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Introduction
Significant progress was made at RAN1 #90bis on finalizing BWP operation [1]. This contribution discusses several remaining aspects, some of which were discussed at RAN1 #90bis (see [2] for a summary).
  
Discussion
BWP configuration
RA procedure
For an idle mode UE, the initial active DL/UL BWPs are valid until such a time in connected mode that the gNB decides to configure additional BWPs. Until this RRC (re-)configuration, the PRACH configuration is provided by RMSI. If a UE is configured with additional UL BWPs, it should be possible to configure PRACH resources in these BWPs. In our view, if a UE is configured for PRACH in an UL BWP, the UE should also be configured with a common search space in a DL BWP for monitoring for the DL RA messages, i.e. Msg2 and Msg4. For a DL/UL BWP pair, a natural choice for this CSS is the DL BWP in the BWP pair. For paired spectrum, if the BWP containing the CSS for monitoring for RA messages is indicated as part of the UL BWP configuration. 

If there are more configured DL BWPs than UL BWPs, it may be the case that there is no CSS for monitoring for RA in the presently active DL BWP. Indeed, for contention-based RA, the gNB does not know, at least until it receives RA Msg3, the identity of the UE that transmitted a detected preamble. As such, any UE transmitting a preamble should then monitor for RAR on the linked DL BWP. This would mean a switch to the DL BWP tied to the UL BWP where the preamble is sent. It was mentioned that upon completion of the RA procedure, such a UE may switch back to monitoring the previously active DL BWP upon completion of the RA procedure. However, since the gNB knows the identity of the UE it is up to the gNB to activate a different BWP when necessary. 

Proposal: regarding RA configuration and procedure
· A UE may be configured for PRACH transmission in a configured UL BWP in addition to the default UL BWP
· For each UL BWP where the UE is configured with PRACH resources, the UE is also configured with a common search space in a DL BWP for monitoring for PDCCH scheduling RA messages
· If a UE initiates a RA procedure in an UL BWP, the UE monitors for PDCCH scheduling RA messages in the RA-linked DL BWP. 
· Note: this may require a switch from the presently active DL BWP 
· Upon completion of the RA procedure the UE continues to monitor PDCCH in this RA-linked DL BWP unless or until a scheduling DCI is received activating a different DL BWP.

BWP activation and scheduling aspects
DCI format size
If a UE is configured with multiple DL or UL BWPs in a serving cell, an inactive DL/UL BWP can be activated by a DCI scheduling a DL assignment or UL grant respectively in this BWP. An open issue is whether the DCI format size is dependent on, or independent of, the BW of the active DL/UL BWP. This primarily involves the bit width of the frequency domain resource allocation field. If dependent on the BWP size it may lead to increased number of blind decodes as the DCI payload sizes would be different. Making it independent implies an RA field size that is fixed to the largest BWP regardless of which BWP the UE monitors on. To see the impact of this proposal we consider the frequency domain resource allocation field size using the number of PRBs defined by RAN4 for below 6 GHz and 15 KHz subcarrier spacing in [3]. 

Table 1 shows the required bit widths for the resource allocation field for both RA Type0 and Type 1 for a carrier bandwidth of 50 MHz, 15 KHz SCS (total of 270 PRBs) and different BWP sizes, P. The minimum BWP size shown of 25 PRBs matches the minimum carrier BW below 6 GHz. It was agreed to support two configurations for the BWP sizes for different BW ranges. The selected sizes here are based on the design in [4], where the objective is to match LTE RA field bit widths as much as possible. 
[bookmark: _Ref494633711]Table 1 Required bit width of resource allocation field for different BWP sizes
	Carrier BW
(MHz/NRB)
	BWP size
(NBWP-RB)
	Type0 RA
	Type1 RA

	
	
	P
	
	

	50/270
	270
	16
	17
	16

	
	52
	4
	13
	11

	
	25
	2
	13
	9



It can be seen for Type0 RA that even when P = 16 is used to reduce the RA field bit width there would be an increase of 4 bits for a DCI scheduled on the smaller BWP of 25 PRBs. For Type1 RA it is even worse as 7 additional bits have to be supported. It should be noted that the issue of maintaining same DCI format size can be mitigated for Type0 by designing one of the two RBG configurations with similar RBG sizes for typical BWP sizes. Such a solution would not work for Type1 but as observed in Table 1 DCI overhead penalty is prohibitive.
 
In [4] we proposed an alternative solution where the DCI format size depends on the BW of the BWP where a scheduling DCI is received. To avoid an increase in the number of blind decodes, the UE can interpret the RA field based on the scheduled BWP. For example, for a transition from a small BWP to a larger BWP, the UE interprets the RA field as being only the LSBs of the required RA field for scheduling the larger BWP. The scheduling restriction is not considered an issue as the UE may not have performed CSI measurements on the target BWP and the gNB may start off with a small resource allocation. This is also the subject of separate discussion in a subsequent section. More details on this proposal are provided in [4].

Proposal: The DCI format size corresponding to a PDCCH received in a search space on the active DL BWP depends on the BW of the active DL or UL BWP.


Timer-based DL BWP activation
It was agreed to support a dedicated timer to switch from a non-default DL BWP to the default DL BWP upon expiration of the timer. It was also agreed that a UE resets the timer when it receives a PDCCH scheduling a PDSCH in the active DL BWP. Other conditions for resetting the timer may be needed. For instance, DL SPS is not associated with a PDCCH but clearly shows that the UE should continue receiving data in the active BWP. For TDD (unpaired spectrum) the timer should also be reset when an UL grant is received given that both DL and UL BWPs are switched to the default BWP pair upon timer expiry.

Proposal: in addition to reception of a PDCCH scheduling PDSCH a UE resets the timer for the following scenarios
· At the start of a DL SPS occasion when DL SPS is configured in the active DL BWP
· When an UL grant is received for the UL BWP in a DL/UL BWP pair


On inter-BWP CSI measurements
An open issue is whether the general agreement on measurements as shown below applies to CSI measurements across BWPs.

Agreements:
•        When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
–       FFS: details of measurement gap configuration
–       During the measurement gap, UE is not expected to monitor CORESET

During offline discussions two alternatives were summarized as follows:
· Alt. 1: A UE can perform CSI measurement outside of its active BWP via a measurement gap configuration
· All CSI-RS configurations must be confined in configured (not necessarily active) BWPs
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor for PDCCH in the active BWP
· Alt. 2: A UE can only perform CSI measurement within its active BWP
· The CSI measurement outside of the current active BWP is performed via BWP switching.

First the motivation for performing CSI measurements in an inactive BWP should be addressed. For the use case of BW adaptation for energy savings, the UE may be activated on a larger BWP from a smaller BWP when heavy DL data arrives at the network. For this case the network would switch the UE to the larger BWP regardless of the availability of CSI before the switch. The gNB would likely be conservative in the scheduling assignment carrying the activation indication. Alternatively, and similar to scheduling in high speed deployment scenarios, the gNB will likely use frequency distributed scheduling since CSI is either not available or is outdated as may be the case with periodic-CSI measurements. Therefore, Alt. 2 is sufficient for this use case. 

A different BWP use case is where a UE supporting a wideband carrier is configured to operate on a smaller BWP at any one time. This case has also been called virtual CA where each BWP represents a so-called serving cell. In this case an argument can be made that the gNB may want to receive CSI measurements for an inactive BWP to determine whether to activate a different BWP for the UE. In this case Alt. 1 provides a measurement gap to facilitate such a measurement. This benefit does not come for free for BWP operation. Firstly, a measurement gap is also a scheduling gap as the UE cannot be scheduled within the measurement period. If periodic CSI measurements are required, it means a periodic occurrence of these measurement gaps which is not desirable. A more efficient solution would be to schedule the UE for aperiodic CSI measurement on a target BWP. The UE may then be re-activated on the previous BWP either autonomously or by a scheduling DCI. This is somewhat equivalent to Alt. 2 and so it is sufficient for both cases to adopt Alt. 2.

Proposal: a UE only perform CSI measurements within the active DL BWP.


DCI with “zero” assignment 
The active BWP switching by DCI is intended for a fast transition time when activating one BWP from another BWP. Although active BWP could be switched fast, the newly active BWP may not be used to schedule PDSCH or PUSCH or at least not immediately. For instance, when an active DL BWP is switched, the UE needs to perform channel tracking in the newly activated BWP unless this BWP has the same large channel properties as the previously active BWP. The time needed to get reliable timing and frequency offset information of the channel may range from a few to tens of slots. The UE would perform channel measurements such as RRM and CSI measurements. Additional time is also needed to get reliable CSI measurement. The front end processing time would require a few ms to tens of ms before the new activated BWP being used for PDSCH transmission with link adaptation. A DCI with “zero” assignment would allow the gNB to switch the BWP in advance and in preparation of scheduling PDSCH or PUSCH transmission.  
Proposal:  DCI with “zero” assignment would allow the gNB to switch BWP in advance and in preparation of scheduling PDSCH or PUSCH transmission.  

Conclusion
This contribution discussed several open issues for BWP operation. The proposals are summarized below:
Proposal: regarding RA configuration and procedure
· A UE may be configured for PRACH transmission in a configured UL BWP in addition to the default UL BWP
· For each UL BWP where the UE is configured with PRACH resources, the UE is also configured with a common search space in a DL BWP for monitoring for PDCCH scheduling RA messages
· If a UE initiates a RA procedure in an UL BWP, the UE monitors for PDCCH scheduling RA messages in the RA-linked DL BWP. 
· Note: this may require a switch from the presently active DL BWP 
· Upon completion of the RA procedure the UE continues to monitor PDCCH in this RA-linked DL BWP unless or until a scheduling DCI is received activating a different DL BWP.

Proposal: The DCI format size corresponding to a PDCCH received in a search space on the active DL BWP depends on the BW of the active DL or UL BWP.

Proposal: in addition to reception of a PDCCH scheduling PDSCH a UE resets the timer for the following scenarios
· At the start of a DL SPS occasion when DL SPS is configured in the active DL BWP
· When an UL grant is received for the UL BWP in a DL/UL BWP pair

Proposal: a UE only perform CSI measurements within the active DL BWP.

Proposal:  DCI with “zero” assignment would allow the gNB to switch BWP in advance and in preparation of scheduling PDSCH or PUSCH transmission.  
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