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1	Introduction
This contribution discusses some ambiguities that were observed in field UEs with regards to how the CORESET and TCI state release is done: Both of those can be configure in both common and dedicated signalling, which seems to lead to some ambiguities in how the network can configure the fields so that all UEs respond correctly.
In RAN2#104, the CR R2-1819120 was agreed to clarify that the TCI states for PDCCH have to be configured in dedicated manner and not in SIB1, and also added a change that indicates that PDCCH-Config takes precedence over PDCCH-ConfigCommon. 
Next, in RAN2#106, the CR R2-1908416 was agreed to clarify that commonSearchSpaceList in PDCCH-ConfigCommon, which is defined as a “plain” list in ASN.1 (i.e. without AddModRelease-structure) can be changed by resiganlling the whole structure, and that the list size will match to the new signalled list size (as per general principle agreed in RAN2#106).
Further, in RAN2#109bis-e it was discussed based on R2-2003696  that ASN.1 is currently unclear with rules on how to handle mandatory presence of child fields when the parent fields are optional. While not directly the same topic, it is another point in how to interpret inter-IE presence conditions and whether release of a parent field always leads to release of contained child fields.
When taking all of these together, we found that there are still some ambiguities in how UEs deal with the fields and which need clarifications. There are three particular areas: 
1) Release of common CORESET in PDCCH-ConfigCommon
2) Release of TCI states within PDCCH-Config when no dedicated CORESETs are configured
3) Release of TCI states within PDCCH-Config and PDSCH-Config
We discuss each of these in the following chapter, in particular for cases for reconfiguration with sync in EN-DC and NR SA cases where source and target gNB configurations are different.
2	Release of common configuration with dedicated signalling
2.1	Release of commonControlResourceSet in PDCCH-ConfigCommon
As per R2-1908416, network can change the size and contents of commonSearchSpaceList in PDCCH-ConfigCommon, (see below) by re-signalling it in its entirety. In particular, the size of the list may be reduced with this “full” configuration. 
PDCCH-ConfigCommon ::=              SEQUENCE {
    controlResourceSetZero              ControlResourceSetZero                                  OPTIONAL,   -- Cond InitialBWP-Only
    commonControlResourceSet            ControlResourceSet                                      OPTIONAL,   -- Need R
    searchSpaceZero                     SearchSpaceZero                                         OPTIONAL,   -- Cond InitialBWP-Only
    commonSearchSpaceList               SEQUENCE (SIZE(1..4)) OF SearchSpace                    OPTIONAL,   -- Need R

Each SearchSpace always refers to a CORESET, which are not directly released when the SearchSpace is released. These can also refer to dedicated CORESETs configured in PDCCH-Config, and the common CORESET (see above) is only restricted to not use CORESET ID#0, but can otherwise be used for any SearchSpace, both of which are stated in the field description as shownb in below excerpt (with highlighting):
	commonControlResourceSet
An additional common control resource set which may be configured and used for any common or UE-specific search space. If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet. The network configures the commonControlResourceSet in SIB1 so that it is contained in the bandwidth of CORESET#0.



However, the PDCCH-Config also c ontains (dedicated) CORESET (as well as SearchSpace) definitions via ToAddMod- and ToRelease-lists as shown below:
PDCCH-Config ::=                    SEQUENCE {
    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                 OPTIONAL,   -- Need N
    controlResourceSetToReleaseList     SEQUENCE(SIZE (1..3)) OF ControlResourceSetId               OPTIONAL,   -- Need N
    searchSpacesToAddModList            SEQUENCE(SIZE (1..10)) OF SearchSpace                       OPTIONAL,   -- Need N
    searchSpacesToReleaseList           SEQUENCE(SIZE (1..10)) OF SearchSpaceId                     OPTIONAL,   -- Need N
   ...,

Let’s now assume the following (real-life) use case: UE is configured with EN-DC, and the current (source) gNB uses a CORESET configuration without common CORESET. Afterwards, the networks decides to change the SCG and uses reconfiguration with sync, with target gNB using a different CORESET configuration that does contain the common CORESET. To be more precise, the intended configurations are shown below in Table 1 and Figure 1.
	Configuration
	Source gNB
	Target gNB

	CORESET#0, SearchSpace#0
	Value = 7 (for both)
	Value = 7 (for both)

	common SearchSpace list
	One entry with SS ID = 1 and CS ID = 0 (i.e. CORESET#0)
	One entry with SS ID = 1 and CS ID = 1 (i.e. common CORESET)

	common CORESET
	N/A (not configured)
	Configured with CS ID = 1

	Dedicated CORESETs
	One entry, CS ID = 1
	N/A (not configured)


Table 1. Source and Target gNB configurations in the example case
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Figure 1. Illustration of source and target gNB configurations in the example case
The source and target gNB configurations are almost the same, except for how the CORESETs configured: Source cell uses CORESET#0 in common SearchSpace but has no common CORESET and has configured one dedicated CORESET with ID = 1, whereas the target cell uses the common CORESET with ID=1 in both common and dedicated SearchSpaces and uses no dedicated CORESETs. It should also be noted that while this example comes from an EN-DC, similar logic also applies for NR SA handovers.
Observation 1: The common and dedicated CORESET configurations can change during reconfiguration with sync if source and target cells utilize different configurations.
We note that both configurations are also obviously valid, so the question is mainly how the network should create the RRC reconfiguration – message for these? 
· Changing CORESET ID in common SS list: Given that common SearchSpaceList can be modified during HO (as per what the agreed CR R2-1908416 has clarified, see also below), it is possible to reconfigure the common SS list in the reconfiguration with sync by just re-signalling its contents are treated as “ newly created” for the need code purposes (in particular for the field controlResourceSetId within SearchSpace, which has a condition for SetupOnly as shown below).
	commonSearchSpaceList
A list of additional common search spaces. If the network configures this field, it uses the SearchSpaceIds other than 0. If the field is included, it replaces any previous list, i.e. all the entries of the list are replaced and each of the SearchSpace entries is considered to be newly created and the conditions and Need codes for setup of the entry apply.



SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly

	Conditional Presence
	Explanation

	Setup
	This field is mandatory present upon creation of a new SearchSpace. It is optionally present, Need M, otherwise.

	SetupOnly
	This field is mandatory present upon creation of a new SearchSpace. It is absent, Need M, otherwise.



Observation 2: When commonSearchSpaceList is (re)configured in reconfiguration with sync, all the SearchSpace entries are treated as newly created from need code viewpoint, so the CORESET ID within a SearchSpace can be changed.
· Using same CORESET ID in common and dedicated CORESET in different cells: Apart from CORESET#0, there are no restrictions as to which CORESET ID can be used in common or dedicated CORESETs. In particular, the source cell does not use common CORESET but uses a dedicated CORESET, whereas the target cell uses the opposite (i.e. only dedicated CORESET and no common CORESET). However, in this case it is not clear what network should do to accomplish this configuration: Since the common CORESET uses the same ID as the previous dedicated CORESET, does the network
1) Configure common CORESET with ID = 1 and at the same time release the dedicated CORESET with ID = 1?
2) Configure the common CORESET with the CORESET ID = 1 to override the previous dedicated CORESET configuration (since all CORESETs may be “pooled” at UE side) and do not release the CORESET ID = 1 (as UE might release the common CORESET if it processes the release action after the addition)? 
In our view, the interpretation 1) should be possible according to specifications, but we have found that some (but not all) UEs may fail such a reconfiguration with sync since they assume 2). Hence, it seems ambiguous in specifications as to which interpretation is the correct one.
Observation 3: It is not clear what UE does when network releases a previously used dedicated CORESET with the same ID as used by common CORESET in current configuration.
We think this should be resolved to ensure consistent behaviour across all UEs. Generally, we think that the ToRelease-list ONLY applies in the context where it is specified, i.e. it should never be possible for UE to release the common CORESET in PDCCH-ConfigCommon via the PDCCH-Config ToReleaseList.
Proposal 1: RAN2 to confirm that UE shall not release the PDCCH-ConfigCommon::commonControlResourceSet in via PDCCH-Config:: controlResourceSetToReleaseList.
While we think this should be clarified from Rel-15 onwards, it is clear there are some UEs already in the field. Therefore, it should be discussed if this fix would require a UE capability that is mandated from now onwards to both correct the UE behaviour from now on as well as allow legacy UEs to continue to function.
Proposal 2: Discuss whether UE capability is needed for the clarification in proposal 1.

2.2	Release of TCI states within PDCCH-Config when all dedicated CORESETs are released
The next topic is independent but related to the previous one: It was agreed in R2-1819120 that PDCCH-Config takes precedence over PDCCH-ConfigCommon for TCI states, with the intention that TCI states are only applicable in CONNECTED mode, so the dedicated configurations must override the (empty) configurations in broadcast signalling (which is unlike in most cases where RRC assumes dedicated and broadcast configurations of the same thing must be equal).
However, this now creates an issue because the TCI states can be configured in both  ControlResourceSet (which can be configured in either PDCCH-ConfigCommon or PDCCH-Config, as discussed above) as well as PDCCH-Config. For EN-DC, all of these will be delivered via dedicated signalling in all cases.
Let’s again consider the example from the previous section: UE is in EN-DC, and doing reconfiguration with sync between source and target cells as per previous configuration, with the desired PDCCH TCI state configuration as shown below in Table 2 and Figure 2.
	Configuration
	Source gNB
	Target gNB

	CORESET#0, SearchSpace#0
	Value = 7 (for both)
	Value = 7 (for both)

	common SearchSpace list
	One entry with SS ID = 1 and CS ID = 0 (i.e. CORESET#0)
	One entry with SS ID = 1 and CS ID = 1 (i.e. common CORESET)

	common CORESET
	N/A (not configured)
	Configured with CS ID = 1, no PDCCH TCI state ID

	Dedicated CORESETs
	One entry, CS ID = 1, PDCCH TCI state ID = 0
	N/A (not configured), no PDCCH TCI state ID


Table 2. Source and Target gNB configurations in the example case
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Figure 2. Illustration of source and target gNB configurations in the example case

Regardless of how the dedicated CORESET is disposed of here, the target cell doesn’t desire to have a TCI state ID configured in the (common or dedicated) CORESET. How should the network handle the TCI state? It seems that the (at least) the following interpretations could be considered:
1) Do nothing (as the UE will not use the TCI state ID unless instructed) but retain the TCI state ID in the UE context for CORESETs (e.g. for the purpose of later use)
2) Assume that releasing the dedicated CORESET, which will also release the configured TCI state ID
3) Add a “dummy” dedicated CORESET (which it will not use) for the purpose of releasing the TCI state ID via PDCCH-Config::controlResourceSetToAddModList::tci-StatesPDCCH-ToAddList
Generally speaking, this is part of the behaviour for all the AddModRelease-lists: these are all used for storing, modifying and releasing entries in each list, and the list entries are supposed to persist between reconfigurations. UE stores the child AddMod entries outside the parent AddMod-entry, release of the parent AddMod-entry that originally configured those entries does not release the child AddMod-entries and those need to be released explicitly. In particular, if all the dedicated CORESETs were to be released, the PDCCH TCI state IDs would still remain in the UE according to our interpretation. However, this has perhaps never been explicitly discussed and could be clarified in RAN2 to ensure all implementations work in the same way.
Proposal 3: RAN2 to confirm that entries added by ToAddModList remain until released by ToReleaseList even  if the original parent field adding those is released.
However, if we again consider the example above, suppose the target cell would configure a TCI state ID = 2 via the common CORESET, and UE would do another reconfiguration with sync to change the SCG to the original source SCG that would like to use the exact same configuration but without TCI State ID = 2. How would it be able to release the TCI State ID? Can it use the PDCCH-Config CORESET configuration to release that? In our view, this is possible since the TCI State ID is not dependent on the parent CORESET location: Regardless of whether the original CORESET was common or dedicated, the TCI State IDs remain and can be released by any CORESET. While we think this should be an obvious consequence of P3/P4, we would still think it’s worth to confirm this in RAN2 to be clear.
Proposal 4: RAN2 to confirm that a PDCCH TCI state ID configured via common CORESET can be released by a dedicated CORESET and vice versa according to current Rel-15 RRC specification without any changes.
2.3	Release of TCI states within PDCCH-Config and PDSCH-Config
Finally, we come the matter of TCI state IDs configured in PDCCH-Config and the TCI states (for which the IDs refer to) configured by PDSCH-Config. The TCI state IDs configured in PDCCH-Config are actually defined in PDSCH-Config and are always a subset of all the TCI states (i.e. PDCCH-Config alone does NOT define any TCI states). However, their configurations are completely independent and considering the example above, one can ask whether network is required to release the TCI state IDs whenever the corresponding TCI state is released? But as a particular consequence of the previous section discussion, the TCI state IDs configured in ANY CORESET remain until released, but this could also be clarified in the RRC specification.
Observation 4: Current AddModReleaseList behaviour implies that releasing all CORESETs does NOT release the TCI State IDs configured by any of those CORESETs.
Proposal 5: Clarify in RRC that the PDCCH TCI state IDs configured in ControlResourceSet remain until released by ControlResourceSet:: tci-StatesPDCCH-ToReleaseList.
Thus, it would seem that it seems that even if the TCI-State pointed by the ID is released, the ID configuration still remains, so the only question is whether network is required to also release the ID?
Proposal 6: RAN2 to confirm that it’s up to network implementation to release the TCI State IDs that are no longer used (as per normal assumptions for network to maintain a sensible RRC configuration for a UE). No specification changes are required for that.
Finally, a general statement about the ToAddModList behaviour could be added to the RRC guidelines to ensure any cases not yet considered here can be resolved if found later on.
Proposal 7: Clarify the general RRC guidelines about ToAddModList usage in A.3.9 that UE shall store the entries provided in the ToAddModList until explicitly released by the network.
4	Conclusion
We have discussed the release of child fields upon parent field release, with particular use case being the TCI States and CORESETs in common and dedicated signalling. Based on the discussion, we have the following observations and proposals:
Observation 1: The common and dedicated CORESET configurations can change during reconfiguration with sync if source and target cells utilize different configurations.
Observation 2: When commonSearchSpaceList is (re)configured in reconfiguration with sync, all the SearchSpace entries are treated as newly created from need code viewpoint, so the CORESET ID within a SearchSpace can be changed.
Observation 3: It is not clear what UE does when network releases a previously used dedicated CORESET with the same ID as used by common CORESET in current configuration.
Observation 4: Current AddModReleaseList behaviour implies that releasing all CORESETs does NOT release the TCI State IDs configured by any of those CORESETs.
Proposal 1: RAN2 to confirm that UE shall not release the PDCCH-ConfigCommon::commonControlResourceSet in via PDCCH-Config:: controlResourceSetToReleaseList.
Proposal 2: Discuss whether UE capability is needed for the clarification in proposal 1.
Proposal 3: RAN2 to confirm that entries added by ToAddModList remain until released by ToReleaseList even  if the original parent field adding those is released.
Proposal 4: RAN2 to confirm that a PDCCH TCI state ID configured via common CORESET can be released by a dedicated CORESET and vice versa according to current Rel-15 RRC specification without any changes.
Proposal 5: Clarify in RRC that the PDCCH TCI state IDs configured in ControlResourceSet remain until released by ControlResourceSet:: tci-StatesPDCCH-ToReleaseList.
Proposal 6: RAN2 to confirm that it’s up to network implementation to release the TCI State IDs that are no longer used (as per normal assumptions for network to maintain a sensible RRC configuration for a UE). No specification changes are required for that.
Proposal 7: Clarify the general RRC guidelines about ToAddModList usage in A.3.9 that UE shall store the entries provided in the ToAddModList until explicitly released by the network.
We have provided CRs in R2-2004904 and R2-2004905 to illustrate example changes for the specifications based on these proposals. 
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