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1	Introduction
During RAN2 NR-AH#4, there were several BWP-related discussions conderning the so-called option 1 and option 2 BWP signalling, which are described as follows:
Option 1: BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);
Option 2: BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).
Based on the discussion, the following decisions done (see documents R2-1810638 and R2-1810927):
Agreement
1	RAN2 specs will support both option 1 and option 2. 
FFS: Whether either have capability or IoT bits.
=>	Both option 1 and option 2 will be supported as mandatory for the UE without capability bits.
Agreements
1:	Support configuring dedicated BWP (via either option 1 or option 2) in Msg4 for all cases (initial access, resume and re-establishment). This is applicable to PCells only.
2:	In all cases, UE does BWP switching immediately upon acting on the RRC (re)configuration. This is applicable to SpCells only.
3	Support switching SpCell BWP or reconfiguring SpCell BWP without RRC reconfiguration with sync. PSCell addition or change still requires reconfig with sync.

These are in addition to the previous RAN2 agreements on BWPs, (some of) which are summarized below:
· In RAN2 NR-AH#3 (January 2018), based on R2-1801484:
=>	The initial DL/UL BWP has a Bwp ID (fixed in the spec, e.g. 0) but the Bwp ID is not explicitly signalled in configuration, but may be referred to by other RRC signalling.
 
· In RAN2#101 (February 2018), based on R2-1802017:
	Agreements

1	Also for SCells and for the PSCell the network configures an initial BWP and zero or more additional BWPs.




· In RAN2#101 (February 2018), based on R2-1803022
	Agreements

1	For up to 3 configured BWPs (in addition to the initial BWP) the DCI code point is equivalent to the BWP ID (initial = 0, first dedicated = 1, ...). 

2	If the NW configures 4 dedicated bandwidth parts, they are identified by DCI code points 0 to 3. In this case it is not possible to switch to the initial BWP by DCI. 




· In RAN2#102 (May 2018), based on R2-1808645:
Agreements
1: 	Upon synchronous reconfiguration (P/SCell addition or handover), UE performs random access on the first active BWP.
2: 	In case of synchronous reconfiguration or SCell addition, firstActiveDownlink BWP-Id and firstActiveUplinkBWP-Id are mandatory present (if the Downlink/Uplink exists for that SCell). (Field may be optional and a condition to require it to be present - to be finalised in ASN.1)
3: 	RAN2 understanding that the common part of initial BWP configured with the dedicated signalling should be the same as initial BWP configured with the MIB+SIB1.

In this contribution, we discuss how these options work and what is still required in RRC.
2	Using BWP configurations for Option 1 and Option 2
2.1	Background
The signalling option 1 is defined as having both BWP#0 (i.e. initial BWP) and BWP#1 (i.e. dedicated RRC-configured BWP) configured, as per the definition. 
Option 1: BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);
We note that while the definition refers to the common (i.e. ServingCellConfigCommon) part of BWP#0 and “dedicated common part” (i.e. ServingCellConfig) of BWP#1, nothing is said about dedicated part of BWP#0 or common part of BWP#1. However, the definition seems to imply that both BWP#0 and BWP#1 are configured via RRC.
In contrast, the option 2 definition implies that only the BWP#0 is configured, but makes no mention of the “dedicated common part” of ServingCellConfig.
Option 2: BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).
Hence, these definitions may in fact be a bit misleading as they leave open many questions:
· Is the BWP#0 always even signalled since it’s the same as in SIB1 (and given the earlier agreements)? 
· What exactly is the signalling difference between option 1 and option 2?
· What exactly is signalled for BWP#0 in option 2: Is the dedicated part mandatory or not?
Observation 1: The signalling differences of option 1 and 2 are not very easy to distinguish based only on existing definitions.
However, we would first note one thing: For both options 1 and 2, the so-called BWP#0 has in fact two parts:
1) MIB::pdcch-ConfigSIB1: Determines CORESET#0 and SearchSpace#0 for receiving SIB1
2) SIB1::BWP-DownlinkCommon::BWP::locationAndBandwidth: Determine the bandwidth for the initial DL BWP used for receiving everything else than SIB1
This seems not to have been taken into account in RAN1, and e.g. discusses the RAN1 implications of this. For the purpose of this document, we will call these BWP#0 parts as BWP#0M (MIB part) and BWP#0S (SIB1 part).
2.2	Comparing the signalling of option 1 and 2
Attempting to clarify the signalling differenes requires checking the exact ASN.1 details. There are two basic use cases to consider:
1. Initial access: BWP configuration in Msg4 (i.e. RRCSetup)
2. EN-DC configuration or BWP reconfiguration for SA: MCG/SCG configuration via RRCReconfiguration 
Looking at the ASN.1, both cases reduce to the same thing: Configuring CellGroupConfig for the UE, so it seems sufficient to just consider how to cofigure BWPs within that IE for the first time for a UE. 
Observation 2: Both SA and EN-DC BWP (re)configurations reduce to configuring BWPs via CellGroupConfig.
This leads to the following signalling structure (with IE hierarchy represented by indentations) with special focus on how to configure the cell BW for the UE for SpCellConfig ((Note that we will ignore ScellConfig in this discussion since it will reduce to the same discussion and conclusions): 
· SpCellConfig: Serving cell configuration, contains
· ServingCellConfigCommon: Common parts of serving cell cofiguration, including common BWP configurations (can only be changed via cell refresh (i.e. release/add or handover)), contains
· DownlinkConfigCommon: Cell-level DL configuration, contains
· BWP-DownlinkCommon: Cell-common DL configuration, contains
· BWP: Actual BW configuration for DL via locationAndBandwidth
· UplinkConfigCommon: Cell-level UL configuration, contains
· BWP-UplinkCommon: Cell-common UL configuration, contains
· BWP: Actual BW configuration for UL via locationAndBandwidth
· ServingCellConfig: Contains dedicated BWP configurations, i.e. BWP-ToAddModList for all DL BWPs (including BWP#0)
· BWP-Downlink: Per-UE DL configuration, contains
· BWP-DownlinkDedicated: Scheduling parameters
· BWP-Uplink: Per-UE UL configuration, contains
· BWP-ToAddModList for UL BWPs (including BWP#0)
· BWP-UplinkDedicated: Scheduling parameters

This all looks rather difficult to follow, so Annex A shows a table and ASN.1 format of the same thing. We make some immediate observations of the structure:
· The differences between option 1 and option 2 mainly manifest in what is signalled for BWP#0 (and obviously BWP#1 is not signalled for opton 2): Since BWP#0 fields configured via RRC dedicated signalling are (as per earlier RAN2 decision) mandated to be the same as those signalled for BWP#0 in SIB1/MIB , the BWP#0 contents will be exactly the same for option 1 and 2. Therefore, Option 2 is a true subset of option 1.
· The BW-defining information for the BWP (i.e. the field locationAndBandwidth within IE BWP) is included twice for each DL/UL BWP: Once via ServingCellConfigCommonSIB and once via ServingCellConfig, which means both fields should use consistent values 
· Many BWP fields are using Need M, even thought they should presumably always be present the first time BWPs are configured (e.g. common BWP configurations).
· BWP does not define the carrier (i.e. cell) bandwidth: that comes from the SCS-specific carriers, which are per SCS. UE determines the entire cell BW from that, but that may differ from the BWP bandwidth.
Therefore, we make the following further observations:
Observation 3: From signalling perspective, Option 2 is a subset of Option 1: BWP#0 contents are the same with both options, with BWP#1 not signalled with option 2.
Observation 4: Both UL and DL bandwidths are signalled twice for each BWP.
Observation 5: The presence conditions for some BWP-related fields require clarification.
Observation 6: The initial DL BWP need not be the same as the cell (i.e. carrier) BW.
Based on these, we propose the following:
Proposal 1: Clarify in the signalling that for all serving cells, the value of the field locationAndBandwidth signalled within IEs ServingCellConfigCommon and ServingCellConfig must be consistent (i.e. the same value is used with both instances).
Proposal 2: Change the presence conditions of spCellConfigDedicated from “Need M” to “Cond ServCellAdd”.
2.3	Changes to RRC due to RAN2 NR-AH#4 agreements
Put here: What is needed based on the following agreements (partly handled already above): 
Agreements
1:	Support configuring dedicated BWP (via either option 1 or option 2) in Msg4 for all cases (initial access, resume and re-establishment). This is applicable to PCells only.
2:	In all cases, UE does BWP switching immediately upon acting on the RRC (re)configuration. This is applicable to SpCells only.
3	Support switching SpCell BWP or reconfiguring SpCell BWP without RRC reconfiguration with sync. PSCell addition or change still requires reconfig with sync.

· Mostly some field descriptions and condition changes – to be inputted to ASN.1 review.
· Reflect the O1/O2 differences more.
3	Conclusions
We have discussed the BWP configuration options and observed the following:
Observation 1: The signalling differences of option 1 and 2 are not very easy to distinguish based only on existing definitions.
Observation 2: Both SA and EN-DC BWP (re)configurations reduce to configuring BWPs via CellGroupConfig.
Observation 3: From signalling perspective, Option 2 is a subset of Option 1: BWP#0 contents are the same with both options, with BWP#1 not signalled with option 2.
Observation 4: Both UL and DL bandwidths are signalled twice for each BWP.
Observation 5: The presence conditions for some BWP-related fields require clarification.
Observation 6: The initial DL BWP need not be the same as the cell (i.e. carrier) BW.
Based on these and the discussion within the paper, we propose the following:
Proposal 1: Clarify in the signalling that for all serving cells, the value of the field locationAndBandwidth signalled within IEs ServingCellConfigCommon and ServingCellConfig must be consistent (i.e. the same value is used with both instances).
Proposal 2: Change the presence conditions of spCellConfigDedicated from Need M to Cond ServCellAdd
A draftCR illustrating these changes can be found in R2-1811371.










Annex A: BWP configuration structure
The table below shows the BWP configuration structure for SpCellConfig:
	IE name
	Contains
	Options 1, 2 or 12 (both)?

	SpCellConfig
	ServingCellConfigCommon + ServingCellConfig (i.e. both common and dedicated parts) 
	Option 1 & 2: mandatory at setup

	· ServingCellConfigCommon
	Uplink/DownlinkConfigCommon: Cell-common UL/DL BWP parameters
	Option 1 &2: mandatory at setup

	· Uplink/DownlinkConfigCommon::BWP
	Actual BW configuration for UL/DL via the field locationAndBandwidth
	Option 1 & 2: mandatory at setup

	· ServingCellConfig
	firstActiveDownlinkBWP-Id, downlinkBWP-ToAddModList (Containing BWP-Downlink) and BWP-DownlinkDedicated
	Option 1: Mandatory
Option 2: Optional, only needed if dedicated configuration is needed for BWP#0

	· BWP-Downlink
	Actual BW configuration for UL/DL via the field locationAndBandwidth within BWP-DownlinkCommon::BWP
	Option 1: Mandatory: Provided with both BWP#0 and BWP#1
Option 2: If provided, only for BWP#0

For both cases, BWP#0 config must be same as ServingCellConfigCommonSIB


	· UplinkConfig
	firstActiveUplinkBWP-Id, uplinkBWP-ToAddModList and BWP-DownlinkDedicated
	Option 1 & 2: mandatory at setup

	· BWP-Uplink
	Actual BW configuration for UL/DL via the field locationAndBandwidth within BWP-UplinkCommon::BWP
	Option 1 & 2: mandatory at setup



This can also be represented by (cherry-)picking the relevant ASN.1 parts from NR RRC, as shown below (indentation again showing inclusion relations, with highlighting used to better illustrate the different indentation levels):
SpCellConfig ::=						SEQUENCE {
	reconfigurationWithSync 			ReconfigurationWithSync 												OPTIONAL,	-- Cond ReconfWithSync
[bookmark: _Hlk521497579]	spCellConfigDedicated				ServingCellConfig														OPTIONAL,	-- Need M
}
ReconfigurationWithSync ::=			SEQUENCE {
	spCellConfigCommon					ServingCellConfigCommon													OPTIONAL,	-- Need M
}

ServingCellConfigCommon ::=			SEQUENCE {
	downlinkConfigCommon				DownlinkConfigCommon										OPTIONAL, -- Cond HOAndServCellAdd

	uplinkConfigCommon					UplinkConfigCommon											OPTIONAL, -- Need M 
}
DownlinkConfigCommon ::=		SEQUENCE {
	initialDownlinkBWP				BWP-DownlinkCommon								OPTIONAL,	-- Cond ServCellAdd
}
BWP-DownlinkCommon ::=				SEQUENCE {
	genericParameters					BWP,
}
BWP ::= 							SEQUENCE {
	locationAndBandwidth				INTEGER (0..37949),
	subcarrierSpacing					SubcarrierSpacing,
	cyclicPrefix						ENUMERATED { extended }													OPTIONAL	-- Need R
}
UplinkConfigCommon ::=				SEQUENCE {
	initialUplinkBWP					BWP-UplinkCommon									OPTIONAL,	-- Cond ServCellAddAndSIB1
}
BWP-UplinkCommon ::=				SEQUENCE {
	genericParameters					BWP,
}
BWP ::= 							SEQUENCE {
	locationAndBandwidth				INTEGER (0..37949),
	subcarrierSpacing					SubcarrierSpacing,
	cyclicPrefix						ENUMERATED { extended }													OPTIONAL	-- Need R
}

ServingCellConfig ::=				SEQUENCE {
	initialDownlinkBWP					BWP-DownlinkDedicated													OPTIONAL,	-- Cond ServCellAdd
	downlinkBWP-ToReleaseList			SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id								OPTIONAL,	-- Need N
	downlinkBWP-ToAddModList			SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink						OPTIONAL, 	-- Need N
	firstActiveDownlinkBWP-Id			BWP-Id																	OPTIONAL,	-- Cond SyncAndCellAdd
	uplinkConfig						UplinkConfig															OPTIONAL,	-- Need M
}
UplinkConfig ::=					SEQUENCE {
	initialUplinkBWP					BWP-UplinkDedicated														OPTIONAL, 	-- Cond ServCellAdd
	uplinkBWP-ToReleaseList				SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id								OPTIONAL,	-- Need N
	uplinkBWP-ToAddModList				SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink							OPTIONAL, 	-- Need N
	firstActiveUplinkBWP-Id				BWP-Id																	OPTIONAL,	-- Cond SyncAndCellAdd
}
BWP-Uplink ::= 					SEQUENCE {
	bwp-Id								BWP-Id,
	bwp-Common							BWP-UplinkCommon													OPTIONAL,	-- Cond SetupOtherBWP
	bwp-Dedicated						BWP-UplinkDedicated													OPTIONAL,	-- Need M
	...
}
BWP-Uplink ::=				SEQUENCE {
	genericParameters					BWP,
}
BWP ::= 							SEQUENCE {
	locationAndBandwidth				INTEGER (0..37949),
	subcarrierSpacing					SubcarrierSpacing,
	cyclicPrefix						ENUMERATED { extended }													OPTIONAL	-- Need R
}
BWP-Downlink ::= 					SEQUENCE {
	bwp-Id								BWP-Id,
	bwp-Common							BWP-DownlinkCommon													OPTIONAL,	-- Cond SetupOtherBWP
	bwp-Dedicated						BWP-DownlinkDedicated													OPTIONAL,	-- Need M
	...
}
BWP-DownCommon ::=				SEQUENCE {
	genericParameters					BWP,
}
BWP ::= 							SEQUENCE {
	locationAndBandwidth				INTEGER (0..37949),
	subcarrierSpacing					SubcarrierSpacing,
	cyclicPrefix						ENUMERATED { extended }													OPTIONAL	-- Need R
}
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