maximum number of BWPs supported in NR depends on the DCI design i.e., the number of bits that can be supported for indicating the BWP id and also the following 
2 <= Number of DL/UL BWP <= floor (Network maximum BW/ UE minimum DL/UL BW)
Observation 7: The PRB0 definition must be clarified as to whether it corresponds to the physically used PRB or a virtual PRB used only for indexing purposes.

Proposal 1: MAC-CE based BWP activation is not supported in NR.
Proposal 2: Support either switching only DCI or a modified scheduling DCI to support switching to a new BWP without any scheduling. 
Proposal 3: For SCell, RRC signalling for SCell configuration/reconfiguration is used to indicate which DL BWP and/or which UL BWP are activated when the SCell activation command is received by the UE. This is the initially active DL/UL BWP on the SCell. Therefore, SCell activation command will activate DL and/or UL BWP.  

Proposal 4: A default BWP can be (re-)configured on both primary and secondary cells. 

Proposal 5: For SCell, active DL BWP and/or active UL BWP are de-activated when the SCell is de-activated.

Proposal 6: Support UE-specific default BWP configuration for DL and UL.
Proposal 7: Connected mode DRX timer supports BWP adaption and supplements DCI-based activation of BWP. A new timer may be defined to support fallback mode of operations. 
Proposal 8: If RMSI is configured per SS/PBCH block i.e. independently for each SS/PBCH block, the offset for reference point PRB 0 should be indicated via RMSI. Otherwise, UE-specific signaling is used. 
Proposal 9: For common PRB indexing without SSB, an offset from ARFCN to PRB 0 should be indicated to UE via RMSI or RRC signaling. If ARFCN is not aligned with PRB grid, SCS-level offset needs to be added on PRB-level offset. FFS whether or not to indicate information regarding the right most PRB.
Proposal 10: SS-block based RRM measurements can be decoupled with BWP framework. CSI and SRS measurements/transmissions can be performed within the BWP framework. 
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