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1	Introduction
While BWPs were integral part of the NR Rel-15 operation and received substantial amount of attention in RAN1, the concept came rather late to RAN2/4 and cause significant discussions. Notably, the signalling of dedicated channel bandwidth (CBW) was originally introduced in RP-182896 during RAN#82 (after extensive discussions). There were some later essential corrections to this (see e.g. R2-1902778), but the topic of delta signalling for the dedicated channel bandwidth has not been considered previously.
2	Dedicated channel bandwidth signalling 
2.1	Channel bandwidth in IDLE/INACTIVE and CONNECTED
When camping on a cell in RRC_IDLE/INACTIVE, UE uses the SIB1 CBW as specified in TS38.331, subclause 5.2.2.4.2 (see below) :
2>	if the UE supports an uplink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in uplinkConfigCommon for the SCS of the initial uplink BWP), and which
-	is wider than or equal to the bandwidth of the initial uplink BWP, and
2>	if the UE supports a downlink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in downlinkConfigCommon for the SCS of the initial downlink BWP), and which
-	is wider than or equal to the bandwidth of the initial downlink BWP, and
If UE doesn't support the full SIB1 CBW, it will select a (supported) CBW so that 1) selected CBW < SIB1 CBW (i.e. UE has to choose a CBW within the confines of the SIB1 CBW) and 2) selected CBW >= initial BWP (i.e. initial BWP fits within the selected CBW). 
Once UE is in RRC_CONNECTED, network can override the SIB1 CBW configuration via the ServingCellConfig fields downlinkChannelBW-PerSCS-List (for downlink CBW) and uplinkChannelBW-PerSCS-List (for uplink CBW) . However, as with all dedicated configurations in RRC_CONNECTED, network should only configure dedicated CBW that UE supports, i.e. network has to take UE capabilities into account when configuring dedicated CBW. It is also specified that UE shall default to the SIB1 CBW in case the network does not specify a dedicated channel bandwidth with these elements.
Observation 1: If UE releases the dedicated channel bandwidth, it applies the SIB1 channel bandwidth. 
2.2	Delta signalling for dedicated channel bandwidth
When we look at the definition of the dedicated CBW signalling, it seems the definition has some ambiguities: The field is defined using "Need S" to allow for the default behaviour of using SIB1 CBW, but this doesn't seem to consider impacts of delta signalling: the field description only states that "if absent", UE falls back to the SIB1 CVW (see below for excerpts from RRC for both UL and DL dedicated CBW).

	    [[
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                                OPTIONAL,   -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern       OPTIONAL,   -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId     OPTIONAL,   -- Need N
    downlinkChannelBW-PerSCS-List       SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
	[bookmark: _Hlk85101408]downlinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].



    [[
    powerBoostPi2BPSK                   BOOLEAN                                                                 OPTIONAL,   -- Need M
    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
	uplinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in UplinkConfigCommon / UplinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].






Since the "Need S" implies that UE uses the SIB1 CBW if not signalled, but it's ambiguous whether UEs interpret this as "Need R" or "Need M" when the field is absent. Normally this would be done via a condition that uses either "If absent, the field is Need R" or "If absent, the field is Need M", but this was never done for this particular field.
Observation 2: Current configuration of dedicated channel bandwidth doesn't clearly specify how delta signalling is applied. 
Next, we consider what RRC rules say about the delta signalling: Since the fields are placed inside an extension group, they might still be retained without issues if the parent field is retained. But this now depends on the type of the parent field, as evidenced by sub-clause 6.1.2 of TS38.331 (see Annex A for the excerpt). This states the following (colour codes added):
	For downlink messages, the need codes, conditions and ASN.1 defaults specified for a particular (child) field only apply in case the (parent) field including the particular field is present. Thus, if the parent is absent the UE shall not release the field unless the absence of the parent field implies that.
For (parent) fields without need codes in downlink messages, if the parent field is absent, UE shall follow the need codes of the child fields. Thus, if parent field is absent, the need code of each child field is followed (i.e. Need R child fields are released, Need M child fields are not modified and the actions for Need S child fields depend on the specified conditions of each field). Examples of (parent) fields in downlink messages without need codes where this rule applies are:



Since the field description only contains "if absent" without explaining any additional need codes, it seems possible to interpret that the "Need S" means network should treat the field as "Need R" (i.e. released if not sent) because the procedural text does not indicate any specific other actions upon absence of the field. While this only applies in case the whole extension group is signalled, this particular extension is part of the main ServingCellConfig, so the interpretation that UE shall release the field if not signalled seems to be allowed since the actions on absence for CBW are not specified clearly. 



Observation 3: Since the dedicated channel bandwidth is Need S-field inside an extension group of ServingCellConfig, RRC seems to suggest that UE should release the field if either 1) the parent (i.e. extension group) is not present or 2) the parent field (i.e. extension group) is present but the dedicated channel bandwidth-field is not.
This implies that once a dedicated CBW is configured, network always has to include the dedicated CBW whenever ServingCellConfig is included in RRCReconfiguration (i.e. any reconfiguration of dedicated serving cell configuration). This means that to maintain the field, network is forced to treat the field as if it was Need R-field. While this seems to always work in practice (i.e. specification is not broken in this regard), it does mean that the dedicated CBW is NOT subject to delta signalling.
Observation 4: Network can choose to always signal the dedicated channel bandwidth information in ServingCellConfig to avoid UE from releasing previously configured dedicated channel bandwidth.
However, as we note above, this doesn't seem extremely clear without delving deep into the RRC details, and is not very well documented in RRC, either. Typically the CondX would be used instead (see below), with appropriate need code being explicitly defined. 
	The need code used within a CondX definition only applies for the case (part of the condition) where it is defined: A condition may have different need codes for different parts of the condition. In particular, the CondX definition may contain the following "otherwise the field is absent" parts:
-	"Otherwise, the field is absent": The field is not relevant or should not be configured when this part of the condition applies. In particular, the UE behaviour is not defined when the field is configured via another part of the condition and is reconfigured to this part of the condition. A need code is not provided when the transition from another part of the condition to this part of the condition is not supported, when the field clearly is a one-shot or there is no difference whether UE maintains or releases the value (e.g., in case the field is mandatory present according to the other part of the condition).
-	"Otherwise, the field is absent, Need R": The field is released if absent when this part of the condition applies. This handles UE behaviour in case the field is configured via another part of the condition and this part of the condition applies (which means that network can assume UE releases the field if this part of the condition is valid).
-	"Otherwise, the field is absent, Need M": The UE retains the field if it was already configured when this part of the condition applies. This means the network cannot release the field , but UE retains the previously configured value.



Hence, we would like to confirm what is the correct understanding in RAN2 about this: Is the field treated as if it's Need R, or are there some UEs that treat it as Need M, or as "one-shot" field?
Proposal 1: RAN2 to clarify the common understanding of UE behaviour with regards to dedicated channel bandwidth when 1) dedicated channel bandwidth has been configured and 2) UE receives ServingCellConfig where either the extension group or the field itself is not configured. The following options are considered:
-	Option 1: UE releases the dedicated CBW field if either the extension group or the field itself is not configured (i.e. Need R-like behaviour), and falls back to the SIB1 CBW configuration (based on the Need S-behaviour of the field)
-	Option 2: UE maintains the currently configured dedicated CBW field even if either the extension group or the field itself is not configured (i.e. Need M-like behaviour).
Note that in our understanding it's too late to change the Rel-15 specifications, but understanding the intended behaviour can be crucial for practical deployments.
2.3	Impacts of channel bandwidth change 
On a related topic, we note that looking at the RAN4 specification TS38.133 states the following about RRC-based BWP switching delay:
	[bookmark: _Toc535475994]8.6.3	RRC based BWP switch delay
The requirements in this clause only apply to the case that the BWP switch is performed on a single CC with one or more than one BWP configuration(s) configured, with 
· Active BWP switch or parameter change of its active BWPs for SpCell
· Parameter change of its active BWPs except parameter firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id for SCell
For RRC-based BWP switch, after the UE receives RRC reconfiguration involving active BWP switching or parameter change of its active BWP, UE shall be able to receive PDSCH/PDCCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs on the first DL or UL slot right after a time duration of  slots which begins from the beginning of DL slot n, where 
	DL slot n is the last slot containing the RRC command, and 
	 is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch if the BWP switch involves changing of SCS.
	 is the length of the RRC procedure delay in ms as defined in clause 12 in TS 38.331 [2], and
	 is the time used by the UE to perform BWP switch.
The UE is not required to transmit UL signals or receive DL signals during the time defined by  on the cell where RRC-based BWP switch occurs. When   a longer switching delay is allowed. Where  is the time between DL data transmission and acknowledgement as specified in TS 38.213 [3].



While it's clear that the dedicated CBW is NOT as aspect of the BWPs, it is perhaps still not so clear whether this could be assumed to be "BWP switch".
Observation 5: It is not clear whether reconfiguration of dedicated channel bandwidth is considered "BWP switch" as per TS38.133 terminology.
Assuming networks are forced to consider the dedicated CBW as Need R-field, the next question is whether re-signalling the dedicated CBW will cause some side-effects? Based on above, network would always signal the "same" value every time even when it doesn't change. Normally this would not be considered a "change", but this has never been made explicit in RRC since it normally wouldn't matter. But in case the CBW change could trigger also "BWP switch", network would need to know that in order to accommodate for the potential UP interruption.
Observation 6: It is not clear whether UE considers re-signalling of previously used dedicated channel bandwidth as "new channel bandwidth", so that it could trigger BWP switching UP interruption.
We think the RAN4 requirements do imply that only "BWP-specific" parameter changes are accounted for, and since dedicated CBW are per serving cell and not per BWP, UE shall never have UP interruption in this case (i.e. when the dedicated CBW does NOT actually change and is only signalled to ensure the RRC field is not released by UE).
Proposal 2: If dedicated CBW configuration is the same as previously configured value, the reconfiguration shall not cause UP interruption (i.e. 16ms as defined in TS38.133).
If this not the case, the whole RRC procedure for changing channel bandwidth would be deeply flawed: to utilize the dedicated CBW, network would need to keep signalling the CBW constantly (due to above reasons), but every time this is done, UE might have UP interruption, thus leading to service degradation. This would mean network should do everything it can to avoid RRC reconfigurations affecting BWPs, which seems like a strange requirement considering that many of the NR feature (e.g. the entire TCI state framework) is based on RRC configuration changing based on measurements. 
Observation 7: If the re-signalling of dedicated channel bandwidth causes "BWP switch", the feature of dedicated channel bandwidth is broken as network may need to re-signal the value but cannot do it without causing UP interruption every time.
Finally, we would also note that the RAN4 requirement actually seems very restrictive already: If any parameter change in active BWP causes UP interruption, then even releasing a currently unused configuration (e.g. CG config, TCI state, ...) causes UP interruption. As the majority of RRC parameters are BWP-specific, this makes all RRC reconfigurations extremely inefficient. However, as this is in specifications as of Rel-15 and UEs in the field already do implement it, changing it is likely no longer possible, but it would be quite useful if this kind of restriction would be lifted in e.g. Rel-17: UE should only cause UP interruption if the RF parameters are changed. For BWPs, this would essentially mean the parameters inside the IE BWP, but almost nothing else.
Observation 8: The RAN4 requirement that any BWP parameter change triggers "BWP switch" with 10-16 ms UP interruption is very restrictive in terms of RRC parameters changes and could be reconsidered in Rel-17.
3	Conclusion
This document has made the following observations:
Observation 1: If UE releases the dedicated channel bandwidth, it applies the SIB1 channel bandwidth. 
Observation 2: Current configuration of dedicated channel bandwidth doesn't clearly specify how delta signalling is applied. 
Observation 3: Since the dedicated channel bandwidth is Need S-field inside an extension group of ServingCellConfig, RRC seems to suggest that UE should release the field if either 1) the parent (i.e. extension group) is not present or 2) the parent field (i.e. extension group) is present but the dedicated channel bandwidth-field is not.
Observation 4: Network can choose to always signal the dedicated channel bandwidth information in ServingCellConfig to avoid UE from releasing previously configured dedicated channel bandwidth.
Observation 5: It is not clear whether reconfiguration of dedicated channel bandwidth is considered "BWP switch" as per TS38.133 terminology.
Observation 6: It is not clear whether UE considers re-signalling of previously used dedicated channel bandwidth as "new channel bandwidth", so that it could trigger BWP switching UP interruption.
Observation 7: If the re-signalling of dedicated channel bandwidth causes "BWP switch", the feature of dedicated channel bandwidth is broken as network may need to re-signal the value but cannot do it without causing UP interruption every time.
Observation 8: The RAN4 requirement that any BWP parameter change triggers "BWP switch" with 10-16 ms UP interruption is very restrictive in terms of RRC parameters changes and could be reconsidered in Rel-17.
And proposed the following:
Proposal 1: RAN2 to clarify the common understanding of UE behaviour with regards to dedicated channel bandwidth when 1) dedicated channel bandwidth has been configured and 2) UE receives ServingCellConfig where either the extension group or the field itself is not configured. The following options are considered:
-	Option 1: UE releases the dedicated CBW field if either the extension group or the field itself is not configured (i.e. Need R-like behaviour), and falls back to the SIB1 CBW configuration (based on the Need S-behaviour of the field)
-	Option 2: UE maintains the currently configured dedicated CBW field even if either the extension group or the field itself is not configured (i.e. Need M-like behaviour).
Proposal 2: If dedicated CBW configuration is the same as previously configured value, the reconfiguration shall not cause UP interruption (i.e. 16ms as defined in TS38.133).

Annex A: Excerpt from 38.331 on need codes
[bookmark: _Toc60777076][bookmark: _Toc76423362]6.1.2	Need codes and conditions for optional downlink fields
The need for fields to be present in a message or an abstract type, i.e., the ASN.1 fields that are specified as OPTIONAL in the abstract notation (ASN.1), is specified by means of comment text tags attached to the OPTIONAL statement in the abstract syntax. All comment text tags are available for use in the downlink direction only. The meaning of each tag is specified in table 6.1.2-1.
If conditions are used, a conditional presence table is provided for the message or information element specifying the need of the field for each condition case. The table also specifies whether UE maintains or releases the value in case the field is absent. The conditions clarify what the UE may expect regarding the setting of the message by the network. Violation of conditions is regarded as invalid network behaviour, which the UE is not required to cope with. Hence the general error handling defined in 10.4 does not apply in case a field is absent although it is mandatory according to the CondC or CondM condition.
For guidelines on the use of need codes and conditions, see Annex A.6 and A.7.
Table 6.1.2-1: Meaning of abbreviations used to specify the need for fields to be present
	Abbreviation
	Meaning

	Cond conditionTag
	Conditionally present
Presence of the field is specified in a tabular form following the ASN.1 segment.

	CondC conditionTag
	Configuration condition
Presence of the field is conditional to other configuration settings.

	CondM conditionTag
	Message condition
Presence of the field is conditional to other fields included in the message.

	Need S
	Specified
Used for (configuration) fields, whose field description or procedure specifies the UE behavior performed upon receiving a message with the field absent (and not if field description or procedure specifies the UE behavior when field is not configured).

	Need M
	Maintain
Used for (configuration) fields that are stored by the UE i.e. not one-shot. Upon receiving a message with the field absent, the UE maintains the current value.

	Need N
	No action (one-shot configuration that is not maintained)
Used for (configuration) fields that are not stored and whose presence causes a one-time action by the UE. Upon receiving message with the field absent, the UE takes no action.

	Need R
	Release
Used for (configuration) fields that are stored by the UE i.e. not one-shot. Upon receiving a message with the field absent, the UE releases the current value.


NOTE:	In this version of the specification, the condition tags CondC and CondM are not used.
Any field with Need M or Need N in system information shall be interpreted as Need R.
The need code used within a CondX definition only applies for the case (part of the condition) where it is defined: A condition may have different need codes for different parts of the condition. In particular, the CondX definition may contain the following "otherwise the field is absent" parts:
-	"Otherwise, the field is absent": The field is not relevant or should not be configured when this part of the condition applies. In particular, the UE behaviour is not defined when the field is configured via another part of the condition and is reconfigured to this part of the condition. A need code is not provided when the transition from another part of the condition to this part of the condition is not supported, when the field clearly is a one-shot or there is no difference whether UE maintains or releases the value (e.g., in case the field is mandatory present according to the other part of the condition).
-	"Otherwise, the field is absent, Need R": The field is released if absent when this part of the condition applies. This handles UE behaviour in case the field is configured via another part of the condition and this part of the condition applies (which means that network can assume UE releases the field if this part of the condition is valid).
-	"Otherwise, the field is absent, Need M": The UE retains the field if it was already configured when this part of the condition applies. This means the network cannot release the field , but UE retains the previously configured value.
Use of different Need codes in different parts of a condition should be avoided.
For downlink messages, the need codes, conditions and ASN.1 defaults specified for a particular (child) field only apply in case the (parent) field including the particular field is present. Thus, if the parent is absent the UE shall not release the field unless the absence of the parent field implies that.
For (parent) fields without need codes in downlink messages, if the parent field is absent, UE shall follow the need codes of the child fields. Thus, if parent field is absent, the need code of each child field is followed (i.e. Need R child fields are released, Need M child fields are not modified and the actions for Need S child fields depend on the specified conditions of each field). Examples of (parent) fields in downlink messages without need codes where this rule applies are:
-	nonCriticalExtension fields at the end of a message using empty SEQUENCE extension mechanism,
-	groups of non-critical extensions using double brackets (referred to as extension groups), and
-	non-critical extensions at the end of a message or at the end of a structure, contained in a BIT STRING or OCTET STRING (referred to as parent extension fields).
The handling of need codes as specified in the previous is illustrated by means of an example, as shown in the following ASN.1.
-- /example/ ASN1START

RRCMessage-IEs ::=                SEQUENCE {
    field1                            InformationElement1            OPTIONAL,  -- Need M
    field2                            InformationElement2            OPTIONAL,  -- Need R
    nonCriticalExtension              RRCMessage-v1570-IEs           OPTIONAL
}

RRCMessage-1570-IEs ::=           SEQUENCE {
    field3                            InformationElement3            OPTIONAL,  -- Need M
    nonCriticalExtension              RRCMessage-v1640-IEs           OPTIONAL
}

RRCMessage-v1640-IEs ::=          SEQUENCE {
    field4                            InformationElement4            OPTIONAL,  -- Need R
    nonCriticalExtension              SEQUENCE {}                    OPTIONAL
}

InformationElement1 ::=           SEQUENCE {
    field11                           InformationElement11           OPTIONAL,  -- Need M
    field12                           InformationElement12           OPTIONAL,  -- Need R
    ...,
    [[
    field13                           InformationElement13           OPTIONAL,  -- Need R
    field14                           InformationElement14           OPTIONAL   -- Need M
    ]]
}

InformationElement2 ::=           SEQUENCE {
    field21                           InformationElement11           OPTIONAL,  -- Need M
    ...
}

-- ASN1STOP

The handling of need codes as specified in the previous implies that:
-	if field1 in RRCMessage-IEs is absent, UE does not modify any child fields configured within field1 (regardless of their need codes);
-	if field2 in RRCMessage-IEs is absent, UE releases the field2 (and also its child field field21);
-	if field1 or field2 in RRCMessage-IEs is present, UE retains or releases their child fields according to the child field presence conditions;
-	if field1 in RRCMessage-IEs is present but the extension group containing field13 and field14 is absent, the UE releases field13 but does not modify field14;
-	if nonCriticalExtension defined by IE RRCMessage-v1570-IEs is absent, the UE does not modify field3 but releases field4;

