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1	Introduction 
In RAN1 NRAH#2, below agreement on prioritization of active BWP were achieved:  
Agreement:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously
· One TB is mapped per each active BWP. 
· FFS: The multiple active BWPs may overlap in frequency domain.
· FFS: Cross-BWP scheduling is supported.

In this contribution, we address the remaining aspects of BWP design:
· BW retuning mechanism and dynamic indication in Section 3
· remaining detail on common reference point in Section 4.
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In the previous meeting, companies agreed to prioritize single active BWP design to finalize BWP adaption within R15, this corresponds to Scenarios 1 (load-balancing) and Scenario 2 (power-saving) in [1]. In addition, multiple options on activation/deactivation of single active BWP has been listed in an agreement:
Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern

The activation/deactivation should be primarily handled in our view with dynamic indication (i.e. DCI) as the activation by MAC-CE is too slow. For example, assume that a eNB receives a burst of large amount of time critical data, and a UE is active on the narrow BWP in Scenario 2. With DCI activation of wider BWP, eNB can transmit the burst already from the next slot, while with MAC-CE the burst transmission would be delayed at least 4 slots (assuming 4 slot processing time of PDSCH).  
Proposal-1: Adopt DL assignment/UL grant based activation/deactivation/adaptation of an active BWP.
When considering dynamic switching between BWPs, we think that the same mechanism to address both Scenario 1 and 2 use-cases should be specified. We propose an activation/deactivation/adaptation mechanism, where 
· Each BWP contains a CORESET (as agreed in RAN1#89) with at least user-specific search space (in some case the CORESET can be the same, implementation specific)
· A UE monitors a single DCI format size irrespective of active BWP. This is beneficial if an gNB configures identical CORESET for overlapping WB and NB parts as then the retuning can be done seamlessly. In addition, in previous meeting we agreed that CORESET in one BWP can schedule any other BWP as well. To reduce the number of BDs a UE performs, a single DCI format size should be applicable irrespective of BWP being scheduled.
· The DCI format contains the following:
· BWP index (if >1 BWP is configured)
· RA field of the size agnostic to BWP size (i.e. # of PRBs)  

An alternative dynamic adaptation scheme in [2] proposed that the scheduling RA is always based on the largest BWP (of multiple nested BWPs). This scheme, despite being a very valid option for Scenario 2 (nested BWPs), is not applicable to Scenario 1 (with non/partly-overlapping parts), because PRBs/PRGs are indexed locally per BWP. A UE will not be able to determine from RA field, in which BWP the indicated scheduled resources are present. 
Therefore, we suggest specifying a dynamic explicit DCI field called BWP index (BWPI), which indicates to a UE, which BWP (out of configured BWPs) the scheduled resource belongs to. Moreover, the RA field as well as DCI format is fixed irrespective of the indicated BWP. 
Proposal-2: A UE monitors a single DCI format size for DL assignments and a single DCI format for UL grants irrespective of the active BWP it operates on. FFS same DCI format size for DL assignment and UL grants.
Proposal-3: If UE is configured with more than one BWP, a DL assignment or UL grant contains an explicit DCI field (BWPI), which indicates to a UE a BWP on which the data transmission has been scheduled.  

On details of proposed BWP adaptation mechanism 

The following switching mechanisms between BWPs could be considered:
DL BWP switching 
Figure 1 shows a case of “load balancing” on the WB NW carrier with two configured DL BWPs. When gNB decides to switch the BWP1 to BWP2, it indicates the BWP2 index in the scheduling DCI transmitted on the PDCCH of BWP1 in slot n. The example assumes that the cross-slot scheduling has been used, because value of K (in this example) does not allow scheduling in the same slot. A gNB may duplicate the DCIs for the same resource on both BWPs, until receives an ACK or NACK for the PDSCH transmitted on the BWP2.
Observation-1: An gNB may (transparently) duplicate the DL assignments on both BWPs (departure BWP and destination BWP) to increase reliability of dynamic switching.  
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Figure 1 DL BWP adaptation

On the other hand, the agreement from the RAN1#89 meeting does not preclude that other DL assignments could be scheduling data in the same slot of the same BWP, while UE is required to retune. Therefore, we propose that UE is not expected to receive also other DL assignments for other PDSCH while it is supposed to perform retuning. This can be formulated into the following proposal: 
Proposal-4: UE is not expected to receive DL assignments scheduling PDSCH on a BWP within K symbols after PDCCH of the BWP that scheduled PDSCH on the other BWP.

UL BWP switching 
In RAN1 #89, a retuning gap of K symbols was agreed for BW adaptation in DL. This means that a UE cannot receive PDSCH on the DL BWP2, scheduled on a DL BWP1, earlier than K symbols from the scheduling DL assignment has been received on DL BWP1. We think that similar restriction should be specified for FDD UL as well in case retuning is needed. For TDD no restriction is seen as needed, as based on previous agreement a UE is not expected to retune the center frequency of channel BW between DL and UL. This is shown on Figure 3 and can be formulated into the following proposal:
Proposal-5: For FDD, UE is not expected to receive UL grants scheduling PUSCH for one UL BWP within K symbols after a scheduled PUSCH transmission for another UL BWP.
	


Figure 2 An example of switching between two BW UL parts.

On support of timer and periodic retuning pattern
Next open issue from NRAH#2 is existence of default BWP. We think that eNB should configure a default DL BWP and this BWP should contain CSS. 
Proposal-6: An gNB may configure at least a default DL BWP to a UE. 
· the default DL BWP contains a CSS of the UE.
Upon existence of default BWP, a gNB may define a timer, which triggers a UE to retune to its default BWP, if DCI is not received for X slots. Furthermore, a gNB should have a possibility to define a periodic time-pattern, which orders a UE to retune to a UL or DL BWP. For example, to read the CSS on the default BW or to perform measurements in given BWP. 
No other mechanisms are necessary to operate the Scenario 1 and 2. 
Proposal-7: An gNB may configure a UE with:
· a timer, which triggers the UE to retune to the default DL BWP, if DL assignment or UL grant is not received for X slots on the current active DL BWP.
· time-pattern, a periodic pattern, which orders UE to retune to a DL BWP.


3	On co-existence of NB UEs with WB UEs
In the previous RAN1 NRAH#2 meeting, lots of progress has been achieved concerning co-existence of UEs with different BWPs on a NW carrier. Related agreements are:
Agreement:
· In configuration of a BWP,
· A UE is configured with BWP in terms of PRBs. 
· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.
· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.
· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

Agreements:
· Common PRB indexing is supported
· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· The indexing is with respect to the reference point
· The indexing is with respect to a given numerology
· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc.
· UE-specific PRB indexing is supported
· It is indexed per BWP with respect to the configured SCS for the BWP
· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH


While the indexing part for RA is discussed in our accompanying contribution [3]. Herein, we focus on definition of a reference point and configuration of BPWs.
A UE will enter the cell by finding the SS-block -> decoding the PBCH and RMSI information. After Msg4, a UE can be configured with a user-specific BWP. Therefore, we suggest that a UE is configured explicitly with the reference point. Which can be configured given SSB numerology and PRB offset from the edge of a SSB as seen in Figure 4. 
Proposal-8: A UE is configured explicitly with a reference-point, with respect to the edge of SSB, given SSB numerology and with RB granularity.



Figure 3 Configuration of reference point

The reference point determines the start of DMRS sequence, start of RBG nested grid (nested in terms of numerologies) and CSI sub-band grid of the NW carrier as shown in Figure 4. In other words, the reference point corresponds to SC #0, which is aligned for all the numerologies. 



Figure 4 Illustration of PRB indexing for two BW parts 

Proposal-9: The reference point corresponds to commonly indexed sub-carrier #0 which is aligned for all the numerologies. The reference point determines the start of DMRS sequence, the start of RBG grid and the CSI sub-band grid of the NW carrier. 
After the reference point is configured, a UE can be configured also with BWPs given the common PRB indexing and given numerology of a SSB. Such, an eNB may achieve efficient co-existence of WB and NB UEs on the NW carrier.
Proposal-10: A user-specific BWP is configured in terms of PRBs with respect to the reference point and given the SSB numerology. 

[bookmark: _GoBack]4	Conclusion
In this contribution, we have discussed wide-band aspects of the NR and we have the following observations and proposals:
Proposal-1: Adopt DL assignment/UL grant based activation/deactivation/adaptation of an active BWP.
Proposal-2: A UE monitors a single DCI format size for DL assignments and a single DCI format for UL grants irrespective of the active BWP it operates on. FFS same DCI format size for DL assignment and UL grants.
Proposal-3: If UE is configured with more than one BWP, a DL assignment or UL grant contains an explicit DCI field (BWPI), which indicates to a UE a BWP on which the data transmission has been scheduled.  
Observation-1: An gNB may (transparently) duplicate the DL assignments on both BWPs (departure BWP and destination BWP) to increase reliability of dynamic switching.  
Proposal-4: UE is not expected to receive DL assignments scheduling PDSCH on a BWP within K symbols after PDCCH of the BWP that scheduled PDSCH on the other BWP.
Proposal-5: For FDD, UE is not expected to receive UL grants scheduling PUSCH for one UL BWP within K symbols after a scheduled PUSCH transmission for another UL BWP.
Proposal-6: An gNB may configure at least a default DL BWP to a UE. 
· the default DL BWP contains a CSS of the UE.
Proposal-7: An gNB may configure a UE with:
· a timer, which triggers the UE to retune to the default DL BWP, if DL assignment or UL grant is not received for X slots on the current active DL BWP.
· time-pattern, a periodic pattern, which orders UE to retune to a DL BWP.
Proposal-8: A UE is configured explicitly with a reference-point, with respect to the edge of SSB, given SSB numerology and with RB granularity.
Proposal-9: The reference point corresponds to commonly indexed sub-carrier #0 which is aligned for all the numerologies. The reference point determines the start of DMRS sequence, the start of RBG grid and the CSI sub-band grid of the NW carrier. 
Proposal-10: A user-specific BWP is configured in terms of PRBs with respect to the reference point and given the SSB numerology. 
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