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1	Introduction
In RAN1 NRAH#3, the following agreements related to BWPs were made:
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)

The remaining issues are: 
· BWP activation and fall-back 
· BWP configuration details
· Operation in active BWP
· Common indexing on Scell
· RRM/CSI measurement 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Remaining aspects of BWPs
[bookmark: _Hlk492205276]As seen from agreements listed in the Introduction, good progress has been achieved in RAN1 NRAH#3 with respect to BWP design, as the BWP relation to NR CA has been clarified. In this section, we discuss the remaining open issues in the following sub-sections.
[bookmark: _Hlk494567990]BWP activation and fall-back 
In RAN1#90, RAN1 agreed on an existence of default BWP on Pcell, which can be the initial active DL BWP for transmission of RMSI, containing RMSI CORESET with CSS. The RMSI CORESET may also contain USS and therefore, initial active/default BWP can remain active BWP for the user also after UE becomes RRC connected. 
Furthermore, in the RAN1#90 meeting it was agreed that a UE may switch to the default BWP on a Pcell by means of an inactivity timer. While a synergy with DRX inactivity timer is large, an independent shorter timer for switching to default BWP is beneficial to reduce the RF BW before entering DRX.
Proposal-1: Support an inactivity-timer to enable the fall-back to default BWP on Pcell and Scell. The inactivity timer is independent of DRX inactivity timer.


While initial BWP on Pcell is defined by MIB, it is yet not agreed whether initial BWP and default BWP is supported on Scell and if supported what should be the relation between them. The Scell is typically activated for the UE to meet the peak-data rate. Therefore, if Scell is activated, the initial BWP should be the widest configured BWP of the Scell. It would be unfortunate if the peak rate could not be served for the additional time needed to retune from narrow BW to wide BW. After the traffic burst is served, and an inactivity timer expires, the UE should retune to default BWP which should be the narrow BWP, for power savings, keeping the Scell active and ready to be opened briskly when additional data burst arrives. Therefore, we think that the initial BWP and default BWP should be separately configurable for the Scell. 
Proposal-2: Default BWP and initial BWP are configured separately for the Scell
· Initial BWP is the BWP that is activated when Scell could be activated by e.g. RRC, MAC-CE or when UE returns from DRX. Details FFS.
· Default BWP is the fall-back BWP to by activated by means of inactivity timer.
In addition, we think that any BWP on Scell could be activated by means of cross-cell scheduling DCI, if cross-cell scheduling is configured to a UE. In this case, the gNB can activate any BWP on the Scell by indicating CIF and BWPI in the scheduling DCI. 
Proposal-3: gNB can activate a BWP on a Scell also by means of cross-cell scheduling DCI, indicating CIF and corresponding BWPI.

Impact of retuning gap on system performance
System design should ensure that switching between BWPs does not introduce large time gaps when UE would not be able to receive due to re-tuning, neither after detecting short inactivity (Case 1) or when data activity is reactivated (Case 2). 
In Case 2, long breaks of several slots would severely impact the TCP ramp up as UE would not be able to transmit and receive during those slots, impacting obtained RTT and data rate. Case 1 could be seen less problematic at first glance but similarly long break in reception would make UE out of reach from network point of view reducing network interest to utilize short inactivity timer.
Generally speaking, if BWP switching takes significant time, and UE requires new reference symbols to update AGC, channel estimation etc, the system has less possibilities/motivation to utilize active BWP adaption in the UE. This can be achieved by preferring configuration where BWP center frequency remains the same when switching between BWPs.
Observation-1: In order to make BW adaptation on Scell attractive for the network, the retuning gaps when UE cannot receive and/or transmit should be minimized. The gNB would prefer configurations  of BWPs having the same center frequency.
Proposal-4: Strive to minimize the duration of retuning gaps, required tracking RS overhead, and identify configurations, where the retuning gap is the shortest.  
	
Configuration of BWPs
In NRAH#3, there was a discussion whether BWPs of UL and DL are configured as pairs or separately. For a paired spectrum (FDD cell), it would be beneficial to adapt separately DL and UL given the buffer status in UL and DL. With respect to configuration details; if a gNB would configure a UE with X DL and Y UL BWPs separately, it would need to configure only X+Y BWPs. Contrary, if the gNB would configure UE with UL/DL BWP-pairs, it would need to configure 2*X*Y BWPs to achieve full flexibility of adaptation. Therefore, we propose: 
Proposal-5: For FDD, BWPs for DL and UL are configured separately. gNB may switch active DL BWP from one to another independently of UL BWP and vice versa.  
In case of TDD cell, a UE is not expected to retune center frequency when switching between UL and DL. Therefore, we propose that for TDD, the UL and DL BWP are adapted jointly, i.e. gNB configures UL/DL BWP-pairs. The BWP-pair can be activated/deactivated by either UL grant or DL assignment.  
Proposal-6: For TDD, a one or more UL/DL BWP-pairs are configured, where each BWP-pair has the same center frequency for UL and DL BWP. gNB may switch UE’s active BWP-pair from one to another by either UL grant or DL assignment.  
It was agreed that BWPs are configured with respect to common reference point (PRB 0) on a NW carrier. It stayed open what is the granularity and the numerology of the configuration. We propose that the BWPs are configured using TYPE1 RA as a set of contiguous PRBs, with PRB granularity for the START and LENGTH, and the minimum length is determined by the minimum supported size of a CORESET, which is still FFS.
Proposal-7: A BWP is configured, with respect to common reference point (PRB 0), using TYPE1 RA with PRB granularity (of given numerology) for the start and length, and minimum length of BWP is determined by the minimum supported length of a CORESET, which is still FFS.
One more aspect of BWP configuration is presence of CSS in non-initial BWP. While broadcast information from initial-BW CSS could be deliver to UE by dedicated RRC signaling. It seems to be beneficial to configure CSS on each BWP for RACH response and paging. 
Proposal-8: Support CSS on each BWP for RAR and paging. The other broadcast information can be deliver to UE by dedicated signaling. 

2.1 Operation in active BWP
When a UE is instructed to retune to other BWP by means of scheduling DCI, after retuning, a UE needs to adjust AGC and sync, for that, some type of WB RS are required. However, as this directly introduces additional overhead and delay in data transmission, cases when such RS would be required should be carefully considered. 
The Tracking RS design in MIMO AI would be one candidate. The other candidate could be WB RS in a CORESET, if the Working assumption introducing those RS is confirmed. The introduction of WB RS for PDCCH has many disadvantages, as argued in [2]. On the other hand, if in the end introduced, these WB RS for PDCCH could be used as tracking RS in a BWP without SSB [3].  
Proposal-9: If WB RS in a CORESET are introduced in NR, consider adopting the CORESET WB RS as tracking RS for BWPs without SSB.

After the UE syncs to the new BWP, it will start to monitor pre-configured search-space on the CORESET. One open issue is whether the DCI formats are configured per BWP or per cell. We think that DCI formats should be configured per cell to keep the number of DCI formats and the corresponding header size in DCI small. 

Proposal-10: DCI format(s) are configured user-specifically per cell, i.e. not per BWP. 

However, the size of DCI format in different BWPs can vary, and will change at least due to different size of RA bitmap on different BWPs. Therefore, a gNB should have the possibility to set freely the monitoring DCI format size on a search-spaces of a CORESET, such that it can accommodate the largest actial DCI format size variant among all BWPs configured in a serving cell. Therefore, we propose that the monitored DCI format size on search-space of a CORESET should be configurable with sufficient granularity.  

Observation-2: The size of DCI format configured in a cell for a UE is dependent on BWP it schedules. 

Proposal-11: The monitored DCI format size on a search-space of a CORESET should be configurable with the sufficiently fine granularity. FFS on granularity.
[bookmark: _Hlk492203329]
2.2 [bookmark: _Hlk492203302]On remaining aspects of common indexing
In RAN1#90, it was agreed that a reference point for common indexing is PRB0. It stayed open whether the reference is commonly configured by broadcasted RMSI or by dedicated RRC signaling. We think that dedicated signalling has an advantage, because it makes the configuration of reference point future-proof, for example if the 8k FFT will be introduced in the future. 
Proposal-12: The reference point for common indexing in a Pcell is configured to a UE by means of dedicated/user-specific RRC signaling in granularity of PRBs with numerology of the SSB. 
[bookmark: _Hlk492569286]One more open issue is the common indexing for uplink in FDD serving cell. In this case, the separate UL and DL reference points have to be configured to a UE. One possibility is that the RMSI will configure RACH resource which can define initial UL BWP. The UL reference point for common indexing can be hen configured with respect to the lower edge of the initial UL BWP. 
Proposal-13: For FDD, a separate reference point for common indexing is configured for UL. The reference point is user-specifically configured with respect to initial UL BWP defined by RACH resource (details of an initial UL BWP are up to initial access). 
Another issue is configuration of common reference point on Scell without SSB. We think that similarly to a SCell with SSB the gNB could configure a virtual SSB to a Scell without SSB. This virtual SSB would by configured by gNB but not physically present on the Scell. This would simplify the specification, because the same configuration mechanism as agreed for serving cell with SSB can be used. 
Proposal-14: In a Scell without SSB, network configures virtual SSB which would not be physically present on the Scell. 

2.3 RRM Measurements and SRS transmission
In RAN1#90, companies agreed that RRM measurements and SRS transmissions can be configured outside of the active BWP this being considered as a measuring gap. This agreement is technically incorrect, because SRS transmission cannot be considered as measuring gap. Therefore, we propose the following correction of the previous agreement:  
Proposal-15: Revise the previous agreement accordingly:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement resp. SRS switching gap
· FFS: details of measurement gap configuration
· FFS: detail of SRS switching gap configuration
During the measurement gap, UE is not expected to monitor CORESET.

The RRM measurements can be performed on a (i) SSB and also (ii) CSI-RS. In RAN#77 meeting RAN prioritized SSB-based RRM/RLM measurement design in RAN4. Furthermore, the SSB-based RRM measurements are independent of BWP design and should be discussed in initial-access agenda item. Similarly to SBB-based measurements, the CSI-RS-based RRM/RLM measurements should be discussed independently of BWPs.

Proposal-16:  RRM/RLM measurements are designed independently of BWPs.

One more issues is the support of CSI-based measurements. In the case of Scenario 1 of [1] (load balancing between non-overlapping BWPs) and Scenario 2 of [1] (switching between wide and narrow BWP), the CSI measurements outside the active BWP are not required, as the CSI measurement can be obtained after the BW opening and the wide-band CQI of the previous BWP can be used as starting point for the other BWP on the NW carrier. Potential delta can be compensated quickly by OLLA. Therefore, support of aperiodic CSI reports for non-active BWP is not essential for the functionality of the first NR release. 

Proposal-17: In Release 15, do not support aperiodic CSI reports for non-active DL BWPs.
1. Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed aspects of BWPs. We have the following observations and proposals:
Proposal-1: Support an inactivity-timer to enable the fall-back to default BWP on Pcell and Scell. The inactivity timer is independent of DRX inactivity timer.
Proposal-2: Default BWP and initial BWP are configured separately for the Scell
· Initial BWP is the BWP that is activated when Scell could be activated by e.g. RRC, MAC-CE or when UE returns from DRX. Details FFS.
· Default BWP is the fall-back BWP to by activated by means of inactivity timer.
Proposal-3: gNB can activate a BWP on a Scell also by means of cross-cell scheduling DCI, indicating CIF and corresponding BWPI.

Proposal-4: Strive to minimize the duration of retuning gaps, required tracking RS overhead, and identify configurations, where the retuning gap is the shortest.  
Proposal-5: For FDD, BWPs for DL and UL are configured separately. gNB may switch active DL BWP from one to another independently of UL BWP and vice versa.  
Proposal-6: For TDD, a one or more UL/DL BWP-pairs are configured, where each BWP-pair has the same center frequency for UL and DL BWP. gNB may switch UE’s active BWP-pair from one to another by either UL grant or DL assignment.  
Proposal-7: A BWP is configured, with respect to common reference point (PRB 0), using TYPE1 RA with PRB granularity (of given numerology) for the start and length, and minimum length of BWP is determined by the minimum supported length of a CORESET, which is still FFS.
Proposal-8: Support CSS on each BWP for RAR and paging. The other broadcast information can be deliver to UE by dedicated signaling. 
Proposal-9: If WB RS in a CORESET are introduced in NR, consider adopting the CORESET WB RS as tracking RS for BWPs without SSB.
Proposal-10: DCI format(s) are configured user-specifically per cell, i.e. not per BWP. 

Proposal-11: The monitored DCI format size on a search-space of a CORESET should be configurable with the sufficiently fine granularity. FFS on granularity.
Proposal-12: The reference point for common indexing in a Pcell is configured to a UE by means of dedicated/user-specific RRC signaling in granularity of PRBs with numerology of the SSB. 
Proposal-13: For FDD, a separate reference point for common indexing is configured for UL. The reference point is user-specifically configured with respect to initial UL BWP defined by RACH resource (details of an initial UL BWP are up to initial access). 
Proposal-14: In a Scell without SSB, network configures virtual SSB which would not be physically present on the Scell. 
Proposal-15: Revise the previous agreement accordingly:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement resp. SRS switching gap
· FFS: details of measurement gap configuration
· FFS: detail of SRS switching gap configuration
During the measurement gap, UE is not expected to monitor CORESET.
Proposal-16:  RRM/RLM measurements are designed independently of BWPs.
Proposal-17: In Release 15, do not support aperiodic CSI reports for non-active DL BWPs.

References
[1] [bookmark: _Ref492207613][bookmark: _Ref449465801]R1-1711795, “On bandwidth parts and “RF” requirements”, Ericsson 
[2] [bookmark: _Ref494741698]R1-1718601, “Remaining details of PDCCH construction”, Nokia, Nokia Shanghai Bell
[3] [bookmark: _Ref494741747]R1-1718606, “On the usage of PDCCH DMRS as a complementary synchronization signal in DL”, Nokia, Nokia Shanghai Bell

