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1 Introduction
In the RAN1 #92bis meeting, DCI format for BWP switching was discussed and the following agreements have been made [1]:  
	Agreements:

Confirm the following working assumption with updates:

· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:

· Zero-pad too small bitfields to match the new BWP

· Truncate too large bitfields to match the new BWP
· The truncation is done from MSB (including the bit indicating the resource allocation type)

· Zero-padding is done for MSB


This contribution discusses open issues on the BWP operations and states our views.
2. Discussion
2.1 Interpretation of DCIs for BWP switching
As agreed in RAN1#92bis, the size of fields in DCI formats 0_1 and 1_1 for BWP switching is determined based on the current BWP but applied to the another BWP. Padding/truncation was implemented on each field of the DCI as transformation mechanism. 

According to [2], the following fields may be included in DCI format 1-1: 
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· Frequency domain resource assignment
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· MCS/NDI/RV

· HARQ process number
· Downlink assignment index
· TPC command for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Antenna port(s)
· Transmission configuration indication
· SRS request
· CBG transmission information (CBGTI)
· CBG flushing out information (CBGFI)
· DMRS sequence initialization
Among them, the size of several fields are fixed or configurable per CC and therefore have a same value for each BWP within a given CC, including ID, CIF, BWP indicator, CBGTI/CBGFI, HARQ process number, SRS request and DMRS sequence initialization. The padding/truncation operations are not applied for these fields in case of BWP switching. 
Some other fields represent a index of a BWP-specific configurable table. These DCI fields include time domain resource assignment, PDSCH-to-HARQ_feedback timing indicator and antenna port(s). In case the DCI fields are truncated and then interpreted based on the target BWP, only entries with lower index in the table of target BWP can be addressed, instead of a full range of the table items. However, the PDSCH scheduling efficiency on the target BWP can still be managable by appropriate network configuration. 

For the frequency-domain resource allocation field, the transformation has different consequences depending on the resource allocation types configured for current and target BWP. NR supports two resource allocation types, i.e. type 0 (RBG-based) and type 1 (RIV-based). For non-fallback DCI formats, NR supports RRC configuration separately for DL and UL

· Using resource allocation type 0 only, or,

· Using resource allocation type 1 only, or,

· Using resource allocations type 0 and 1 and dynamically switching between them using a 1-bit flag in the DCI 
The possible combinations of resource allocation types are listed in Table 1 in case of BWP adaptation: 

Table 1: The resulting combination cases of resource allocation type in case of BWP adaptation
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Figure 1: zero-padding operation of frequency-domain resource allocation field

As illustrated in FIG.1 and decribed in Table1, zero padding would result in the the 1-bit resource allocation type flag in DCI to contantly be “0” and consequently only resource allocation type 0 is used on target BWP. However, this may be acceptable considering BWP adapation is less frequent and RA type 1 can still be used after BWP is swiched to target BWP. On the other hand, zero-padding results in severe scheduling restriction in the number of RBs that can be scheduled on target BWP for the case only resource allocation type 1 is configured for target BWP. For example, it was observed that only up to 10% of RBs in the wider BWP is addressable in case of BWP switching [3], which results in signficiant loss of BWP adapation efficiency. 

One possible solution to address this transformation problem of RA type 1 is to interpret the resource allocation (RIV) field based on the the current BWP resulting in start and length, and then both the start and length are further scaled by a factor K before appling to the active BWP where the data transmission occurs. The scalable mechanism provides a sufficient number of starting RBs and additionally allows a full range of RBs on the larger target BWP. The scaling factor can be defined as the ratio of BW of target and current BWP for better frequency diversity performance.   
Summarizing the discussions above, we made the following proposal:
Proposal 1: 
In the case of only resource allocation type 1 is configured for the target BWP, the frequency-domain resource allocation field in DCI formats for BWP switching is interpreted as follows:
· The resource allocation (RIV) is interpreted according to the current BWP, resulting in start and length. 

· The start/length is scaled by a factor K and then applied to the target BWP where the data transmission occurs.

2.2 On QCL Assumptions during BWP Switching
In the last RAN1 meeting, one clarification on QCL assumption for PDSCH reception in the new BWP has been raised [4]. For NR, BWP adaption is mainly motivated to enable enhanced UE energy performance by adapting the UE reception bandwidth to the less than the UE downlink bandwidth capability. Typically, multiple BWPs of a single CC would operated by a same gNB and therefore share a same QCL assumptions for PDSCH reception across BWPs already. On the other hand, one can argue that there is no restriction on network to configure different BWPs of a single CC associated with different TPRs in current spec. Hence, some solutions to relax processing time on deriving QCL paramters is needed for UE. It should be noted that it was agreed in RAN1 last meeting to allow triggering aperiodic TRS by using DCI formats [1]. This already provides a sufficient tool for BWP adaption and makes it possible to measure QCL assumption on new BWP by utilizing A-TRS after BWP switching. 
Proposal 2: 

· No need of additional mechanism for QCL assumptions during BWP switching.  
2.3 Reception of system information (SI) update 
Simliar like in LTE, system information (SI) is updated at the border between two SI modification periods and a planned SI update has to be announced in the SI modification period prior to an actual SI update. Such nofication is performed using paging messages.  

In the RAN2 AdHoc #1 2018 and RAN2 #101 meeting, the following was agreed to handle the updates of the SI for the RRC_CONNECTED state UEs configured with an active BWP [5][6]
Agreements

1     UEs in connected mode monitor paging in the common search space in the active DL BWP. This is based on the assumption that common search space is provided in every DL BWP.

Agreements

1:
Monitoring of paging by the UE and SI reception by the UE is only for the NR PCell while the UE is in connected mode.
2
Provision of SI required for the connected mode UEs by dedicated signalling is an option for the network

3
UE acquires SI broadcast required for the connected mode UE from within the UE's active BWP, if it is provided. Paging is also provided in UE's active BWP as previously agreed). If it is not provided in the UE's active BWP then the UE does not acquire SI broadcast from within that BWP. (i.e. The UE does not switch active BWP autonomously for reception of SI broadcast) 

The agreement made by RAN2 means that updated SI is always provided to the RRC_CONNECTED UE using either dedicated signalling or broadcast message on the active BWP. 
One possible concern with this approach is signaling efficiency due to transmission of SI in more than one DL BWPs in a cell. Hence, it proposes to switch UE to initial BWP using paging DCI. First, it should be noted that this approach potentially has impact on RAN2 design e.g. discussing UE behaviour after switching to initial BWP. Additionally, it should be noted that BWP switching for retrieval of updated SI would result in switching gap and cause delay/interruption on the on-going service data including URLLC traffic. Also, the PWS SI (ETWS/CMAS) needs to be delivered to UE in a short time period. Due to the required gap, BWP switching is not possible at least for retrieving PWS SI. Hence, introducing paging DCI to allow SI on initial BWP only is not a unified design for SI update. Furthermore, With the current design it is still possible to transmit a SI update once with proper network configurations e.g. active BWP is partially overlapping with initial BWP’s part and hence there is no need to delivering SI information on multiple BWPs. More importantly, as in LTE, the SI update supposed to be less frequent and therefore signaling overhead should not be a real concern. 
Taking all these into account, although many solutions have been identified to optimize the efficiency, RAN2 still decided to adopt the most straightforward solution in R15 and consider further optimizaiton in the future. It is therefore nature to stick to RAN2 current agreements. 
Proposal 3: 
· No further enhancement for Reception of SI update.  
2.4 DC subcarrier indication 
In previous RAN1 meeting, it was agreed that DC subcarrier of the transmitter is indicated to allow the receiver to be aware of the interference in the DC subcarrier. The following are all agreements made in RAN1 related to DC subcarrier.
	Agreement from RAN1 #86

Agreement: 
· No explicit DC subcarrier is reserved both for DL and UL
Agreement from RAN1 #86bis

Agreements:
· Regarding DC present within the transmitter,

· DC Handling of DC subcarrier in transmitter side is specified

· Receiver knows where DC subcarrier is or is informed (e.g., by specification or signaling) of where DC subcarrier is or if DC subcarrier is not present within receiver bandwidth

· When receiver is informed DC subcarrier is present, FFS: transmitter DC subcarrier is punctured, rate matched, modulated, or EVM is not specified

· When DC subcarrier is not present, all subcarriers within the receiver bandwidth are transmitted

Agreements:
· Receiver side

· No special handling of the DC subcarrier(s) on the receiver side is specified in RAN1

· Behavior left to implementation, the receiver may for example puncture data received on the DC subcarrier

Agreement from RAN1 2017 Adhoc 1

Agreements:
· Handling of transmitter DC subcarrier at the transmitter (update of previous agreement)

· DL

· UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured.

· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.

· UL

· Transmit DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.

· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.

· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible

· The specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs

· This should be considered in the RS design for NR

· Specify means for the receiver to determine DC subcarrier location

· This involves semi-static signalling from UE and also standard specified DC subcarrier location

· FFS how to determine and how to indicate DC subcarrier location in the case of bandwidth adaptation

· Note that above DC subcarrier can be interpreted as DC subcarrier candidate

Agreements:
· RAN1 should consider the impact of the potential receiver DC subcarrier collision with RS used by that receiver, and whether NR design would offer the possibility of collision free operation

· Note that this does not create the requirement for receiver on receiver DC subcarrier handling

Conclusion from RAN1 #88bis

Conclusion:

· Consider the issue of collision between DC subcarrier and DMRS. 

· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account


Although, it was agreed in general to provide the signalling support for DC subcarrier candidates, it was never included as part of the RRC parameters and currently missing from RAN2 specification. Therefore, RAN1 needs to conclude whether to complete the specification by finalizing the details of DC subcarrier signalling or not to support DC subcarrier signalling given that nothing has been specified so far.
With the support of BWP, the placement of the DC subcarrier may need to quite diverse. The UE may not want to implement exact RF filters associated with BWP, as there may be too widely ranging sizes for BWP. BWP can be configured in units of PRBs, where maximum size is 275. In practice it would be impractical to implement RF filters that exact match each BWP size. Therefore, DC subcarrier placement may always not be near the center of the configured BWP.
In addition, when multiple component carriers (CC) are configured, UE may use multiple of single LO during the mixing operation. Furthermore, the placement of the LO in case of CA could be within the CC or even outside the CC.
Based on observations mentioned, the candidate DC subcarrier signalling would need to support the following aspects:

· Candidate Tx DC subcarrier placement for each active BWP

· Ability to indicate candidate Tx DC subcarrier(s) whenever BWP(s) and/or CC are (re)configured

· Flexible candidate Tx DC subcarrier position including the ability to indicate the Tx DC subcarrier placement within the BWP and also outside the BWP and also indicat no valid subcarrier position within the CC.
Additionally, it should be noted that indication of the Tx DC subcarrier to the receiver is to aid the receiver cope with potential interference. For the gNB receiver side, it has the added benefit of knowing where the potential interference from carrier is and performing appropriate reference signal configuration and resource allocation. Therefore, we believe if the signalling is to be supported, it should be supported for both DL and UL.
Proposal 4: 

· If candidate Tx DC subcarrier signalling is to be supported, support for both DL and UL. The candidate Tx DC subcarrier signalling to support the following properties:

· candidate Tx DC subcarrier indication for each configured BWP

· Ability to indicate candidate Tx DC subcarrier(s) whenever BWP(s) and/or CC are (re)configured

· Flexible candidate Tx DC subcarrier position including the ability to indicate the Tx DC subcarrier placement within the BWP and also outside the BWP and also indicat no valid subcarrier position within the CC
3. Conclusions

In this contribution, we have discussed the FFS aspects related to BWP adaptation. Based on the discussions, we made the following proposals: 

Proposal 1: 

In the case of only resource allocation type 1 is configured for the target BWP, the frequency-domain resource allocation field in DCI formats for BWP switching is interpreted as follows:
· The resource allocation (RIV) is interpreted according to the current BWP, resulting in start and length. 

· The start/length is scaled by a factor K and then applied to the target BWP where the data transmission occurs.
Proposal 2: 

· No need of additional mechanism for QCL assumptions during BWP switching.  

Proposal 3: 

· No further enhancement for Reception of SI update.  

Proposal 4: 

· If candidate Tx DC subcarrier signalling is to be supported, support for both DL and UL. The candidate Tx DC subcarrier signalling to support the following properties:

· candidate Tx DC subcarrier indication for each configured BWP

· Ability to indicate candidate Tx DC subcarrier(s) whenever BWP(s) and/or CC are (re)configured

· Flexible candidate Tx DC subcarrier position including the ability to indicate the Tx DC subcarrier placement within the BWP and also outside the BWP and also indicat no valid subcarrier position within the CC
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