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1   Introduction
In this paper, we will discuss the BWP ID ambiguity issue based on TS 38.331 and TS 38.213.
2   Discussion 
In TS 38.331, the configuration of UE-specific BWPs is based on delta signalling, i.e. ToAddMod and ToRelease lists:
	ServingCellConfig ::=



SEQUENCE {


tdd-UL-DL-ConfigurationDedicated
TDD-UL-DL-ConfigDedicated











OPTIONAL,
-- Cond TDD


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


bwp-InactivityTimer




ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, 














ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500, 














ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8, 














spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
OPTIONAL,
--Need R



defaultDownlinkBWP-Id



BWP-Id
















OPTIONAL, 
-- Need S

<irrelevant fields>

}


The benefit of this kind of delta signaling is to reduce the signaling overhead when reconfiguring BWPs.

RAN2 further agreed that
	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.


These agreements have been reflected in TS 38.212 as below (this takes scheduling of PUSCH for example and PDSCH scheduling is similar).

	7.3.1.1
DCI formats for scheduling of PUSCH 
<Irrelevant text removed>
7.3.1.1.2
Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or new-RNTI:
<Irrelevant text removed>

-
Bandwidth part indicator – 0, 1 or 2 bits as determined by the number of UL BWPs 
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 configured by higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as 
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, in which case the bandwidth part indicator is equivalent to the higher layer parameter BWP-Id;
-
otherwise 
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, in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
If a UE does not support active BWP change via DCI, the UE ignores this bit field.
<Irrelevant text removed>
Table 7.3.1.1.2-1: Bandwidth part indicator 
Value of BWP indicator field
Bandwidth part
2 bits
00
First bandwidth part configured by higher layers
01
Second bandwidth part configured by higher layers
10
Third bandwidth part configured by higher layers
11
Fourth bandwidth part configured by higher layers



The problem here is that the bandwidth part indicator in DCI is equivalent to BWP-Id if 
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. However, by using delta signalling of ToAddMod and ToRelease lists, it is possible that there could be gaps of BWP-Id for the configured BWPs, and in this case the maximum BWP-Id is larger than the number of configured BWPs. By taking downlink BWP configuration for example, as shown in Fig.1, if the original DL BWP configuration includes 4 BWPs with bwp-Id=1, 2, 3 and 4, when the network deletes a BWP with bwp-Id=1, the normal procedure should be that the network sends a reconfiguration message with downlinkBWP-ToReleaseList and bwp-Id=1 should be indicated in the list. In this case, after the reconfiguration, the UE will be configured with 3 BWPs, but the largest bwp-Id is 4. However, according to TS 38.212, the bandwidth part indicator if 
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 should be equal to bwp-Id, which means that bwp-Id cannot be indicated.
Observation 1: By using the ToAddMod and ToRelease lists, if there is a gap of bwp-Id after the reconfiguration, then it is possible that some BWPs cannot be indicated by the BWP indicator field in DCI.
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bwp-Common = 

{

genericParameters;

rach-ConfigCommon;

rach-ConfigCommon;

pucch-ConfigCommon

}

bwp-Dedicated = 

{

pucch-Config;

pusch-Config;

configuredGrantConfig;

srs-Config;

beamFailureRecoveryConfig

}

bwp-Id=2

bwp-Common = 

{

genericParameters;

rach-ConfigCommon;

rach-ConfigCommon;

pucch-ConfigCommon

}

bwp-Dedicated = 

{

pucch-Config;

pusch-Config;

configuredGrantConfig;

srs-Config;

beamFailureRecoveryConfig

}

bwp-Id=3

bwp-Common = 

{

genericParameters;

rach-ConfigCommon;

rach-ConfigCommon;

pucch-ConfigCommon

}

bwp-Dedicated = 

{

pucch-Config;

pusch-Config;

configuredGrantConfig;

srs-Config;

beamFailureRecoveryConfig

}

bwp-Id=4

bwp-Common = 

{

genericParameters;

rach-ConfigCommon;

rach-ConfigCommon;

pucch-ConfigCommon

}

bwp-Dedicated = 

{

pucch-Config;

pusch-Config;

configuredGrantConfig;

srs-Config;

beamFailureRecoveryConfig

}


Fig.1 Reconfiguration of BWPs
There are a couple of options to resolve this issue:

Option-1: by gNB implementation, the network should ensure that there is no gap of bwp-Id for the configured BWPs. When the network is to delete the BWP configuration of bwp-Id=1, the network should delete the BWP with bwp-Id=4 and reconfigures the configuration of BWPs with bwp-Id=1/2/3 to be the configurations of previous BWPs with bwp-Id=2/3/4. The problem of this kind of signaling is that it defeats the purpose of delta signaling, as the network still needs to reconfigure other BWPs when deleting one BWP configuration;

Option-2: Clarify in TS 38.212 that if 
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, then the bandwidth part indicator in DCI is equivalent to the sequential index of the configured BWP in the increasing order of bwp-Id, like the case for nBWP,RRC=4. It means that, after the reconfiguration to release a BWP with bwp-Id=1, for the remaining BWPs with bwp-Id=2/3/4, the BWP indicator 01 in DCI is to indicate the BWP with bwp-Id=2 but not bwp-Id=1 and so on.
For the above two options, option-2 is preferred by us, as it is normal way of using delta signalling. By option-1, the network still needs to reconfigure other BWPs when removing a BWP, and this introduce quite a lot of overhead as a BWP configuration includes RACH/PUCCH/PUSCH/SRS/BFR configurations.

Option-2 is to revise RAN1 specification TS 38.212, but it is better to be discussed in RAN2 first as the original agreements about BWP indicator were made by RAN2 and this issue is related to how to use RRC delta signalling.
Proposal 1: Clarify that if the number of dedicated BWPs 
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, then the bandwidth part indicator in DCI is equivalent to the sequential index of the configured BWP in the increasing order of bwp-Id.
The changes to TS 38.212 can be as below.

	7.3.1.1.2
Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or new-RNTI:
<Irrelevant text removed>

-
Bandwidth part indicator – 0, 1 or 2 bits as determined by the number of UL BWPs 
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 configured by higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as 
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, in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1a equivalent to the higher layer parameter BWP-Id;
-
otherwise 
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, in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
If a UE does not support active BWP change via DCI, the UE ignores this bit field.
<Irrelevant text removed>
Table 7.3.1.1.2-1a: Bandwidth part indicator for 
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Value of BWP indicator field
Bandwidth part
1 bits
00
The initial UL bandwidth part
01
First bandwidth part configured by higher layers in the increasing order of bwp-Id
Value of BWP indicator field
Bandwidth part
2 bits
00
The initial UL bandwidth part
01
First bandwidth part configured by higher layers in the increasing order of bwp-Id
10
Second bandwidth part configured by higher layers in the increasing order of bwp-Id
11
Third bandwidth part configured by higher layers in the increasing order of bwp-Id
Table 7.3.1.1.2-1: Bandwidth part indicator for nBWP,RRC=4
Value of BWP indicator field
Bandwidth part
2 bits
00
First bandwidth part configured by higher layers in the increasing order of bwp-Id
01
Second bandwidth part configured by higher layers in the increasing order of bwp-Id
10
Third bandwidth part configured by higher layers in the increasing order of bwp-Id
11
Fourth bandwidth part configured by higher layers in the increasing order of bwp-Id



3   Conclusion

We discussed BWP ID issue in this contribution and propose the following proposal:
Proposal 1: Clarify in TS 38.212 that if the number of dedicated BWPs 
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, then the bandwidth part indicator in DCI is equivalent to the sequential index of the configured BWP in the increasing order of bwp-Id.
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