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1. Introduction

In RAN1#89 meeting, two WFs were agreed on “bandwidth part” (BWP) [1]: 
Agreement (RAN1#89): 
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching
Agreement (RAN1#89): 
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.

· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 

· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)

· Option #1: DCI (explicitly and/or implicitly) 

· Option #2: MAC CE

· Option #3: Time pattern (e.g. DRX like)

· Details FFS

The first part of this paper addresses some FFS areas on BWP configuration/activation, e.g. how to configure a BWP, how to activate BWP, necessity of multiple active BWPs.
Also RAN1#89 meeting, 2 other WFs were agreed on RB-level resource allocation (RA) [1]:
Agreement (RAN1#89): 
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.

· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.

· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.

· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.

Agreement (RAN1#89): 
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes

· RBG size may or may not depend on the number of symbols for data
· For determining RBG size, the following options are considered

· Opt. 1: RBG size is determined by the NW channel BW

· FFS: Necessity of signaling

· Opt. 2: RBG size is determined by BW for the configured BW part

· FFS: Necessity of signaling

· FFS: Multiple configured BW parts
· Opt. 3: RBG size is configured by NW

· FFS: Set of configurable RBG sizes may depend on frequency range

· Opt. 4: RBG size is determined by DCI
· FFS: Signaling details

The second part of this contribution will discuss the open issues based on the above two WFs, e.g. RBG size determination and Type 0 bitmap design.

2. BWP configuration
It was agreed in RAN1#89 that one BWP is semi-statically configured and associated with one numerology. Open issues include:

· How to configure numerology for a BWP?

· How to configure location and size of a BWP?

· How default BWP is defined/configured?

· Whether/how to configure CORESET in a BWP?

How to configure numerology for a BWP?
A straightforward method is to explicitly indicate the numerology in the RRC signaling configuring a BWP, and to define an index for the BWP. When gNB refers to a BWP by indicating its index, it also refers to the corresponding numerology. 
The numerology at least includes subcarrier spacing (SCS). Whether CP length is also included in the BWP configuration is FFS. Our observation is that the BWP can avoid including CP length. BWP is user-specific configuration whereas CP length is more likely to be a cell-specific configuration. Hence CP length can be determined during initial access procedure, and does not need to be re-configured in BWP configuration. Allowing UE-specific CP length may complicate the system design.
How to configure location and size of a BWP?
A BWP consists of a number of RBs. Since BWP is used as a coarse resource allocation, although different BWPs may be associated with different SCSs, we do not see necessity of defining a BWP size using its associated SCS. A simpler approach is to always describe a BWP size using the number of RBs or RB groups based on the largest SCS supported in the cell. As illustrated in Fig.1, although BWP1 and BWP2 are associated with SCS=15kHz and SCS=60kHz respectively, the size of the two BWPs are configured using 2 RBs based on SCS=60kHz.
Indicating the starting RB is a simple way to configure the location of a BWP. However, since the BWP size may be substantially smaller than the carrier bandwidth, it is may be inefficient to index the starting RB relative to center frequency or starting RB of the carrier bandwidth. A more reasonable approach may be to indicate the offset between the starting RB of the BWP and the SS block the UE used for its initial access. It is natural the BWP configured to a UE is to some extent close to the SS block for initial access.
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Fig.1: BWP size configuration
How default BWP is defined/configured?
During the initial access procedure or when UE-specific BWP configuration is missed, a default BWP may be used. In principle, the default BWP can be configured in system information relative to SS block a UE used for its initial access. However, we do not see the necessity of a configurable default BWP. The default BWP for a UE can simply be in size of the UE RF capability and centered at SS block the UE used for initial access. Thus the default BWP can be determined by a UE without any additional signaling.
Whether/how to configure CORESET in a BWP?
Althrough in principle a CORESET can be configured without using a BWP, configuring a CORESET based on a BWP may be a more attractive approach because it requires less signaling overhead. The first CORESET for a UE during the initial access can be configured based on its default BWP.
And we think from UE perspective, BWP without CORESET should be allowed. A BWP without CORESET does not mean the frequency range covered in the BWP cannot contain a CORESET from cell perspective, but means no CORESET is configured based on the BWP for a specific UE. gNB can use the BWP for pure data channel scheduling for the UE.

Proposal 1: On BWP configuration:
· Explicit indicating SCS associated with a BWP in the RRC signaling conveying the BWP configuration.
· Configuring size and location of a BWP in number of RBs based on the largest SCS supported in the cell. 

· Configuring starting RB of a BWP relative to the SS block the UE used for initial access.
· Default BWP for a UE is in size of the UE RF capability and centered at SS block the UE used for initial access.
· CORESET is configured based on a BWP. 
· The first CORESET for a UE during the initial access can be configured based on its default BWP. 
· From UE perspective, a BWP without a CORESET configuration can be configured. 
3. BWP activation
It was agreed in RAN1#89, some approaches are considered to indicate a active BWP including DCI, MAC CE, time pattern or their combinations.
Open issues include:

· How to activate a BWP?

· Whether multiple BWP can be active for a UE simultaneously?
How to activate a BWP?
The BWP for PDSCH or PUSCH is for resource allocation. Hence the activation of a BWP is closely related to the resource grant, i.e. a BWP is activated for assigning a resource. A DCI conveying a DL/UL resource grant contains a indication of the BWP used for the resource allocation. Then the BWP is naturally activated during the transmission with the resource allocation. We do not see the necessity of activating a BWP for multiple resource grants. If multiple BWPs configured for PDSCH or PUSCH, an explicit BWP indication is needed. Or, the BWP can be implicitly indicated if only one BWP configured for PDSCH or PUSCH.
A BWP for PDCCH monitoring can be activated in SPS manner, i.e. the BWP turns active every N symbols for PDCCH monitoring. The activation of the SPS-like BWP is based on a DCI and/or a pre-defined time pattern, e.g. DRX on-duration. In our companion contribution [2], we also discuss the scenario in which the N can be changed by DCI.
Whether multiple BWP can be active for a UE simultaneously?
If a UE is capable to receive or transmit with multiple numerologies in a time instant, multiple simultaneously-active BWPs are needed for a UE. In this case, the DCI conveying the multi-numerology DL/UL resource grant should contain indications of multiple BWPs. Each BWP is for the resource allocation with corresponding numerology. So far it seems no strong necessity of using multiple BWPs for a single-numerology resource allocation. Therefore if no UE capability of supporting multiple numerologies simultaneously is defined in NR, simultaneously activating multiple BWPs is not necessary.
Proposal 2: On BWP activation:
· A BWP for PDSCH/PUSCH turns active with each resource grant, i.e. the DCI conveying a DL/UL resource grant contains a indication of the BWP used for the resource allocation.
· The BWP can be implicitly indicated if only one BWP configured for PDSCH or PUSCH.

· A BWP for PDCCH monitoring can be activated in SPS manner, i.e. the BWP is active every N symbols for PDCCH monitoring.
· The SPS-like BWP is activated by a DCI and/or a pre-defined time pattern, e.g. DRX on-duration.
· FFS: if N can be changed by DCI.
· If a UE capability of supporting simultaneous transmision/reception with multiple numerologies is required, multiple active BWPs should be able to be indicated simultaneously. If not, multiple simultaneously -active BWPs do not need to be supported.
4. RBG determination and RA
It was agreed in RAN1#89 that RBG sizes at least include 2, 4, 8, 16 RBs. Hence the RBG size can change in a much larger range than LTE in which the largest RBG size is merely 4 RBs. This change makes it possible to specify a fixed size of bitmap for Type0 RA with a specific numerology.
One example is to use a 35-bit bitmap for Type0 RA with SCS=15kHz, as shown in Table 1. For BWP size 5~100MHz, RBG size is adaptive in range of 1~16RBs to BWP size targeting bitmap size=35 bits. The resulting used bits in the bitmap ranges from 21 to 35 bits. Padding bits ranges from 0 to 14 bits. The advantage of a fixed-size bitmap is to enable fixed-size resource grant which is helpful to limit number of DCI sizes and to simplify the PDCCH blind decoding.
Table 1: RBG size determination for SCS=15kHz (Type0 RA bitmap size=35 bits)
	BWP size (MHz)
	BWP size (number of RBs)
	RBG size (number of RBs)
	Number of used bits in Type0 RA bitmap

	5
	28
	1
	28

	10
	55
	2
	28

	20
	110
	4
	28

	30
	165
	8
	21

	40
	220
	8
	28

	50
	275
	8
	35

	60
	330
	16
	21

	70
	385
	16
	25

	80
	440
	16
	28

	90
	495
	16
	31

	100
	550
	16
	35


RA with other numerologies can also be based on a 35-bit bitmap, or a smaller bitmap. 35-bit bitmap for SCS=60kHz is shown in Table 2. For BWP size 5~100MHz, RBG size is adaptive in range of 1~4RBs. The resulting used bits in the bitmap ranges from 7 to 35 bits. Padding bits ranges from 0 to 28 bits. The largest waste of bits takes place with BWP size=5 or 10MHz (28 and 21 padding bits respectively). However, in deployment scenario of SCS=60kHz, it is more likely that only BWP>10MHz is used. Hence in the major use cases, using 35-bit bitmap would not result in a large waste of bits. 
Although the RB size with SCS=60kHz is 4 times the RB size with SCS=15kHz, their frequency-selective charateristics may be similar. If the coherent bandwidth for RB size with SCS=15kHz and SCS=60kHz are comparable, it is more reasonable that similar RBG sizes in MHz are used for SCS=15kHz and SCS=60kHz, i.e. a smaller number of RBs are contained in a RBG for SCS=60kHz than that for SCS=15kHz.
Table 2: RBG size determination for SCS=60kHz (Type0 RA bitmap size=35 bits)

	BWP size (MHz)
	BWP size (number of RBs)
	RBG size (number of RBs)
	Number of used bits in Type0 RA bitmap

	5
	7
	1
	7

	10
	14
	1
	14

	20
	28
	1
	28

	30
	42
	2
	21

	40
	55
	2
	28

	50
	69
	2
	35

	60
	83
	4
	21

	70
	97
	4
	25

	80
	110
	4
	28

	90
	124
	4
	31

	100
	138
	4
	35


Another option is to use a smaller bitmap for a larger SCS. In the example in Table 3, a 9-bit bitmap is used for SCS=60kHz. The advantage of this option is a smaller size of resource grant for larger SCSs. However, the frequency-selective scheduling gain may be limited because RGB size in MHz is larger than SCS=15kHz for the same BWP size. And this also results in the different size of resource grant for different numerologies.
Table 3: RBG size determination for SCS=60kHz (Type0 RA bitmap size=9 bits)

	BWP size (MHz)
	BWP size (number of RBs)
	RBG size (number of RBs)
	Number of used bits in Type0 RA bitmap

	5
	7
	1
	7

	10
	14
	2
	7

	20
	28
	4
	7

	30
	42
	8
	6

	40
	55
	8
	7

	50
	69
	8
	9

	60
	83
	16
	6

	70
	97
	16
	7

	80
	110
	16
	7

	90
	124
	16
	8

	100
	138
	16
	9


Proposal 3 : On RBG determination and RA:
· A fixed-size bitmap is used for Type0 RA at least for each SCS. RBG size in RB number is adaptive to BWP size.
· FFS: Same or different bitmap sizes for different SCSs.
5. Conclusions
Proposal 1: On BWP configuration:
· Explicit indicating SCS associated with a BWP in the RRC signaling conveying the BWP configuration.
· Configuring size and location of a BWP in number of RBs based on the largest SCS supported in the cell. 

· Configuring starting RB of a BWP relative to the SS block the UE used for initial access.

· Default BWP for a UE is in size of the UE RF capability and centered at SS block the UE used for initial access.

· CORESET is configured based on a BWP. 

· The first CORESET for a UE during the initial access can be configured based on its default BWP. 
· From UE perspective, a BWP without a CORESET configuration can be configured. 
Proposal 2: On BWP activation:
· A BWP for PDSCH/PUSCH turns active with each resource grant, i.e. the DCI conveying a DL/UL resource grant contains a indication of the BWP used for the resource allocation.
· The BWP can be implicitly indicated if only one BWP configured for PDSCH or PUSCH.

· A BWP for PDCCH monitoring can be activated in SPS manner, i.e. the BWP is active every N symbols for PDCCH monitoring.
· The SPS-like BWP is activated by a DCI and/or a pre-defined time pattern, e.g. DRX on-duration.
· FFS: if N can be changed by DCI.
· If a UE capability of supporting simultaneous transmision/reception with multiple numerologies is required, multiple active BWPs should be able to be indicated simultaneously. If not, multiple simultaneously -active BWPs do not need to be supported.
Proposal 3 : On RBG determination and RA:

· A fixed-size bitmap is used for Type0 RA at least for each SCS. RBG size in RB number is adaptive to BWP size.

· FFS: Same or different bitmap sizes for different SCSs.
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