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1 Introduction

In RAN1 NRAH#3 meeting, the following agreements on bandwidth part are achieved [1].
Agreements:
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

Agreements:
· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· FFS association of DL BWP and UL BWP

· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions

Agreements:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)
In this contribution, remaining issues on bandwidth part are discussed.  More details could be found in our companion contributions [2][3]

 REF _Ref494530290 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref494530309 \r \h 
 \* MERGEFORMAT [5]. This is a revision of R1-1715425.
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. 
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 or DCI
	DCI

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

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


Considering the similar features of CA and BWP in physical layer, e.g. TB mapping, scheduling, activation/de-activation, one common framework for CA and BWP should be used, while some differences will exist. 
3 BWP

3.1 Initial active BWP

For initial active DL BWP, the SS block, CORESET for RMSI, NR-PDSCH carrying RMSI, paging, OSI, Msg.2 and Msg.4 should be transmitted within the BWP [2]. This means that UE should know the bandwidth and frequency of the initial active DL BWP after receiving the NR-PBCH. 

· Bandwidth of initial active DL BWP
It has been agreed that the initial active DL bandwidth part is confined within the UE minimum bandwidth for the given frequency band, the bandwidth can be indicated in PBCH, some bandwidth candidates should be predefined, and [x] bits can be used for indication. This enables more flexible for DL information scheduling.
· Frequency location of initial active DL BWP

The frequency location of the initial active DL BWP can be derived from the bandwidth and SS block, e.g. center frequency of the initial active DL BWP and SS block has a frequency offset, as the edge of SS block PRB and data PRB boundary may not be aligned. Predefining the frequency location of SS block and initial active DL BWP can reduce the PBCH payload size, additional bits are not needed for indication of frequency location of initial active DL BWP.
For the paired UL BWP, the bandwidth and frequency location can be informed in RMSI.

Proposal 1: The bandwidth of initial active DL BWP is informed in NR-PBCH.
Proposal 2: The center frequency of initial active DL BWP is derived from center of SS block and the offset between the edge of SS block PRB and data PRB boundary.
3.2 BWP configuration
Issue #1: Maximum number of configured BWPs per carrier for one UE
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Figure 1 Combination of BWP usage scenario #2 and #3
In RAN1 NRAH#2, 3 usage scenarios for BWP are agreed. To support reduced UE energy consumption in the scenario of FDM of different numerologies, as illustrated in Figure 1, at least 4 configured BWPs for one UE should be supported.

Issue #2: Association of DL BWP and UL BWP
In RAN1 NRAH#2, the following agreement on retuning between DL and UL BWP in TDD is achieved.
	RAN1 NRAH#2 agreement:
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS

· For TDD, separate sets of BWP configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS

· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL


A joint activation/deactivation in an implicit way can be considered to avoid this retuning. As shown in Figure 2, two cases are analysed.
· Case 1: The center frequency of the activated DL BWP is not changed.
As shown in Figure 2 (a), since the center frequency of DL BWP0 and DL BWP1 is the same, no center frequency retuning is needed between DL BWP1 and UL BWP0, and it is not necessary to deactivate UL BWP0 and activate a new UL BWP.
· Case 2: The center frequency of the activated DL BWP is changed.
As shown in Figure 2 (b), since the center frequencies of DL BWP0 and DL BWP1 are different, it is necessary to deactivate UL BWP0 and activate UL BWP1 to avoid retuning the center frequency between DL and UL BWP. 
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Figure 2 Retune between DL and UL BWP in TDD
Proposal 3: For TDD, if the center frequency of the activated DL BWP and deactivated DL BWP is not aligned, the active UL BWP should be switched implicitly.
Issue #3: Whether support overlapped BWP configuration with same/different numerologies from network and UE side or not  
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Figure 3 Dynamic resource allocation of different numerologies
To achieve dynamic resource allocation of different numerologies in FDM/TDM fashion, it is beneficial to support overlapped BWP configuration with different numerologies from the network side, one example is illustrated in Figure 3. For the CSI measurement within one BWP, if the CSI-RS/SRS is collided with data/RS in another BWP, the collision region in another BWP could be rate matched.  Consequently, CSI information over the two BWPs is known at gNB side by UE reporting, and dynamic resource allocation with different numerologies in a FDM manner could be achieved by gNB scheduling.

Proposal 4: At least from network side, BWPs with different numerologies could be overlapped, and rate matching for CSI-RS/SRS of another BWP in the overlapped region could be considered.
Issue #4: UE RF bandwidth indication 
In NR, considering the UE RF bandwidth capability, the RF bandwidth of the UE is usually smaller than the carrier bandwidth. The supported RF bandwidth for a UE is usually a set of discrete values (e.g., 10MHz, 20MHz, 50MHz and so on), for energy saving purpose, the UE RF bandwidth should be determined as the minimum available bandwidth supporting the BWP bandwidth. But the granularity of  BWP bandwidth is PRB level, which is decoupled with UE RF bandwidth and more flexible. As a result, in most cases the UE RF bandwidth is larger than the BWP bandwidth. The UE may receive the signal outside the carrier bandwidth, especially if the configured BWP is configured near the edge of the carrier bandwidth, as shown in Figure 4(a). And the inter-system interference or the interference from the adjacent cell outside the carrier bandwidth will impact the receiving performance of the BWP. Thus, to keep the UE RF bandwidth in the carrier bandwidth as shown in Figure 4(b), it is necessary to indicate the frequency location of the UE RF bandwidth by gNB.
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Figure 4 UE RF bandwidth location
Proposal 5: The frequency location of UE RF bandwidth should be indicated by gNB.

3.3 Active BWP operation

Issue #1: Synchronization tracking within active DL BWP, especially for that containing no SS-block  
There are several options for synchronization tracking within an active DL BWP without SS block. One option is configuring TRS along with DL BWP configuration. Another option is that a DL BWP with SS block or TRS is configured as a reference for synchronization tracking, which is similar to the design of CSS monitoring when the BWP is not containing common CORESET. 
Issue #2: 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 #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 5.
· 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 5 Retransmission across BWPs for diversity and load balancing
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 7: Not support cross-BWP retransmission with the same numerology in Rel-15 and consider it further in later release.
3.4 Bandwidth adaptation 

3.4.1 Details of DCI-based BWP activation/deactivation
Issue #1: 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. 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 8: Support the same CORESET for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 
To support the scheduling DCI for BWP switching, a BWP group could be configured by gNB, in which the same numerology is assumed in one group. Then BWP switching for the BWP group could be configured, in which BIF is present in the CORESETs for all BWPs in the group.
Proposal 9: Scheduling DCI for BWP switching is configured per BWP group, in which any one active BWP in the group can be switched to any other BWP in the group.
Specifically, how to design the resource allocation field with the same length for different BWPs should be discussed [3]. One option is setting the bit field length of the resource allocation in the DCI as the largest RBG number among all configured BWPs if type 0 is adopted. As shown in Figure 6, the bit length is 7 for the BWP2 and 5 for BWP1, then 7 is adopted and 2 bits are reserved for BWP1. The bit length of the RA field is UE-specific, which depends on the BWPs that configured to this UE. 
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Figure 6 Activation/deactivation with scheduling DCI for BWP switching
Proposal 10: The size of Type0 RA bitmap is the maximum RBG number in the configured BWPs.
Issue #2: 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.

3.4.2 Details of timer-based BWP activation/deactivation
Issue #1: Scenarios of timer-based BWP activation/deactivation
Timer-based BWP activation/deactivation can be considered in the following two scenarios where a UE switches to a default BWP when the timer expires.
1) Power saving for a UE switching to a default BWP with smaller BW

2) Fallback for a UE missing DCI based activation/deactivation signaling to switch from one BWP to another BWP.
Observation 1: Timer-based BWP activation/deactivation can be used in the cases of power saving and fallback operation.
Issue #2: Whether default DL BWP is configurable or not

A DL BWP other than the initial active DL BWP can be configured to a UE as the default DL BWP. The reasons are as following. One is for load balancing otherwise all UEs will switch to the same initial active DL BWP. The other one is because of different numerologies used for active DL BWP and initial active DL BWP. For the latter one, there is no strong motivation for a UE to change its numerology in the case of power saving or fallback since the UE may still have traffic transmitted in the default BWP.

Proposal 11: The default DL bandwidth part can be reconfigured by the network.
Issue #3: New timer or reuse DRX timer
A new timer is preferred for either power saving or fallback. The main reason is the introduction of new status in these two scenarios compared with DRX. In DRX, a UE does not need to monitor PDCCH when the DRX timer expires. However, in the case of either power saving or fallback, a UE is required to monitor PDCCH in the default DL BWP. Therefore, it is not a good choice to reuse DRX timer for a UE to switch its active DL BWP to the default DL BWP.

Proposal 12: New timer should be introduced for timer-based BWP activation/deactivation. 
Issue #4: Triggering conditions of the timer

For power saving, DRX timer can be considered as a baseline. Generally, an “On duration” can be configured and the timer starts when a UE-specific PDCCH is successfully decoded indicating a new transmission during the “On duration”. Moreover, the time restarts when a UE-specific PDCCH is successfully decoded indicating a new transmission and stops once the UE is scheduled to switch to the default DL BWP.
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Figure 7 Timer for power saving

For fallback, the timer can starts once the UE switches to a new DL BWP. The timer restarts when any UE-specific PDCCH is successfully decoded. Such UE-specific PDCCH can be associated with a new transmission, a retransmission or some other purpose, e.g., SPS activation/deactivation if supported.
[image: image9.emf]Decoded UE-specific PDCCH

Fallback timer

Decoded UE-specific PDCCH

Fallback timer


Figure 8 Timer for fallback

3.4.3 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 [4]. 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 to report the guard period in symbols. 

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.
3.5 Common PRB indexing

3.5.1 PRB grid for RMSI numerology
For RMSI delivery, the UE needs to find the PRB grids for the CORESET for RMSI scheduling and NR-PDSCH carrying the RMSI due to “floating sync”. The offset of the SS/PBCH block is indicated in the PBCH, the offset is in the number of subcarriers of the SS/PBCH block numerology. If the RMSI numerology indicated in the PBCH is larger than the SS block, the PRB grid is unknown for the UE. The PRB grid for the RMSI numerology is also should be indicated in the PBCH.

Proposal 15: The offset between the edge of data PRB with SS block numerology and data PRB with RMSI numerology is indicated in PBCH.
3.5.2 Types of common PRB indexing 
It was agreed that a common PRB indexing is used at least for DL BWP configuration in RRC connected state with the respect to the PRB 0 indicated by RMSI or RRC. Therefore, before the PRB 0 is indicated, e.g., for scheduling RMSI, another PRB 0 should be indicated via NR-PBCH with respect to the lowest PRB of SS block and with limited signaling overhead. When multiple SS blocks exist in a wideband CC, there will be multiple reference points for different UEs. Consequently, two types of common PRB indexing should be supported respectively during initial access and in RRC connected state.
3.5.2.1 Type I common PRB indexing
There is likely a common understanding that both the CORESET and the PDSCH for RMSI are within an agreed initial active DL BWP. Therefore, at least the scheduling for RMSI and the common RS generation and mapping should be based on Type I common PRB indexing. Since such DL BWP is confined with the UE minimum bandwidth, the maximum number of PRB in Type I common PRB indexing is no larger than the UE minimum bandwidth. This is beneficial for guarantee the common DCI for RMSI scheduling as a compact one.

As proposed in our companion’s contribution [5], the initial active DL BWP is central aligned with the corresponding SS block. Then as shown in Figure 9, Type I common PRB is indexed within the initial active DL BWP with the PRB 0 as the lowest PRB of the initial active DL BWP. Obviously, the maximum number of PRB in Type I common PRB indexing is the determined by initial active DL BWP bandwidth. 
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Figure 9 Type I common PRB indexing: {0, …, M-1}

Proposal 16: Define common PRB indexing for initial access with respect to the PRB 0 determined by the center of the SS block and the bandwidth of initial active BWP.
3.5.2.2 Type II common PRB indexing
Type II common PRB indexing refers to the agreed common PRB indexing for BWP configuration in RRC connected state. As agreed in ‎

 REF _Ref494358297 \r \h 
‎[1], BWPs are configured for each UE-specific serving cell.

3.5.2.2.1 Type II common PRB indexing for PCC

For PCC, the location of PRB 0 is preferred to be signaled through RMSI rather than RRC since it is common to all UEs. 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. For supporting MU-MIMO, it is gNB’s responsibility that the same reference point is indicated to all UEs in the case of multiple RMSIs in a wideband CC so as to avoid misunderstanding of PRB indexing, as illustrated in Figure 10.
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Figure 10 Type II common PRB indexing
Proposal 17: For common PRB indexing used for BWP configuration in RRC connected state, the offset between the PRB 0 and SS block is indicated through RMSI in number of PRBs using the same numerology as that of SS block.
3.5.2.2.2 Type II common PRB indexing for SCC

Two cases can be considered regarding the relationship between an SCC of a CA UE and the wideband CC:

· Case (a): PCC and SCC belong to the same wideband CC from network’s perspective. In this case, the same common PRB indexing and thus the same PRB 0 as the wideband CC should be used for both PCC and SCC.

· Case (b): PCC and SCC do not belong to the same wideband CC from network’s perspective. In this case, the common PRB indexing of the SCC can be different from the common PRB indexing of the PCC, and thus, the location of the PRB 0 for common PRB indexing of the SCC should be signaled to a UE as part of the SCC configuration.

Proposal 18: For common PRB indexing used in an SCC, the following is signaled as part of the SCC configuration:

· Whether or not the PRB 0 of the SCC is different from the PRB 0 of the PCC

· Location of PRB 0 of the SCC, if it is different from the PRB 0 of the PCC

To summarize, two types of common PRB indexing related to different reference points and bandwidth should be considered as listed in the following table.

Table 2 Types of common PRB indexing

	Common PRB indexing
	PRB 0
	Bandwidth
	Use cases

	Type I
	Indicated by NR-PBCH (derived from center of SS block and 1/2 initial active BWP BW)
	Initial active BWP BW
	Group common PDSCH scheduling 

	
	
	
	Common RS generation and mapping

	Type II
	PCC: Indicated by RMSI

SCC: Indicated in SCC configuration
	Maximum carrier BW
	UE-specific RS generation and mapping

	
	
	
	BWP configuration


3.5.3 Mixed numerology case

For mixed numerology case, the reference PRB (or PRB 0) of different numerologies can be obtained from the reference PRB of SS block numerology by a predefined rule. For example, the predefined rule can be left-alignment of the reference PRBs of difference numerologies as illustrated in Figure 11. With such a predefined rule, the PRB grid of all numerologies will be determined by a UE once the PRB grid and reference PRB of SS block numerology are indicated to the UE.
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Figure 11 Left-alignment of reference PRBs of different numerologies 

Proposal 19: The reference PRB of each numerology is determined from the reference PRB of SS block numerology by a predefined rule. 
4 Conclusion
Proposal 1: The bandwidth of initial active DL BWP is informed in NR-PBCH.
Proposal 2: The center frequency of initial active DL BWP is derived from center of SS block and the offset between the edge of SS block PRB and data PRB boundary.
Proposal 3: For TDD, if the center frequency of the activated DL BWP and deactivated DL BWP is not aligned, the active UL BWP should be switched implicitly.
Proposal 4: At least from network side, BWPs with different numerologies could be overlapped, and rate matching for CSI-RS/SRS of another BWP in the overlapped region could be considered.
Proposal 5: The frequency location of UE RF bandwidth should be indicated by gNB.

Proposal 6: Size of resource allocation field in DCI is dependent on the bandwidth of the DL/UL BWP.
Proposal 7: Not support cross-BWP retransmission with the same numerology in Rel-15 and consider it further in later release.
Proposal 8: Support the same CORESET for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 
Proposal 9: Scheduling DCI for BWP switching is configured per BWP group, in which any one active BWP in the group can be switched to any other BWP in the group.
Proposal 10: The size of Type0 RA bitmap is the maximum RBG number in the configured BWPs.
Observation 1: Timer-based BWP activation/deactivation can be used in the cases of power saving and fallback operation.
Proposal 11: The default DL bandwidth part can be reconfigured by the network.
Proposal 12: New timer should be introduced for timer-based BWP activation/deactivation. 
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: The offset between the edge of data PRB with SS block numerology and data PRB with RMSI numerology is indicated in PBCH.
Proposal 16: Define common PRB indexing for initial access with respect to the PRB 0 determined by the center of the SS block and the bandwidth of initial active BWP.
Proposal 17: For common PRB indexing used for BWP configuration in RRC connected state, the offset between the PRB 0 and SS block is indicated through RMSI in number of PRBs using the same numerology as that of SS block.
Proposal 18: For common PRB indexing used in an SCC, the following is signaled as part of the SCC configuration:

· Whether or not the PRB 0 of the SCC is different from the PRB 0 of the PCC

· Location of PRB 0 of the SCC, if it is different from the PRB 0 of the PCC

Proposal 19: The reference PRB of each numerology is determined from the reference PRB of SS block numerology by a predefined rule. 
References

[1] Chairman notes RAN1 NRAH#3
[2] R1-1717057, “On initial active bandwidth part”, Huawei, HiSilicon, Prague, Czech Republic, 9 - 13 October 2017.

[3] R1-1717078, “DL/UL resource allocation and TB size determination”, Huawei, HiSilicon, Prague, Czech Republic, 9 - 13 October 2017.
[4] R1-1717905, “Bandwidth part activation and adaptation”, Huawei, HiSilicon, Prague, Czech Republic, 9 - 13 October 2017.

[5] R1-1717904, “Coexistence of different UE types on a wideband carrier”, Huawei, HiSilicon, Prague, Czech Republic, 9 - 13 October 2017.

