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Introduction
Several remaining issues to finalize bandwidth part (BWP) operation in Rel-15 were identified at the RAN1 AH #NR3 meeting [1]. Consensus was reached on a few of these issues resulting in the following agreements: 
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
· 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
· 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 addresses the remaining open issues as can be seen from these agreements and also those captured in the summary document [1].  

Discussion
BWP configuration and relationship between CA and BWP
There are many similarities between CA operation and BWP operation, which may help resolve some open issues with BWP operation. In LTE CA a UE can be configured with multiple secondary serving cells, where each SCell contains a DL resource (on a DL component carrier) and a configurable UL resource (i.e. the UL resource may or may not be configured). For FDD, the UL resource is on the paired UL carrier, whereas for TDD, DL and UL resources are configured on a shared carrier. UCI corresponding to a SCell is transmitted on the PUCCH of the PCell except the UE is configured with more than one PUCCH group in which case it is transmitted on the PUCCH-cell for each group. Furthermore, a serving cell is activated by explicit signaling and can be deactivated by explicit signaling or by a timer.
 
Similar mechanisms as in CA have been agreed, and are being proposed, for BWP operation in a single serving cell. For a given serving cell, a configured DL BWP should be associated with an UL BWP, at least for the purpose of UCI transmission. Another open issue is whether there can be more configured UL BWPs than DL BWPs and the related question of what constitutes an active serving cell with relation to DL and UL BWPs. To resolve these questions we consider the use cases motivating BWP operation,

· Use case 1: Enabling reduced UE bandwidth capability within a wideband carrier
· Use case 2: Enabling reduced UE power consumption by bandwidth adaptation
· Use case 3: Enabling UE using different numerologies in FDM within a wideband carrier

The third use case was primarily motivated by multiple active BWP operation, which is now de-prioritized for Rel-15. For the first and second use cases, we have not found a compelling case to configure more UL BWPs compared to DL BWPs. Thus, it is not clear that a serving cell should be activated solely for the purpose of using UL resources on the SCell and no DL (setting aside SUL operation). At least for an unpaired carrier (TDD), DL transmission is possible and also useful for DL measurements for link adaptation, RRM and path loss determination for UL power control. Therefore, if a SCell is activated for a UE, a default DL BWP is also activated, and if the UE is configured for UL transmission in same cell, a default UL BWP is activated.

Proposal 1: If a configured SCell is activated for a UE
· A DL BWP is associated with an UL BWP at least for the purpose of PUCCH transmission.
· A default DL BWP is also activated. If the UE is configured for UL transmission in same serving cell, a default UL BWP is activated.  

Another open issue from the previous RAN1 meeting is the maximum number of DL or UL BWPs that can be configured in a serving cell. From the perspective of BWP adaptation, the maximum number of BWPs that can be supported depends on the UE minimum BW capability. For example, in LTE, non-eMTC/NB-IoT UEs support 20 MHz system BW. For NR the minimum BW capability would be decided by RAN4 (note that this is not the same as the minimum carrier bandwidth). This capability can be used to determine the maximum number of BWPs that can be configured for a UE.

Proposal 2: The maximum number of configured BWPs should be determined after RAN4’s decision on the minimum BW supported for eMBB UEs.

Remaining details of BWP activation
DCI based activation
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. As the UE is monitoring the PDCCH on the currently active DL BWP, the DCI should contain an indication to a target BWP that the UE should switch to for PDSCH reception or UL transmission. A BWP indication can be inserted in the UE-specific DCI format for this purpose. The bit width of this field should depend on either the maximum possible or presently configured number of DL/UL BWPs. Similar to CIF, it may be simpler to set the BWP indication field to a fixed size based on the maximum number of configured BWPs. 

Proposal 3: if a UE is configured with multiple BWPs, a BWP-indication field is present in DCI formats transmitted in a UE-specific search space indicating which BWP the scheduling assignment is for.

A second issue is whether the DCI format size is dependent on the active DL or UL BWP. This is particularly relevant for the frequency domain resource allocation field in the DCI. If dependent on the BWP size it may lead to increased number of blind decodes as the DCI payload sizes would be different. Thus, one viewpoint expressed in RAN1 AH_#NR3 is that the DCI size is independent of the BW of the active DL/UL BWPs. 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 [2]. 

Table 1 shows the required bit widths for the resource allocation field for both RBG-based and RIV-based resource allocation schemes given a carrier bandwidth of 50 MHz (270 PRBs) and different BWP sizes. The minimum BWP size shown of 25 PRBs matches the minimum carrier BW below 6 GHz. 
[bookmark: _Ref494633711]Table 1 Required bit width of resource allocation field for different BWP sizes
	Carrier BW
(MHz/NRB)
	BWP size
(NBWP-RB)
	RBG-based
	RIV-based

	
	
	P
	
	

	50/270
	270
	16
	17
	16

	
	52
	4
	13
	11

	
	25
	2
	13
	9



It can be seen that for RBG-based allocation, even when the maximum RBG size of 16 is used to reduce the bit width there would be an increase of 4 bits for a DCI scheduled on the smaller BWP of 25 PRBs. For RIV-based (contiguous) RA, it is even worse as 7 additional bits have to be supported. Therefore, a different solution should be considered. A second problem with this solution is that it is not uniformly applicable as it would not be applied for DCI transmitted in a common/group-common search space.
 
In [3] we proposed an alternative solution where the DCI format size matches the BW of the BWP in which the PDCCH 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. More details are provided in [3].

Proposal 4: The DCI format size matches the BW of the BWP in which the PDCCH is detected.

Timer-based deactivation
It was agreed that a BWP can be deactivated upon expiry of a timer, at which time the default BWP becomes the active BWP. An unresolved issue is whether to reuse the DRX timer or a new timer should be introduced. We have the following observations
· The DRX timer is used to enable power savings in the UE where the UE can go to sleep if no PDCCH scheduling a new initial transmission is detected within a so-called on duration. This is rather different from BWP Use Case #2, where power savings are obtained by BWP adaptation. Indeed, the UE is still in active mode albeit with operation on a reduced BW. 
· Given the different motivations the value of the DRX inactivity timer is likely to be different from a BWP deactivation/switch timer even though some design principles could be similar.

Therefore, a BWP deactivation timer should be based on PDCCH monitoring of a DL BWP and is separate from the sleep cycle provided by DRX configuration.

Proposal 5: a new timer, separate from DRX configuration, is introduced for switching the active DL BWP back to the default DL BWP.

Other aspects of PDCCH monitoring
Regarding search space monitoring the following was agreed at the RAN1 AH #NR2 meeting,

Agreement:
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space

Regardless of the active DL BWP, it should be possible for a UE to receive paging information, and group common control information such as SFI or pre-emption indication. Depending on the monitoring periodicity of different group-common control information types, it may not be practical for the UE to autonomously switch to a default BWP where a group-common search space is available to monitor for such DCI. Since there is at least one CORESET configured on each DL BWP it should be possible to also configure a group-common search space in the same CORESET.  

Proposal 6: for each configured DL BWP, a group-common search space is associated with at least one CORESET configured for the same DL BWP.
Conclusion
This contribution discussed several open issues for BWP operation. The proposals are summarized below:
· Proposal 1: If a configured SCell is activated for a UE
· A DL BWP is associated with an UL BWP at least for the purpose of PUCCH transmission.
· A default DL BWP is also activated. If the UE is configured for UL transmission in same serving cell, a default UL BWP is activated.  
· Proposal 2: The maximum number of configured BWPs should be determined after RAN4’s decision on the minimum BW supported for eMBB UEs.
· Proposal 3: if a UE is configured with multiple BWPs, a BWP-indication field is present in DCI formats transmitted in a UE-specific search space indicating which BWP the scheduling assignment is for.
· Proposal 4: The DCI format size matches the BW of the BWP in which the PDCCH is detected.
· Proposal 5: a new timer, separate from DRX configuration, is introduced for switching the active DL BWP back to the default DL BWP
· Proposal 6: for each configured DL BWP, a group-common search space is associated with at least one CORESET configured for the same DL BWP.
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