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1. Introduction
This contribution discusses delta configuration based on reference configuration and related issues for LTM.
2. Discussion 
2.1 Delta with reference configuration 
In this section, we discuss how to design reference configuration and how to use reference configuration. 
2.1.1 Granularity of referencing - Cell level referencing
Reference configuration is used as base configuration for several candidate cell groups. Therefore, it is important to make reference configuration structure efficient enough. Each candidate cell group configuration should include configuration for one or more serving cells. If reference configuration is not efficiently used, the required signalling overhead to configure multiple candidate cell groups are excessive or user data performance degradation due to non-optimal configuration parameters applied after LTM would happen.  
Observation 1: Reference configuration is used as base configuration of multiple candidate cell group configuration, and each candidate cell group configuration may have multiple serving cells. If reference configuration is efficiently designed and used, more number of candidate cells can be configured for LTM while excessive signalling in configuring multiple candidate cell groups is avoided. 
To maintain high data communication while exploiting dynamic mobility enabled by LTM, it should be possible for LTM to be executed along with SCells, by supporting maintaining/adding/releasing SCells upon LTM for use in the target cell. It would be a typical scenario that UE subject to LTM is configured with CA. Since SCell configuration is included as part of cell group configuration, a cell group configuration corresponding to a candidate cell should be able to configure PCell configuration as well as SCell configuration for each of SCells to be used when the candidate cell becomes PCell. 
Observation 2: To support LTM with carrier aggregation, a (candidate) cell group configuration corresponding to a LTM candidate cell needs to include PCell configuration as well as SCell configuration for all SCells to be used for CA. 
We consider the following CA scenario where four component carriers are configured to the UE. We assume that Cell_1 and Cell_2 are on coverage frequency layer and hence are configured as LTM candidates. Cell_3 and Cell_4 are on throughput boosting layer and hence are e configured as SCell.
· Cell_1 on freq_k (coverage layer)
· Cell_2 on freq_l (coverage later)
· Cell_3 on freq_o (throughput boosting layer)
· Cell_4 on freq_p (throughput boosting layer)
Then, if LTM happens to Cell_1 as target cell, candidate cell group#1 applied:
Candidate cell group#1
· Cell_1 as PCell
· Cell_2 as SCell
· Cell_3 as SCell
· Cell_4 as SCell
If LTM happens to Cell_2 as target cell, candidate cell group#2 is applied:
Candidate cell group#2
· Cell_2 as PCell
· Cell_1 as SCell
· Cell_3 as SCell
· Cell_4 as SCell

We consider two cases:
· Case1: configuration of cell_3 and cell_4 are identical in both candidate cell group configuration#1 and candidate cell group configuration#2. 
· Case2: configuration of cell_3 and cell_4 are not identical between candidate cell group configuration#1 and candidate cell group configuration#2.
Case1: configuration of cell_3 and cell_4 are identical in both candidate cell group configuration#1 and candidate cell group configuration#2.
Notice that in both cases Cell_3 and Cell_4 are commonly serving as SCell. So, candidate cell group#1 should configure Cell_3 and Cell_4a as SCell, and candidate cell group for case#2 should also configure Cell_3 and Cell_4 as SCell. It is quite signalling inefficient If both candidate cell group configurations have to duplicate the same configuration for Cell_3 and Cell_4. Furthermore, such signalling inefficiency due to the duplication could increase as there are more common serving cells across several candidate cell group configurations. Signalling inefficiency due to the duplication could also increase as there are more candidate cell groups sharing the common serving cells. To quantize the inefficiency, when there are M common serving cells across N candidate cell groups, duplicated signalling can be up to (M-1)*N times higher than optimal signalling that can presumably avoid any duplicative signalling of common serving cells by efficient referencing. 
Observation 3: In case of LTM with CA, same SCell configuration may be duplicated across different candidate cell group configurations unless efficient referencing is used. 
To avoid duplicated signalling, it is desirable to support cell-level referencing. In the proposed cell-level reference, reference configuration has a reference cell configuration for each cell, and each reference cell configuration is identified by a unique reference cell ID. Then, for each candidate cell group to configure their serving cell for which reference cell configuration is available, it suffices to refer to the corresponding reference configuration via reference cell ID, instead of explicitly configuring all parameters. 
This cell-level referencing can be also applicable to PCell referencing and SCell referencing. For example, in cases above, reference configuration can include reference cell configuration of Cell_1 as PCell for candidate cell group#1 and another reference cell configuration of Cell_2 as PCell for candidate cell group#2. For another example, reference configuration can include a reference cell configuration for Cell_3 as SCell and another reference cell configuration for Cell_4 as SCell for both candidate cell group#1 and candidate cell group#2. Then, candidate cell group#1 can simply refer to the corresponding reference configuration to configure Cell_3 and Cell_4 as their SCell, and the same applies for candidate cell group#2. 
Proposal 1: For efficient delta configuration of a cell whose configuration is common across candidate cell groups, cell-level referencing is supported, where: 
· Reference configuration includes a list of reference cell configuration each with its reference cell ID
· Candidate cell group configuration can configure a cell by referring to a reference cell ID to use the corresponding reference cell configuration as base configuration for delta.  
There is one consideration related to cell-level referencing which is originated from the fact that same cell can play different roles in different candidate cell groups. To figure out the consideration, let us compare candidate cell group#1 configuration and candidate cell group# configuration with focus on Cell_1 and Cell_2. In the comparison, we can notice that Cell_1 is serving as PCell for candidate cell group#1 but as SCell for candidate cell group#2, and Cell_2 is serving as PCell in candidate cell group#2 but as SCell in candidate cell group#1. As shown here, the role of each cell is different across different candidate cell groups. Network could provide a complete cell group configuration for cell group#1 and a complete cell group configuration for cell group#2 to configure different roles for the same cell (Cell_1 and Cell_2), resulting in signalling inefficiency. We think it is desirable if reference configuration is designed and used to work for such cases efficiently.  
Observation 4: It is often the case that a cell is PCell in one candidate cell group whereas the same cell is SCell in another candidate cell group. Reference configuration should be designed to work for the case. 
The easiest way to configure different roles for the same cell across different candidate cell groups is to configure both SpCellConfig and SCellConfig for the same cell within reference configuration. Then, if the cell needs to be configured as PCell for a certain candidate cell group, SpCellConfig of the cell within the reference configuration is referenced, and if the cell needs to be configured SCell for another candidate cell group, SCellConfig of the cell within the reference configuration is referenced. In the above scenarios, for Cell_1, SpCellConfig par of Cell_1 within reference configuration is applied for candidate cell group#1, whereas SCellConfig part of Cell_1 within reference configuration is applied for candidate cell group#2. The similar applies to Cell_2.

Case2: configuration of cell_3 and cell_4 are not identical between candidate cell group configuration#1 and candidate cell group configuration#2.
Consider the above CA scenario with different assumption that the configuration of a Cell_3 for candidate cell group#1 is not same as that for candidate cell group#2. In this case, candidate cell group configuration#1 should configure SCellConfig for Cell_3, and candidate cell group configuration#2 should configure SCellConfig for Cell_3 configuration as well. To configure SCellConfig of the same cell across different candidate cell groups, two options are possible. One is to configure a complete SCellConfig for Cell_3 within each candidate cell group, and the other is to apply delta on top of cell-reference for Cell_3. In most cases, difference of SCellConfig for Cell_3 between two candidate cell groups would be small because they would have many physical layer parameters in common, and in such cases, providing completely separate cell configurations across different candidate cell groups is quite signalling-inefficient.
To avoid such signalling inefficiency, we think it is desirable to support target-specific delta with cell-level referencing. Here, ‘target-specific’ means that the different delta configuration can be applied if LTM is executed to different target cell. That is, in the proposed scheme, delta configuration of a cell of a certain candidate cell group can be done with the further network configuration option that delta configuration dedicated to a certain candidate cell group is configured. Note that target-specific delta is how we do today for reconfiguration of candidate cell configuration for CHO. For example, network configures a reference cell configuration commonly applicable for case1 and case2 as base configuration as proposed in Proposal1 but also configures delta configuration of Cell_3 dedicated to candidate cell group#1 and another delta configuration dedicated to candidate cell group#2. Then, if candidate cell group#1 needs to be applied, SCell configuration for Cell_3 configuration is constructed by applying candidate cell group#1-dedicated delta on top of the reference cell configuration for cell#3, Likewise, if candidate cell group#2 needs to be applied, SCell configuration for Cell_3 is constructed by applying candidate cell gropup#2-dedicated delta on top of the same reference cell configuration. 
Our proposals are summarized below:
Proposal 2a: Each reference cell configuration for a cell includes either reference SpCellCofig or reference SCellConfig, or both reference SpCellConfig and reference SCellConfig. 
Proposal 2b: SpCell of candidate cell group can be constructed via delta configuration based on reference SpCellconfig included in the reference cell configuration, where the reference cell configuration is indicated by reference cell ID. 
Proposal 2c: SCell of candidate cell group can be constructed via delta configuration based on reference SCellConfig included in the reference cell configuration, where the reference cell configuration is indicated by reference cell ID.
Proposal 3: For efficient delta configuration of a cell whose configuration is slightly different across candidate cell groups, network can configure cell-level delta configuration dedicated to a certain candidate cell group, in addition to reference cell configuration for the cell. Then, configuration of the cell within the candidate cell group is constructed by applying the delta configuration on top of reference cell configuration provided for the cell. 

2.1.2 Current configuration as reference configuration
In RAN2#121, some companies proposed to introduce a mechanism to take a current serving cell group configuration as reference configuration to reduce a signalling overhead in providing reference configuration. The idea seems that that network can give a simple indication, instead of providing explicit reference configuration to UE so that UE stores the current serving cell configuration as reference configuration. 
In our view, it is not a good idea to introduce such mechanism and how it works is questionable. We think the existing serving cell group configuration cannot be directly translated into a reference configuration. The main reason of our view is that the content of a reference configuration is not expected to be restricted to the content of current serving cell group configuration but include more parameters than the serving cell configuration. This implies that the structure of reference configuration would not be identical to that of the serving cell group configuration. To see the difference, consider the case that reference configuration is used to form a configuration for a certain cell (cell_A) PCI+AFRCN) that is configured as one of serving cells within some candidate cell group. Depending on which candidate cell (cell_B) is chosen as LTM target, the cell_A may play a role as be SpCell or SCell after LTM to the candidate cell_B. To support different roles of a cell in different/subsequent LTM events, reference configuration should be able to include both SpCellConfig and SCellConfig even for the same cell (i.e., both SpCell config for cell A and SCell config for cell A should be available from the reference configuration). But, according to the current serving cell group configuration, a serving cell is determined as either SpCell or SCell statically when it is initially configured as part of cell group configuration. For instance, once a cell is configured as SCell within a cell group, the cell’s configuration does not include the SpCell configuration part required to work as special cell. 
Proposal 4: Do not consider the mechanism that a current serving cell group configuration is considered as reference configuration. Reference configuration is explicitly (re)configured as separate configuration by network.

2.2 	Candidate cell group configuration without reference configuration   
RAN2 discussed whether to support LTM configuration without a separate reference configuration and reached the following assumption for further work: 
Potentially: R2 assumes that LTM without a separate reference configuration (if agreed) could work something like this: 
· 	Alt A: The candidate configuration (which need to be complete) is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. (Same procedure as above)
· 	Alt B: The candidate configuration (which can be a delta config) is applied to the current UE configuration (at the time of reconfiguration execution/cell switch), by legacy RRC reconfiguration procedure (it is assumed that the network need to coordinate if subsequent reconfigurations shall work, FFS feasibility). 

In altA, network should provide a complete candidate cell group configuration, since there is no reference configuration to be referred. Note that RAN2 agreed to support empty reference configuration. We think, if completely empty reference configuration is applied, network should provide a complete configuration of candidate cell group configuration. We observe that the resulting UE behavior of altA can be seen almost equivalent to the case that UE is configured with empty reference configuration. This leads to the claim that it seems natural to support LTM without a separate reference configuration given its almost equivalence to the empty reference configuration.
It may be FFS whether a separate capability to allow LTM with no separate reference configuration.
Proposal 5a: UE behaviours for LTM configuration without a separate reference configuration are not differentiated from those for LTM with empty reference configuration. 
Proposal 5b: If a separate reference configuration is empty or not provided, NW should ensure that candidate cell group configuration is complete via explicit configuration. 
Regarding altB, we do not think altB needs to be also supported. To our understanding, the motivation of altB is to maximally reuse the existing procedure; In altB, current UE configuration is used as reference configuration for delta configuration. This is the way of delta signaling today in RRC. 
The altB may work for one time LTM, but it does not work for subsequent LTMs unless network reconfigures all candidate cell groups upon every LTM based on frequent network coordination. That is, in this alternative, excessive Uu signaling and excessive inter-node signaling for coordination will be unavoidable. Furthermore, altB without any modification requires UE to reset L2 upon every LTM. We think such excessive signaling, frequency network coordination, L2 reset would make it harder for LTM to be executed frequently. Such limitation imposes severe drawback since the key benefit of LTM increase if LTM can be executed very dynamically. 
Proposal 6: For LTM without a separate reference configuration, RAN2 does not pursue the option that the candidate configuration (which can be a delta config) is applied to the current UE configuration (at the time of reconfiguration execution/cell switch), by legacy RRC reconfiguration procedure.

3. Conclusion 
This contribution discusses the desired structure of reference configuration and its usage, and suggests the following observations and proposals:
Delta with reference configuration
Observation 1: Reference configuration is used as base configuration of multiple candidate cell group configuration, and each candidate cell group configuration may have multiple serving cells. If reference configuration is efficiently designed and used, excessive signalling in configuring multiple candidate cell groups and unnecessary use data performance degradation can be avoided. 
Observation 2: To support LTM with carrier aggregation, a (candidate) cell group configuration corresponding to a LTM candidate cell needs to include PCell configurations as well as SCell configuration for all SCells to be used for CA. 
Observation 3: In case of LTM with CA, same SCell configuration may be duplicated across different candidate cell group configurations unless efficient referencing is used. 
Proposal 1: For efficient delta configuration of a cell whose configuration is common across candidate cell groups, cell-level referencing is supported, where: 
· Reference configuration includes a list of reference cell configuration each with its reference cell ID
· Candidate cell group configuration can configure a cell by referring to a reference cell ID to use the corresponding reference cell configuration as base configuration for delta.  
Observation 4: It is often the case that a cell is PCell in one candidate cell group whereas the same cell is SCell in another candidate cell group. Reference configuration should be designed to work for the cases. 
Proposal 2a: Each reference cell configuration for a cell includes either reference SpCellCofig or reference SCellConfig, or both reference SpCellConfig and reference SCellConfig. 
Proposal 2b: SpCell of candidate cell group can be constructed via delta configuration based on reference SpCellconfig included in the reference cell configuration, where the reference cell configuration is indicated by reference cell ID. 
Proposal 2c: SCell of candidate cell group can be constructed via delta configuration based on reference SCellConfig included in the reference cell configuration, where the reference cell configuration is indicated by reference cell ID.
Proposal 3: For efficient delta configuration of a cell whose configuration is slightly different across candidate cell groups, network can configure cell-level delta configuration dedicated to a certain candidate cell group, in addition to reference cell configuration for the cell. Then, configuration of the cell within the candidate cell group is constructed by applying the delta configuration on top of reference cell configuration provided for the cell. 
Current configuration as reference configuration 
Proposal 4: Do not consider the mechanism that a current serving cell group configuration is considered as reference configuration. Reference configuration is explicitly (re)configured as separate configuration by network.

Candidate cell group configuration without reference configuration
Proposal 5a: UE behaviours for LTM configuration without a separate reference configuration are not differentiated from those for LTM with empty reference configuration. 
Proposal 5b: If a separate reference configuration is empty or not provided, NW should ensure that candidate cell group configuration is complete via explicit configuration. 
Proposal 6: For LTM without a separate reference configuration, RAN2 does not pursue the option that the candidate configuration (which can be a delta config) is applied to the current UE configuration (at the time of reconfiguration execution/cell switch), by legacy RRC reconfiguration procedure.

[bookmark: _GoBack]Annex. RAN2 agreements
	RAN2#119bis agreement
RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 
RAN2 assumes that candidate cell configuration can only be modified / released by Network (FFS later whether some optimization should be applied e.g. for release). 
For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration. 
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.
FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility




	RAN2#120 agreement
P1	RAN2 to confirm that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration.
P3	The RadioBearerConfig IE can be optionally supported in an LTM candidate configuration
P5	The MeasConfig IE can be optionally supported in an LTM candidate configuration.
P8	The OtherConfig IE is not required to be part of the LTM candidate cell configuration.
P9	The LTM candidate cell configuration should be designed as a To AddMod/ToRelease structure.
P10	The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID.




	RAN2#121 agreement
Agreed: Usage of reference configuration: 
·  	Candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration (FFS if done at cell switch or before the cell switch)
·  	The complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. 
· 	To support reconfigurations that requires reset of RLC PDCP, this should be possible (in principle same a full config) 
· 	FFS if more than RLC PDCP should be kept and how much of “replacing” need to be specified.
· 	FFS if the reference configuration can be derived from the current UE configuration at some point of time. 

Potentially: R2 assumes that LTM without a separate reference configuration (if agreed) could work something like this: 
· 	Alt A: The candidate configuration (which need to be complete) is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. (Same procedure as above)
· 	Alt B: The candidate configuration (which can be a delta config) is applied to the current UE configuration (at the time of reconfiguration execution/cell switch), by legacy RRC reconfiguration procedure (it is assumed that the network need to coordinate if subsequent reconfigurations shall work, FFS feasibility). 

agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells
Reference config can be empty
In the RRC procedures, the candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration when the UE receives the LTM configuration (before the LTM cell switch). UE implementation can postpone that step to the reception of the LTM cell switch command. FFS Discuss early vs late compliance check. 
In the RRC procedures, the complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset MAC, RLC or PDCP. 
· 	FFS whether we can rely on a modified version of the reconfiguration procedure with fullconfig flag set. 
· 	FFS how to make sure the procedures work in case the LTM candidate configuration is a complete configuration.
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