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1 Introduction

In RAN1#90bis meeting, the following agreements on bandwidth part are achieved [1].
Agreements:

· In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP

· FFS whether or not there are any additional UE behavior that needs to be specified

· In a serving cell, for a UE, common search space for group-common PDCCH (e.g. SFI, pre-emption indication, etc.) can be configured in each BWP

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

In this contribution, remaining issues on bandwidth part are discussed.  More details could be found in our companion contributions [2]

 REF _Ref498436626 \r \h 
[4][5][6]. 
2 Relationship between CA & BWP

As shown in Table 1, the comparison of CA and BWP is summarized. Most parts of CA and BWP are similar, but BWP is the subordinate concept of serving cell, e.g. BWP is N contiguous PRB in one cell. CA feature is based on carriers/cells, e.g. contiguous/non-contiguous carrier aggregation. One major difference is the HARQ entity, whereby one HARQ entity exists in one cell, and multiple BWPs in one cell share one HARQ entity. In addition, the RRM mechanism is per cell.

Furthermore, UE behavior in CA and BWP is summarized in Table 2.
Table 1 Comparison of CA and BWP

	
	Component carrier
	BWP

	Spectrum
	Support for intra-band contiguous, non-contiguous, and inter-band CA
	Contiguous PRBs in one cell

	Number of configured CCs/BWPs
	Can be more than 1
	Can be more than 1

	Number of active CCs/BWPs
	 Up to 16 active CCs
	One active DL/UL BWP per component carrier, more than one in future release

	Activation/De-activation
	MAC CE 
	DCI

	HARQ entity
	One per each CC
	One for all BWPs in one cell

	TB mapping
	One TB per each CC
	One TB per each BWP

	Scheduling
	Support cross-carrier scheduling
	Self-scheduling and BWP adaptation


Table 2 UE behaviour in CA and BWP

	
	Component carrier
	BWP

	Scell configuration
	The Scell is added 
	At least one first active DL and/or UL BWP for the configured Scell is added

	Scell activation
	The Scell is activated
	The first active DL and/or UL BWP is activated

	Scell deactivation
	The Scell is de-activated
	All the BWPs of the Scell is de-activated

	BWP activation/deactivation
	N/A
	One DL and/or UL BWP is activated, another DL and/or UL BWP is de-activated.


3 BWP

3.1 BWP configuration
Issue #1: Association of DL BWP and UL BWP
In RAN1 #90bis, the DL/UL BWP has been agreed for TDD. For FDD, DL BWP and UL BWP can be also considered to jointly configured as a pair. Two reasons exist:
· Overhead reduction
If DL/UL BWP pair is not supported for FDD, then the DL BWP can be only switched by a DL grant and the UL BWP can be only switched by an UL grant. Two DCIs are needed to switch both DL BWP and UL BWP. With DL/UL BWP pair, either a DL grant or an UL grant DCI can switch the DL and UL BWP jointly, which reduces the overhead of DCI.
· Simplified specification

If BWP pair is supported only for TDD, the specification description for TDD and FDD will be different, and more complex than the unified paired scheme for both TDD and FDD. 
· For unpaired BWP, both DL-BWP-index and UL-BWP-index are needed. For paired BWP, only BWP-pair-index is required.
· For unpaired BWP, two DCIs (DL grant and UL grant) are required to switch UE’s DL and UL active BWP from narrow bandwidth to wide bandwidth. While only one DCI is needed for paired BWP.

· Fall-back mechanism for a UE missing DCI based activation/deactivation signaling in BWP switching has been agreed. For paired BWP, the UE will be switched to the default DL and UL pair when the timer is expired. For unpaired BWP, only the DL BWP is switched to the default DL BWP, the UL active BWP is still misaligned between gNB and UE, so gNB needs explicitly indicate the active UL BWP when the UE is switched to the default DL BWP, which is waste of resource.
· For CA case, one straight forward way is that if the scheduled carrier is un-pair spectrum, follow paired BWP and if the scheduled carrier pair spectrum, follow un-paired BWP
· For one serving cell with SUL, no explicit agreements so far

There are more and more potential different designs and restrictions between TDD and FDD, so our proposal is to support DL/UL BWP pair for both FDD and TDD.
Table 3 Specification impacts of paired BWP and unpaired BWP

	
	Paired BWP
	Unpaired BWP

	BWP configuration
	DL-BWP-configuration

UL-BWP-configuration
BWP-pair-configuration
	DL-BWP-configuration

UL-BWP-configuration

	BWP switching
	DL DCI switch both DL and UL active BWP

UL DCI switch both DL and UL active BWP
	DL DCI switch DL active BWP

UL DCI switch UL active BWP

	Timer based fall-back 
	Switch to the default DL and UL BWP pair
	Only switched to default DL BWP

	CA case
	If the scheduled carrier is un-pair spectrum, follow paired BWP
	If the scheduled carrier pair spectrum, follow un-paired BWP

	One serving cell with SUL
	No explicit agreements
	No explicit agreements


Proposal 1: Support DL/UL BWP pair for both FDD and TDD.
Issue #2: Details of the offset between PRB 0 for common PRB indexing and a reference location

1) Offset for PCC

For PCC DL, it is preferred that the offset between PRB 0 and the SS block is indicated in the number of PRBs using the same numerology as that of the SS block [2]. 
Proposal 2: The offset between the PRB 0 and the lowest PRB of SS block is indicated in number of PRBs using the same numerology as that of SS block.
For PCC UL with unpaired spectrum, the PRB0 is set according to PCC DL. For PCC UL with paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI. And the frequency location is right located at the channel raster, which is denoted as the EARFCN. 
	Agreement in RAN4#84bis:
100kHz Based Raster

· Raster to subcarrier position mapping

· Raster points to the center of the channel 

· SC#0 of RB# NRB/2 for even number of RBs

· SC#6 of RB# floor(NRB/2)for odd number of RBs 

SCS Based Raster

· Raster to subcarrier position mapping

· Raster points to the center of the channel 

· SC#0 of RB# NRB/2 for even number of RBs

· SC#6 of RB# floor(NRB/2)for odd number of RBs


According to the above agreement of RAN4 [3], the channel raster can be located either on SC#0 or SC#6 of a PRB depending on the available number of PRBs of the current cell. However, it is assumed that the carrier bandwidth is not known at the UE, thus, it is reasonable to indicate which SC the frequency location is aligned with. And the numerology of the offset between the PRB0 and the reference location for UL can be assumed the same as DL.

2) Offset for SCC
Similar to the case of PCC UL with paired spectrum above, the reference location is at SC#0 or SC#6 should be indicated to UE.  This indication can be contained in the Scell configuration. For example, the offset can be set as half PRB, or one dedicated bit to indicate SC#0 or SC#6.

Proposal 3: For SCC, the reference location is carrier frequency of the SCC, and is at SC#0 or SC#6 should be configured to UE by RRC signaling.
Issue #3: mixed numerology case
It should be noted that the PRB 0 of the common PRB indexing does not refer to the first actual PRB that is used for transmission in a carrier [4]. For mixed numerology case, PRB 0 of different numerologies can be obtained from PRB 0 of SS block numerology by a predefined rule, e.g. the subcarrier 0 of PRB 0 of a numerology with SCS F0 coincides with the subcarrier 0 of PRB 0 of any numerology with SCS other than F0, as illustrated in Figure 1.
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Figure 1. Common PRB indexing for mixed numerologies.

With such a predefined rule, the PRB grid of all numerologies will be determined by a UE once the PRB grid and PRB 0 of SS block numerology are indicated to the UE. Figure 2 shows examples of mixed numerologies with SCS F0 and 2F0. All examples in the figure show the same placement of the actual PRBs of SCS F0 which are used for transmission with symmetric guard band in the channel bandwidth, whereas each example illustrates a different placement of the actual PRBs of SCS 2F0 with different guard band arrangement. As illustrated, all possible placements of the actual PRBs satisfy the PRB indexing of Figure 1. 
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Figure 2. Different placements of actual PRBs used for transmission in a carrier.
Observation 1: RAN1 specification support both symmetric and asymmetric PRB placement within the channel bandwidth
Proposal 4: The subcarrier 0 of common PRB 0 of a numerology with SCS F0 coincides with the subcarrier 0 of common PRB 0 of any numerology with SCS other than F0.
Issue #4: RRC parameters 

For the RRC parameters configured to the UE, it is important to identify which parameter is configured per CC or per BWP or per UE. And the RRC parameters for different sub features should be further classified as follows.
Table 4 RRC parameters related to BWP

	Sub feature group
	Per BWP or per CC or per UE

	Bandwidth part
	Per CC

	CA and DC
	Per UE

	CBG (re)transmission
	Per BWP

	CORESET
	Per BWP

	CSI & Beam Management Framework
	Per BWP

	CSI Resource Configuration
	Per BWP

	DL Preemption
	Per BWP

	DMRS Resource Configuration
	Per BWP

	PDCCH/PDSCH
	Per BWP

	SRS Resource Configuration
	Per BWP

	Timing
	Per BWP

	UL Power Control
	Per BWP

	UL transmission without UL grant
	Per BWP


Proposal 5: RRC parameters should be further classified as per BWP or per CC or per UE.
3.2 Active BWP operation

Issue #1: Whether DCI format size is dependent on the bandwidth of the DL/UL BWP of a DL/UL serving cell?  
The DCI format size is highly affected by the length of the resource allocation field, and the length of the resource allocation field is closely related to the bandwidth of the BWP. A fixed length of resource allocation field independent of the bandwidth of the BWP can simplify the blind detection of this DCI. But the drawback is that many bits will be padded for a small bandwidth BWP. Take resource allocation type 0 as an example, assume that the size of the resource allocation field is set to 35 (considering the largest bandwidth of 275 RB with RBG size 8), then for a bandwidth of 24 RB with RBG size of 2, the occupied bits is 12, whereby 23 bits will be set to zero, which is a waste of resource. In fact, not all UEs are configured with a BWP with the largest number of 275 RBs. 
Proposal 6: Size of resource allocation field in DCI is dependent on the bandwidth of the DL/UL BWP.
Issue #2: CSS for BWP
During previous meeting, it was agreed that the frequency resource of the CORESET is used to define the frequency resource of the initial active BWP and is shared with OSI CORESET. Considering the relatively long periodicity for RMSI/OSI monitoring, there is no strong motivation to configured RMSI/OSI CORESET in a BWP other than the initial active BWP. This is also beneficial from signalling overhead reducing perspective. 

For RRC idle UEs, since the UEs are only aware of the location of initial active BWP, the UEs should monitor CORESET for paging in initial active BWP. For RRC connected UEs, on the contrary, CORESET for paging can be configured on any activated BWP with the same numerology of RMSI. This is beneficial for the case that gNB does not transmit PDCCH for paging scheduling in its configured monitoring periodicity. In this case, the continuity of data transmission to support e.g., throughput and/or latency requirement can be guaranteed.
For further avoid the retuning time for monitoring CORESET for RMSI, at least one DL BWP containing the initial active BWP should be configured for each UE. To this date, rather than retuning to the initial active BWP, UEs can monitor CORESET for RMSI on this DL BWP.

Proposal 7: 

· CORESET(s) for RMSI is only configured within the initial active DL BWP.
· RRC idle UEs monitor CORESET for paging on the initial active DL BWP.

· CORESET for paging can be configured on any activated DL BWP for RRC connected UEs.

Issue #3: Whether to support cross-BWP retransmission
Two scenarios could be considered for cross-BWP retransmission with same numerology
· Diversity gain and load balancing: The diversity gain can be obtained with retransmission on different BWPs. In addition, load balancing across multiple BWPs could be achieved. One example is given in Figure 3.
· Fast bandwidth adaptation: When BWP switching occurs before the scheduling of retransmission of the original BWP, e.g. the packet with large traffic suddenly arrives, if cross-BWP retransmission is not supported, retransmission data on the original BWP would be dropped. 
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Figure 3 Retransmission across BWPs for diversity and load balancing
In addition, it is agreed in RAN2 that the HARQ buffer is not flushed if BWP is switched, it actually provides an opportunity to obtain the gain of HARQ combination if cross-BWP retransmission is supported. However, due to the impact on RAN1/2 HARQ handling, our proposal is not support cross-BWP retransmission with the same numerology in Rel-15 and consider it further in later release.
Proposal 8: Not support cross-BWP retransmission with the same numerology in Rel-15 and consider it further in later release.
3.3 BWP switching
Issue #1: UE capability of supporting BWP switching
One important use case of BWP is to support different numerology. Since only one BWP is active in Release 15. The different numerology can be supported with the BWP switching. It’s agreed that BWP switching with same numerology is beneficial for UE power saving. For different numerologies, the benefits of supporting dynamic BWP switching are:

· Initial access requirement

In the procedures for initial access, the subcarrier spacing for SS/PBCH block is either 15 or 30 kHz under 6 GHz. When a UE processes the master information block (MIB), one field indicates configuration information about the remaining minimum system information (RMSI) for the associated SS/PBCH block. The benefit of switching subcarrier spacings for SS/PBCH and RMSI can be found in two aspects:

· A UE can obtain better timing and measurements using the 15 kHz spacing (longer OS) while the network can minimize the overhead of RMSI, other system information (OSI), and RACH with smaller OS.

· Another benefit is LTE / NR cell detection. Although the timing and patterns of the SSS/PSS are different between LTE and NR, having the NR SSS/PSS operate with 30 kHz spacing can simplify system identification for UEs initially. Afterwards, the RMSI can use 15 kHz spacing.
· Dynamic resource sharing between eMBB and URLLC
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Figure 4 BWP switching with different numerologies

For URLLC in TDD, it is preferred to use 60kHz SCS and 7-symbol mini-slot-based transmission to satisfy the latency requirement of URLLC [5]. For eMBB, both 30kHz and 60kHz could be used. In a typical case, 7-symbol mini-slot based transmission with 60kHz is adopted by URLLC, and eMBB transmission uses 30kHz slot of 14 symbols. FDM of 60kHz and 30kHz is exploited. When there is no URLLC traffic, eMBB traffic can be scheduled with same granularity as URLLC, e.g., 7OS mini-slot, which will not require pre-emption. Therefore, the resource utilization ratio is improved by BWP switching of eMBB UE. 
· Service switching
For UEs supporting both eMBB and URLLC, the traffic type for the UE can be switched flexibly by BWP switching. Otherwise, 
Proposal 9: BWP switching should be mandatory for the UE.
Proposal 10: BWP switching PDCCH can have different numerology with the scheduled PDSCH/PUSCH.
Issue #2: DCI design for active BWP switching with scheduling

As a scheduling DCI for BWP switching, the DCI is sent on the current active BWP and scheduling information is for the new BWP [6]. Similar to CIF in LTE, a BWP indicator field (BIF) should be included in this scheduling DCI. In the scenario that there is a single active BWP, there will be only one DCI in a slot for scheduling the current BWP or scheduling another BWP. Therefore, the same CORESET could be used for the DCI scheduling the current BWP and the DCI scheduling another BWP, and no DCI congestion occurs. To reduce the number of blind decoding, it is better to keep the same DCI payload size for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 

Proposal 11: Support the same CORESET for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 
To achieve the same payload size of the two DCI, one approach is adding padding bits in the DCI. However, this approach has the drawback of padding too many bits and wasting DCI resource [6]. Another approach is to use fallback DCI for BWP switching. Since RA type 1 is used in the fallback DCI, smaller number of bits in RA field is required when padding is adopted. To keep the resource allocation field with the same length for different BWPs, one option is setting the bit field length of the resource allocation in the DCI according to the largest BWP size among all configured BWPs. The bit length of the RA field is UE-specific, which depends on the BWPs that configured to this UE.
Proposal 12: Support fallback DCI with BWP index and RA type 1 to activate a new BWP and the length of RA field in determined according to the largest configured BWP size. 
Issue #3: DCI design for active BWP switching only without scheduling

One usage scenario of DCI without scheduling for active BWP switching is to measure the CSI before scheduling. It can be taken as an implementation issue of DCI with scheduling, for example, the resource allocation field can be set to zero, which means no data will be scheduled. For other fields in this DCI, a CSI/SRS request field can be contained.

Issue #4: Guard period for RF retuning
Except for the time for RF retuning, some other time for the BWP switching, e.g., baseband operation and AGC adjustments should be also taken into account. A guard period could be defined to take RF retuning and the related operations into account. Since the UE can neither transmit nor receive signals in the guard period. It is important for the gNB to know the length of the guard period. Thus, the length of the guard period should be reported to the gNB as a UE capability. The length of the guard period is closely related on the numerologies of the BWPs, the length of the slot and so on. One option is to report the absolute time in µs, and another option is reuse R14 design in SRS switching, i.e., in terms of half symbol duration for a reference numerology.
Proposal 13: The length of the guard period for RF retuning should be reported as a UE capability.
After the gNB knows the length of the guard period by UE reporting, it is also important to keep the time domain position of guard period aligned between the gNB and the UE.
For the BWP switching triggered by DCI and timer, guard period for DCI and timer based BWP switching can be an implementation issue. But for BWP switching following some time pattern, the position of the guard period should be defined. For example, if the UE is configured to switch periodically to a default BWP for CSS monitoring, the guard period should not affect the symbols carrying CSS.

Proposal 14: The guard period for RF retuning should be predefined for time pattern triggered BWP switching.
3.4 CSI measurement

For CSI-RS measurement, the following two alternatives are discussed in the email discussion.

· Alt-1: A UE can perform CSI measurement outside of its active BWP via a measurement gap configuration

· Alt-2: A UE can only perform CSI measurement within its active BWP

· The CSI measurement outside of the current active BWP is performed via BWP switching.

For the agreed three BWP usage scenarios, CSI measurement outside its current BWP is only needed in scenario 2 (UE power saving). We support Alt-2 and the following reasons are given.

(1) Resource efficiency
In BWP scenario 2, BWP is switched from a narrow BW to a wide BW when a large amount of data is arrived.  However, the traffic is not arrived at regular intervals and cannot be predicted. Perform periodic CSI measurement outside of the active BWP via a measurement gap configuration will lead performance loss due to the wasted gaps. Another better solution is Alt-2, when the burst traffic is arrived, BWP switching and aperiodic CSI measurement on the switched BWP could be trigged by gNB.
Furthermore, the requirement of CSI measurements is not the same as that of RRM measurements. Accurate CSI measurements outside active BWP is very challenging. Similarly, we didn’t support CSI measurements for non-activated CC in LTE CA.
(2) Specification work
In RAN1#90bis, the following agreement was concluded:

	Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 

· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)

· FFS: Whether the value of X is same or different for beam management and CSI acquisition

· FFS: The value of X may or may not be numerology-dependent


It can be seen for serving cell, CSI-RS resource is associated to BWP, and the bandwidth of CSI-RS is configurable. Therefore, different from SS-block based RRM measurement, CSI-RS measurement should be within the BWP framework. 
It has already been agreed DCI could be used for BWP switching. By the BWP index and CSI request fields in the DCI, Alt-2 is achieved. While for Alt-1, there are plenty of spec work for CSI measurement including reference resource of CSI acquisition, CSI reporting channel, any specific measurement restriction, reporting types, etc.  
Proposal 15: A UE can only perform CSI measurement within its active BWP. The CSI measurement outside of the current active BWP is performed via BWP switching.
4 Conclusion
Observation 1: RAN1 specification support both symmetric and asymmetric PRB placement within the channel bandwidth
Proposal 1: Support DL/UL BWP pair for both FDD and TDD.
Proposal 2: The offset between the PRB 0 and the lowest PRB of SS block is indicated in number of PRBs using the same numerology as that of SS block.
Proposal 3: For SCC, the reference location is carrier frequency of the SCC, and is at SC#0 or SC#6 should be indicated to UE.
Proposal 4: The subcarrier 0 of common PRB 0 of a numerology with SCS F0 coincides with the subcarrier 0 of common PRB 0 of any numerology with SCS other than F0.
Proposal 5: RRC parameters should be further classified as per BWP or per CC or per UE.
Proposal 6: Size of resource allocation field in DCI is dependent on the bandwidth of the DL/UL BWP.
Proposal 7: 

· CORESET(s) for RMSI is only configured within the initial active DL BWP.
· RRC idle UEs monitor CORESET for paging on the initial active DL BWP.

· CORESET for paging can be configured on any activated DL BWP for RRC connected UEs.

Proposal 8: Not support cross-BWP retransmission with the same numerology in Rel-15 and consider it further in later release.
Proposal 9: BWP switching should be mandatory for the UE.
Proposal 10: BWP switching PDCCH can have different numerology with the scheduled PDSCH/PUSCH.
Proposal 11: Support the same CORESET for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 
Proposal 12: Support fallback DCI with BWP index and RA type 1 to activate a new BWP and the length of RA field in determined according to the largest configured BWP size. 
Proposal 13: The length of the guard period for RF retuning should be reported as a UE capability.
Proposal 14: The guard period for RF retuning should be predefined for time pattern triggered BWP switching.
Proposal 15: A UE can only perform CSI measurement within its active BWP. The CSI measurement outside of the current active BWP is performed via BWP switching.
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