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1. Introduction & Background

In previous meetings, the activation and deacitvtion of bandwidth part (BWP) by scheduling DCI has been agreed. However, the detailed procedure of the BWP acitvation/deactivation is still not decided yet. In addition, the link between the DL BWP and the UL BWP for unpaired spectrum is undefined. In this contribution, we will discuss the exact procedure for BWP activation/deactivation with DCI and the linkage for BWP pair.  Meanwhile, there are some unclear issues in the specifications regarding the BWP, we will have some further discussions on the text proposals. 
2. BWP activation/deactivation and pairing
1.1. BWP activation/deactivation with non-zero assignment

It has been discussed about the need of the CSI measurement in different BWPs. When such CSI measurement is required, it happens in the scenario that data needs to be transmitted in a larger BWP or in a BWP with better channel quality. Therefore, it is possible to switch the BWP with non-zero assingment DCI since there always exists data for transmission.  

When the BWP is activated / deactivated with the regular scheduling DCI, i.e. non-zero assignment DCI, as shown in Figure 1. In the DCIs, the BWP/BWP pair index field indicates the current active BWP/BWP pair index or the target BWP/BWP pair index; other fields indicate the normal data scheduling for current active BWP. Since the UE knows the index of its current active BWP/BWP pair, when it detects a DCI with the BWP/BWP pair index field indicating the same index as the current active BWP/BWP pair, it knows that the following transmission will be in the same BWP/BWP pair. When the UE detects a DCI with the BWP/BWP pair index field indicating a different index, it knows that the following transmission will be in a different BWP/BWP pair. The UE then performs BWP switching in the next slot, and starts to receive/transmit in the target BWP/BWP pair in the following slots. That is to say, a different BWP/BWP pair index indicates a BWP activation in the next slot. The data scheduling or measurement on the target BWP will be started after the RF is successfully retuned.
Figure 1 assumes that UE needs one slot for data reception and PDCCH decoding, and one slot for RF retuning. Furthermore, if the length of the PDSCH for the UE does not last for the whole slot, the UE can start RF retuning immediately after the data reception, and start to receive/transmit in the target BWP/BWP pair in the next slot if the remaining symbols in the current slot is long enough for DCI decoding and RF retuning. Similarly, in high frequency, with larger SCS, UE may need more slots for DCI decoding and RF retuning depending on the UE capability.
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Figure 1: BWP switching with non-zero assignment DCI
Since the data scheduling is always applied to the current BWP, there will be no DCI size ambiguity issue, it performs the same as ‘zero’ assignment DCI with zero data scheduling in the target BWP. Since the different BWP/BWP paird index always indicates the BWP switching for the next slot, there is no BWP ID ambiguity issue. Therefore, with such mechanism, a UE can switch to another BWP for CSI measurement, and can also swtich back with the same mechanism.  No modification or spefical design for DCI is required. 
Proposal 1: non-zero assignment DCI should be used for BWP switching. The data scheduling is applied for the current active BWP, and the different BWP/BWP pair index indicates the BWP switching in the next slot.
1.2. BWP pair for unpaired spectrum

In TS 38.213, it states that a UE is configured a set of at most four BWPs for reception in a DL bandwidth and at most four BWPs for transmission in an UL bandwidth. For unpaired spectrum operation, a UE can expect that the center frequency for a DL BWP is same as the center frequency of a UL BWP. And the UE will be configured with a BWP-pair-index for unpaired spectrum operation, which is a link between a DL BWP and an UL BWP from the set of configured DL BWPs and UL BWPs. However, the statements in TS 38.213 are not very clear. The link between the DL BWP and the UL BWP for unpaired spectrum is not explicitly defined. A simple and straightforward way is to define the DL BWP and the UL BWP with the same configured bandwidthPartId as a BWP pair. Therefore, the DL or UL bandwidthPartId is the BWP-pair-index. This mechanism is a one-to-one mapping, and will impose constrains on BWP configuration, i.e., the configured DL BWP and the UL BWP with the same index must have the same center frequency. If such constrains are not preferred, then a clear mapping between the BWP-pair-index and the DL BWP and UL BWP must be given. For example, BWP-pair-index 1 corresponds to DL BWP with bandwidthPartId 1 and UL BWP with bandwidthPartId 3. This mechanism allows one-to-many mapping, e.g., BWP-pair-index 2 corresponds to DL BWP with bandwidthPartId 2 and UL BWP with bandwidthPartId 3.
Proposal 2: Further clarify the linkage between the DL BWP and UL BWP for unpaired spectrum.
3. Discussions on text proposals
1.3. Text proposal 1 on TS38.213
In RAN1#90bis [1], it is agreed as below that an offset between PRB 0 and a reference location will be signaled in RRC:
Agreements:

· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 

· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI

· For Scell, the reference location is the frequency location indicated in the SCell configuration

· For SUL, the reference location is the frequency location indicated in the SUL configuration 

· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.

· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.

· The range of offset values should be >276*4, with the detailed values FFS
The previous descriptions of RRC parameter for DL-BWP-loc or UL-BWP-loc are commented with the above agreements. However, the RRC parameter DL-BWP-loc and UL-BWP-loc are removed from the RRC parameter list. The higher layer parameter locationAndBandwidth is used to inform the frequency location and bandwidth of the bandwidth part.
In RAN1#91 [2] meeting, is was agreed that 

Agreements:

· A UE is RRC signaled with the following for common PRB indexing

· Offset between a reference location and the lowest subcarrier of the reference PRB [point A] (i.e. PRB0 in previous agreements)

· For DL in Pcell, the reference location is the lowest subcarrier of the lowest PRB of the cell-defining SSB after floating SSB is resolved

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI, which is based on ARFCN after floating ARFCN is resolved

· For Scell, the reference location is the frequency location indicated in the SCell configuration, which is based on ARFCN after floating ARFCN is resolved

· For SUL, the reference location is the frequency location indicated in the SUL configuration, which is based on ARFCN after floating ARFCN is resolved

· The reference PRB is expressed based on 15KHz SCS for FR1 and 60KHz SCS for FR2

· The offset in the unit of PRB is indicated based on 15KHz SCS for FR1 and 60KHz SCS for FR2

· Common PRB with index 0 for all SCSs contains point A

· Offset between point A and the lowest subcarrier of the lowest usable PRB of a given SCS

· The offset is indicated in the unit of PRB based on the given SCS

· k0 for each SCS if k0 is kept in Section 5.3 of TS38.211

· Channel BW of the carrier configured to the UE

· Note: the offsets defined above should cover a frequency range larger than R15 defined maximal bandwidth

· The lowest subcarrier of the lowest PRB of the cell-defining SSB can be set with the granularity of channel raster after floating SSB is resolved

· From RAN1, RMSI is assumed to be always PRB-aligned with PRB grid. However, the current 4-bit PRB grid offset in PBCH with 15kHz SCS can’t ensure the above assumption when RMSI has 30kHz SCS. Therefore, for FR1, RAN1 agrees to increase from 4-bit PRB grid offset to 5-bit PRB grid offset in PBCH where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS, while for FR2, there is still 4-bit PRB grid offset and RAN1 assumes the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerlogy.  Send LS to RAN4 – Zhenfei (Huawei) R1-1721578
· The LS in R1-1721578 is approved by removing the paragraph (including the figure) after the agreements. Final LS in R1-1721669
· For Pcell DL in paired spectrum and Pcell DL & UL in unpaired spectrum, the above information is signaled to a UE is indicated in RMSI

· For Pcell UL in paired spectrum, the above information is indicated in RMSI and it’s also used to determine the frequency location of initial active UL BWP in paired spectrum
· The range of offset values is 0~(275*8-1), which requires 12 bits
The above agreements further clarify the definition of point A, which is contained in the common PRB 0. And the corresponding offsets are defined in offsetToPointA.
---------------------------------------------------------Start of text proposal 1---------------------------------------------------

12
Bandwidth part operation 

For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs, respectively, the UE is configured the following parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:

-
a subcarrier spacing provided by higher layer parameter DL-BWP-mu or UL-BWP-mu;

-
a cyclic prefix provided by higher layer parameter DL-BWP-CP or UL-BWP-CP;
-
a number of contiguous PRBs provided by higher layer parameter DL-BWP-BW or UL-BWP-BW; 

-
an index in the set of DL BWPs or UL BWPs by respective higher layer parameters DL-BWP-index or UL-BWP-index for paired spectrum operation, or a link between a DL BWP and an UL BWP from the set of configured DL BWPs and UL BWPs by higher layer parameter BWP-pair-index for unpaired spectrum operation;
-
a DCI 1_0 or DCI 1_1 detection to a PDSCH reception timing by higher layer parameter DL-data-time-domain, a PDSCH reception to a HARQ-ACK transmission timing value by higher layer parameter DL-data-DL-acknowledgement, a DCI 0_0 or DCI 0_1 detection to a PUSCH transmission timing value by higher layer parameter UL-data-time-domain;

-
an offset of the reference location of the DL bandwidth or the UL bandwidth, respectively, relative to the common resource block 0 by higher layer parameter offsetToPointA 

-
For the downlink of the primary cell, the  reference location is the first PRB of the SS/PBCH block used by the UE for initial cell selection;

-
For the uplink of the primary cell for paired spectrum operation, the  reference location is the frequency location of the UL bandwidth indicated by SystemInformationBlockType1;

-
For the uplink of the primary cell for unpaired spectrum operation, the reference location is the first PRB of the SS/PBCH block used by the UE for initial cell selection;
-
For a secondary cell or carrier, the reference location of the DL bandwidth or of the UL bandwidth is indicated to the UE by the higher layer configuration for the secondary cell or carrier.
-
The location and bandwidth for each DL BWP and UL BWP are determined by higher layer parameter locationAndBandwidth.
….
If a bandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator field value indicates the active DL BWP, from the configured DL BWP set, for DL receptions. If a bandwidth part indicator field is configured in DCI format 0_1, the bandwidth part indicator field value indicates the active UL BWP, from the configured UL BWP set, for UL transmissions.
---------------------------------------------------------end of text proposal 1----------------------------------------------------

1.4. Text proposal 2 on TS38.211
In TS 38.211, the physical resource blocks are defined in clause 4.4.4.4, and the common resource blocks are defined in clause 4.4.4.3. The starting position and the size of the BWP should all be indicated with the corresponding numerology μ as 
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. It was concluded in 3GPP RAN1#91 meeting as the following that, in Rel-15, there will be no size zero BWP. 
Conclusion:

· There is no consensus to introduce BWP with size 0 in Rel-15 

---------------------------------------------------------Start of text proposal 2---------------------------------------------------

4.4.5
Carrier bandwidth part
A carrier bandwidth part is a contiguous set of physical resource blocks as defined in clause 4.4.4.4, selected from a contiguous subset of the common resource blocks defined in clause 4.4.4.3 for a given numerology 
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---------------------------------------------------------end of text proposal 2 ----------------------------------------------------

4. Conclusion

In this contribution, we investigated the detailed procedures of BWP activation/deactivation by DCI and the BWP pair for unpaired spectrum. The following proposal is given:

Proposal 1: non-zero assignment DCI should be used for BWP switching. The data scheduling is applied for the current active BWP, and the different BWP/BWP pair index indicates the BWP switching in the next slot.

 Proposal 2: Further clarify the linkage between the DL BWP and UL BWP for unpaired spectrum.
Proposal 3: Adopt the text proposal 1 in TS38.213 update.

Proposal 4: Adopt the text proposal 2 in TS38.211 update.
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