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1	Introduction
RAN2 has decided to have two different BWP configurations options (called option 1 &2) as mandatory for all UEs (as per RAN2 NR-AH#4 in June 2018), but these options are not very well described anywhere, nor is it clear how they are defined (the RRC itself contains restrictions within ASN.1, but it may not be clear how they all work together). To ensure no IODT issues appear, we discuss how to ensure the usage of both configuration options could be clarified in RAN2 specifications.
2	BWP configuration options 1 & 2
2.0	Definitions of BWP configuration options
The two BWP configuration options were agreed as mandatory in , and were defined as follows in RAN2#102 (see R2-1807390):
Option 1: BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplink BWP (BWP ID #1);
Option 2: BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).

These definitions are quite simple but are given at “high level” in the sense that the IEs contained within do allow some duplication of the same fields, which may require further clarifications (as we further discuss in section 2.3).The main conclusion one can make from the RRC specification is that the high-level principles of the configuration options are not clearly defined anywhere, so it is only possible to distinguish them by reading the ASN.1 conditions and earlier contributions.
Observation 1: The BWP configuration options are only defined via field descriptions in RRC.
Proposal 1: Capture the description and principles of the BWP configuration options in RRC specifications.
We discuss how to capture these in section 3 after the following sub-sections explore what exactly could and should be captured.
2.1	BWP configuration option #1
The basic principle of option 1 was to allow dedicated BWPs have different configuration than BWP#0, which would only be used as the initial BWP for fallback cases. In typical cases with overlapping BWPs, the common parameters would still be the same for all BWPs, so repeating them might not be necessary but RRC configuration becomes straightforward with the repetition. The BWP#0 must also match the MIB/SIB1-signalled values, so dedicated BWPs allow deviating from that configuration. This is shown in Figure 1 below, illustrating the differences between BWP#0 and BWP#1-4 configurations. 
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Figure 1: Illustration of BWP configuration option #1
Observation 2: The BWP configuration option 1 is based on separation of BWP#0 (which is common to all UEs) and BWP#1-4 (which can be different for all UEs).
We also note that since the UE is configured with dedicated BWP, the first active BWP would be BWP ID=1 when option 1 is first configured to reflect the fact that UE is using dedicated BWP, and UE would be fully utilising the configuration given within BWP#1 (and thus, would not use BWP#0 configuration when BWP#1 is the active BWP). Further, in case multiple dedicated BWPs are configured, these would be configured in the same way (via BWP-Downlink/BWP-Uplink within ServingCellConfig) and the additional BWPs would be referred to with BWP ID = 2-4.
Observation 3: BWP#0 configuration is not used if the active BWP is either BWP#1 or some other BWP.
Proposal 2: RAN2 confirms that when BWP configuration option 1 is used, the UE follows the configuration within the active BWP (i.e. one of the dedicated BWPs #1-4) and does not utilize the BWP#0 configuration when BWP#0 is not active. 
2.2	BWP configuration option #2
The basic principle of BWP configuration option is that each BWP should be self-contained: The configuration for each BWP indicates all the necessary information, including common and dedicated BWP parameters. The difference is only relevant for BWP#0: With option 2, the dedicated BWP configuration is present in ServingCellConfigCommon, and the BWP is considered to be “RRC-configured BWP” from the viewpoint of how many RRC-configured BWPs UE has to support. Hence, since UE only supports at most 4 BPWs, only BWP#1, BWP#2 and BWP#3 can be configured in ServingCellConfig since BWP#0 is counted towards the maximum. This is also illustrated in Figure 2 below.
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Figure 2: Illustration of BWP configuration option #2
Observation 4: With BWP configuration option 2, only BWP IDs = 0-3 can be used.
Observation 5: The BWP configuration option 2 differs from option 1 only with regards to BWP#0 configuration and the maximum number of dedicated BWPs.
Since the differences are small, one can ask whether both option 1 and option 2 could be used simultaneously. However, since the BWP#0 configuration is different between the options, this doesn’t seem possible. 
Proposal 3: RAN2 confirms that the BWP configuration options 1 and 2 can’t be used for the same UE. 
It would be possible to “switch” between the two options by release/setup of BWP-DownlinkDedicated/BWP-UplinkDedicated (since all the fields inside both are releasable). However, whether this is supported by all UEs, and whether this would be considered a BWP switch (since BWP#0 configuration is changed during such a switch) would require further discussion. It would certainly be possible with reconfiguration with sync (since it should be possible when changing the serving cell).
Proposal 4: RAN2 confirms that switching between BWP configuration options is possible at least via using RRC reconfiguration with sync.
One can also ask whether multiple BWPs can even be used with option 2: Originally option 2 was intended for a case where the cell desires all UEs to use exactly the same information as given in MIB/SIB1 (i.e. LTE-like configuration). Having multiple BWPs is not forbidden currently in RRC, with the restriction that only IDs 1-3 can be used since BWP#0 is also considered a dedicated BWP. Therefore, the specification supports having multiple BWPs regardless of the used BWP configuration option.
Proposal 5: RAN2 confirms that multiple BWPs are supported with BWP configuration option 2.
2.3	Field presence conditions for BWP configurations
We also note a potential interpretation problem for option 1 with current specification based on above descriptions: Since both BWP-DownlinkCommon/BWP-UplinkCommon and BWP-Downlink/BWP-Uplink use partly the same IEs, are there cases where only the common BWP(#0) should utilize the IE or where only the dedicated BWP (i.e.#1-#4) should utilize the same IE? Since first active BWP id should be 1 with BWP configuration option 1, it should be clear that BWP#1 configuration is used, but this is perhaps not apparent neither in the current ASN.1 nor in the original BWP configuration description (which only mentions the uppermost level IEs).

Observation 6: With option 1, it may not be clear whether BWP#0 or BWP#X should use IEs duplicated across both configuration parts.

To illustrate this better, we consider the IE PDCCH-ConfigCommon. Obviously, it can be included in ServingCellConfigCommon (in BWP#0) in line with the ServingCellConfigCommonSIB (in SIB1) configuration, but it is also possible to include it in BWP#1 (via BWP-Downlink, which also contains BWP-DownlinkCommon). Therefore, we note that it can be included in both BWP#0 and BWP#1 as shown by the IE chain depicted in Figure 3.
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Figure 3: IE chain for including PDCCH-ConfigCommon for BWP configuration option #1

[bookmark: _Hlk536532606]Observation 7: Each BWP configuration may contain both the common part (i.e. BWP-Up/DownlinkCommon) and dedicated part (i.e. BWP-Up/DownlinkDedicated).

Proposal 6: UE always utilizes only the configuration from the currently active BWP.

[bookmark: _Hlk1055095]It is also not exactly clear whether all non-initial BWPs must always contain both the common and dedicated configuration parts. To ensure everything understands this in the same way, we would propose to discuss and confirm this in RAN2.

Proposal 7: RAN2 to confirm whether BWP 1-4 must always contain both common and dedicated configuration parts.
3	Clarifying the BWP configuration options in specifications
As noted above, the RRC might be clearer in how the BWP configurations work. There are several ways to clarify the BWP configuration options in RAN2 specifications, each with their own pros and cons, shown below. 
1) Only RRC field descriptions and ASN.1 conditions capture BWP configuration options
a. Pros: Existing mechanism, contains only the necessary things without extra “fluff”, doesn’t create new ambiguities even if something is missing
b. Cons: Doesn’t improve current situation where the options are already unclear, may contribute to difficult IODT issues
2) Informative annex in RRC explains the differences between the BWP configuration options.
a. Pros: Simple, doesn’t take precedence over other Stage-3 (to avoid IODT problems), can be more verbose, is contained within ASN.1 specification. 
b. Cons: Will not handle everything, may cause further issues if annex is out of sync with Stage-3.
3) Normative annex in RRC captures the differences between the BWP configuration options.
a. Pros: Provides normative reference for cases when RRC is unclear, is contained within ASN.1 specification.
b. Cons: More complex since it must be accurate and consistent with ASN.1, may cause precedence issues (e.g. on which is “more correct”: Annex or ASN.1?).
4) Stage-2 description in 38.300 captures the differences between the BWP configuration options.
a. Pros: Already has section on BWPs, could contain high-level description, doesn’t need to have many details, is normative.
b. Cons: Different specification than ASN.1, may be inconsistent, doesn’t resolve issues but may cause them.
Each one of these options could work, but we consider the alternative 2 (i.e. informative annex) as the best one: It allows RRC (and only RRC) specification to capture the details of the configuration options, while making it also clear that the ASN.1 takes precedence over description text in case errors are found (so any potential IODT issues can be resolved consistently), while still allowing a lot of freedom in how to capture the principal differences of the options. It also allows easier checking of any future extensions to BWPs since the configuration options are clearly included.
Proposal 8: RAN2 to create and informative annex in RRC to explain the BWP configuration options.
4	Conclusions
We have discussed the definitions and implications of the BWP configuration options, and observed the following: 
Observation 1: The BWP configuration options are only defined via field descriptions in RRC.
Observation 2: The BWP configuration option 1 is based on separation of BWP#0 (which is common to all UEs) and BWP#1-4 (which can be different for all UEs).
Observation 3: BWP#0 configuration is not used if the active BWP is either BWP#1 or some other BWP.
Observation 4: With BWP configuration option 2, only BWP IDs = 0-3 can be used.
Observation 5: The BWP configuration option 2 differs from option 1 only with regards to BWP#0 configuration and the maximum number of dedicated BWPs.
Observation 6: With option 1, it may not be clear whether BWP#0 or BWP#X should use IEs duplicated across both configuration parts.
Observation 7: Each BWP configuration may contain both the common part (i.e. BWP-Up/DownlinkCommon) and dedicated part (i.e. BWP-Up/DownlinkDedicated).

Based on these, we have proposed the following:
Proposal 1: Capture the description and principles of the BWP configuration options in RRC specifications.
Proposal 2: RAN2 confirms that when BWP configuration option 1 is used, the UE follows the configuration within the active BWP (i.e. one of the dedicated BWPs #1-4) and does not utilize the BWP#0 configuration when BWP#0 is not active.
Proposal 3: RAN2 confirms that the BWP configuration options 1 and 2 can’t be used for the same UE. 
Proposal 4: RAN2 confirms that switching between BWP configuration options is possible at least via using RRC reconfiguration with sync.
Proposal 5: RAN2 confirms that multiple BWPs are supported with BWP configuration option 2.
Proposal 6: UE always utilizes only the configuration from the currently active BWP.
Proposal 7: RAN2 to confirm whether BWP 1-4 must always contain both common and dedicated configuration parts.
Proposal 8: RAN2 to create and informative annex in RRC to explain the BWP configuration options.
The Annex A also illustrates the proposed informative annex for RRC based on proposal 7 and the corresponding CR based on the above proposals can be found in R2-1900349.
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Annex A: Proposed RRC informative annex to clarify the BWP configuration options
There are two possible ways to configure BWP#0 (i.e. the initial BWP) for a UE: 
1) Configure BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon, but do not configure BWP-DownlinkDedicated or BWP-UplinkDedicated in ServingCellConfig. 
2) Configure both BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon and configure at least one of BWP-DownlinkDedicated or BWP-UplinkDedicated in ServingCellConfig. 
With the first option (illustrated by figure X-1 below), the BWP#0 is not considered to be an RRC-configured BWP, i.e. UE only supporting one BWP can still be configured with BWP#1 in addition to BWP#0 when using this configuration. The BWP#0 can still be used even if it does not have the dedicated configuration, albeit in a more limited manner since only the SIB1-defined configurations are available (e.g. only DCI format 1_0 can be used with BWP#0 without dedicated configuration).
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Figure X-1: BWP#0 configuration without dedicated configuration
With the second option (illustrated by figure X-2 below), the BWP#0 is considered to be an RRC-configured BWP, i.e. UE only supporting one BWP cannot be configured with BWP#1 in addition to BWP#0 when using this configuration. However, UE supporting more than one BWP can still switch to and from BWP#0 e.g. via DCI normally, and there are no explicit limitations to using the BWP#0 (compared to the first option). 
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Figure X-2: BWP#0 configuration with dedicated configuration
For BWP#0, the BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon should match the parameters configured by MIB and SIB1 (if provided) in the corresponding serving cell. 
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