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Introduction
In the RAN1 #AH2 meeting, there were agreements on wideband operation in [1].
	Agreement-1:
· 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-2:
· 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
Agreement-3:
· 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.
Agreements-4:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation
· Carrier without SS block can be configured for some UEs
Agreements-5:
· [bookmark: OLE_LINK1]For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.
· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:
· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 
· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.
· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.
· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 
· FFS: Dynamic switching of RBG size(s). 
· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).
· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).
· Opt. 5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.



From agreement-1, we can observe that the boundary of any bandwidth part should be aligned with PRB boundary. One related issue is how to divide and how to configure the bandwidth part efficiently within a wideband NR carrier. In addition, whether multiple bandwidth parts can be activated for a UE simultaneously and a necessary mechanism to enable the UE RF retuning for bandwidth part switching should be considered. From agreement-5, five options need to be down-selected. In this contribution, we will analyze them and give some observations and proposals.

Discussion
Configuration of bandwidth part
For different numerologies within a wideband NR carrier, some agreements are made. For example, the same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier. This means the PRB grid should be also have a nested structure in a certain bandwidth part. To keep this rule and to reduce the impact when scheduling data corresponding with larger SCS, related issues should be considered. This section discusses how to divide and how to configure bandwidth parts efficiently within a wideband NR carrier. When dividing the bandwidth part, the boundary of the bandwidth part should be aligned with the PRB boundary corresponding to the maximum SCS within a wideband NR carrier. Otherwise, a PRB corresponding to the maximum SCS will be partial, which will result in that this PRB with assumed better channel quality can’t be scheduled as a PRB corresponding to the maximum SCS as shown in Fig1. In Fig1-a, the red PRB part can’t be scheduled as PRB corresponding to SCS2 and SCS3 due to boundary misalignment between the  bandwidth part and the PRB corresponding to the maximum SCS. In Fig1-b, the green PRB position can be scheduled as PRB corresponding to SCS2 and SCS3 when the boundary of the bandwidth part is aligned with the PRB boundary corresponding to the maximum SCS.
Observation 1: Boundary of any bandwidth part should be aligned with boundary of PRB corresponding to maximum SCS within a wideband NR carrier.
Another related issue is what appropriate reference can be used to configure the bandwidth of a bandwidth part. One can consider that the timing reference is used, e.g., PRB index corresponding to 15 kHz as a reference to configure the bandwidth of a bandwidth part. However, this will lead to a larger signaling overhead. To reduce this overhead, we prefer to use a PRB index corresponding to the maximum SCS in gNB side for configuring the bandwidth of each bandwidth part. 
Based on agreement-3, currently, only the single active bandwidth part case for UE side is defined.  This means that the influence of scheduling for this UE may be smaller when the maximum SCS within a wideband NR carrier is not used as a reference. However, this still has multiple bandwidth parts for gNB side, which means that the influence of scheduling for the whole network still is bigger if the maximum SCS within a wideband NR carrier is not used as a reference. On the other hand, for a single carrier WB UE, it is natural to have multiple active bandwidth parts with different numerologies configured for a UE simultaneously, and it is also possible to overlap between multiple active BWPs in frequency domain. A typical overlap scenario is the BWP adaptation case. The influence of scheduling may be relieved because a flexible scheduling with appropriate SCS for overlap domain. However, for multiple active bandwidth parts with different numerologies configured for a UE simultaneously regardless whether contiguous between multiple active bandwidth parts, the influence of scheduling will become worse if the maximum SCS within a wideband NR carrier is not used as a reference for each active bandwidth part.
Proposal 1: gNB inform maximum SCS within a wideband NR carrier as a reference SCS used for dividing bandwidth part to UEs in addition to numerology, frequency location and bandwidth when configuration of a bandwidth part.


Fig1. Reference SCS used for dividing bandwidth part
Multiple bandwidth parts operation
It has been agreed that each bandwidth part is associated with a specific numerology and the primary focus is to complete the single active bandwidth part case. Anyway, we consider that the different traffic types can use different numerologies for a UE, e.g. the eMBB traffic could be using the 15 kHz subcarrier spacing with NCP and the URLLC traffic could be using the 60 kHz subcarrier spacing with ECP. Multiple bandwidth parts with the different numerologies need to be supported in one frequency range. The gNB can activate/deactivate the bandwidth part with 60 kHz SCS for the URLLC UE depending on the occurrence of URLLC traffic. Moreover, when multiple bandwidth parts with the different numerologies are activated simultaneously, they can overlap in the frequency domain. For example, the URLLC traffic can preempt the resource which has been allocated to the eMBB UE.
Proposal 2: Simultaneously activating multiple bandwidth parts with different numerologies should be supported in one frequency range.
When switching the bandwidth parts, the transition time will be taken into account. To reduce the impact on the UE throughput and to perform switching to the bandwidth part with low power consumption, the transition time needs to be minimized. In the RAN1 #89 meeting, both the DCI signal and MAC CE are considered as the options. In fact, the MAC CE requires more processing time, the DCI signal might be a better choice. When a UE is notified to switch to another bandwidth part, the bandwidth part ID should be included in the DCI signal. A bandwidth part ID associated with the bandwidth part can be configured by the RRC signal. Multiple bandwidth parts with overlapping in the frequency domain can be configured to the same UE.
When bandwidth adaptation is used for UE power saving, a bandwidth part ID with 1bit might be enough. The UE can enter into the mode for power saving from the normal mode. The frequency location and the bandwidth of the bandwidth part for the power saving or the normal mode can be configured/reconfigured by the RRC signal. If changing the frequency location of the bandwidth part is done to dynamically balance the load, it seems that RRC signaling can notify this change. However, it is also foreseen that the load balancing by slot level can bring some gains at the cost of the small DCI overhead increase. For example, the bandwidth part ID has a 2 bit length, one of the four states is to indicate the normal mode, and the three states are for other modes of power saving/load balancing. 
Proposal 3: The DCI signal including the bandwidth part ID can be used to support dynamic bandwidth part switching.
When the acknowledgement doesn’t exist for the bandwidth part switching, the gNB and UE could happen to work in different DL bandwidth parts in case the UE missed the DCI. However, simple acknowledgement will not fully avoid misunderstanding. If the gNB receives the DTX, it can’t decide whether the UE has missed the PDCCH or the gNB has missed the ACK feedback. Those scenarios are shown as the case 1 and case 2 in Fig2. The problem that the gNB and the UE might work in the different DL bandwidth parts happen in both cases.
To reduce the effect, the gNB can transmit the PDCCH in both the bandwidth part A and the targeted bandwidth part B using the DCI including the ID of the bandwidth part B. gNB can confirm the UE has switched to the target bandwidth part B afterwards. Once the gNB confirms that the UE has worked in the bandwidth part B, the gNB can schedule the UE using the DCI not including the ID of the bandwidth part B in the bandwidth part B.


Fig2. Mismatched BWP between gNB and UE
Observation 2: A redundant transmission scheme can avoid that the gNB and the UE work in the different DL bandwidth parts due to missing of switching DCI.
RBG
According to last meeting’s agreements, five candidate RBG sizes and number determination options have been given. We will give some discussion about these options.
· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:
· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 
· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.
· [bookmark: OLE_LINK4]Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.
· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 
· FFS: Dynamic switching of RBG size(s). 
· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).
· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).
· [bookmark: OLE_LINK3]Opt. 5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.

For Opt.1 and 2, the RBG size and number can be semi-statically configured, and can be determined by the size of the BWP, but for Opt. 1, a new consideration was introduced, i.e. Type0 RA bitmap, so there are two factors to affect the RBG size and number, for Type0 RA, a one-to-one correspondence between bitmap and RBGs was applied, so the relationship between the size of RA bitmap and the RBG number is obvious, however, compared with Opt.2, Opt.1 is too limited, only one fixed value for the RA bitmap can be configured once, which means the number and size of RBGs can’t change during the semi-static cycle, but for Opt2, one or multiple RBG size values can be configured once, so better flexibility can be achieved. so Both as semi-statically configuration methods, Opt2 is better than Opt1.
For Opt. 3 and 4, RBG size and number may be dynamically changed, according to the DCI format or the Transmission duration. The two options are both flexible, but the need to change the RBG size and number dynamical should be studied further. Another question, for Opt.3, considering the detailed DCI formats design was not determined, so there may be multiple reasons to determine which DCI format should be chosen, compact DCI or short DCI format size doesn’t mean coarse granularity scheduling absolutely. For Opt. 4, how to determine the bundling between transmission duration and RBG size is still indistinct.
For Opt. 5, the RBG size is determined by the size of the BWP, only considering the size of BWP, which maybe not enough,  because without considering the numerology configuration for the BWP. Even for the same size of BWP, different numerology means different number of PRBs, without any configurability, this option is too rigid.
Proposal 4:  Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.
Conclusions
Based on the discussion above, we have the following observations and proposals: 
Observation 1: Boundary of any bandwidth part should be aligned with boundary of PRB corresponding to maximum SCS within a wideband NR carrier.
Observation 2: A redundant transmission scheme can avoid that the gNB and the UE work in the different DL bandwidth parts due to missing of switching DCI.
Proposal 1: gNB inform maximum SCS within a wideband NR carrier as a reference SCS used for dividing bandwidth part to UEs in addition to numerology, frequency location and bandwidth when configuration of a bandwidth part.
Proposal 2: Simultaneously activating multiple bandwidth parts with different numerologies should be supported in one frequency range.
Proposal 3: The DCI signal including the bandwidth part ID can be used to support dynamic bandwidth part switching.
Proposal 4:  Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.
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