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1	Introduction
In this paper we address different aspects concerning the inter-RAT SHR as well as successful PSCell change addition report (SPR).
2	Inter-RAT SHR 
2.1	Discussion on the received LS from RAN3	
This discussion regards the LS in [1]. 
Two alternatives exist for the gNB to find out the configuration that the UE had when the SHR was generated. The two alternatives are:
Relying on the existing info e.g., C-RNTI plus time information, or
A new attribute named Configuration Index (CI) 
The configuration index-based solution is extensively discussed in the received RAN3 LS [1]. However, we believe there are fundamental questions to be answered before proceeding with this solution. We think the underlying assumption in the configuration index based solution, is that the network keep a big pool of configurations that can be applied to one or a group of UEs and sends the index associated to the applied configuration to the UE, the UE should log and return it back when the generating the SHR/SPR.
In our understanding the network can develop the configuration pool (if interested) with the existing information and without devising a new ID e.g., configuration index. A simple schematic view of C-RNTI and time information based solution equivalent to the configuration index based solution is shown in the following.
	Configuration pool
	C-RNTI
	Time period

	Configuration A
	[1,2,3]
	0-100

	Configuration B
	[6,7]
	0-200

	Configuration C
	1
	101-200

	…
	…
	…

	Configuration xyz
	…
	…



Figure 1. Configuration pool associated with one or couple of the C-RNTI(s) and timing information. Based on the existing information at the UE (e.g., C-RNTI), network can implement the configuration pool if interested. Hence no need to send a configuration index to the UE.
In the table, C-RNTI is 1 for two different configurations, together with the non-overlapping timer period where that C-RNTI is used. Also, note that a list of C-RNTIs can be stored for the same configuration if the same configurations is applied to a group of UEs.

If this assumption (configuration pool) is correct, the question is.
· What prevents the network from storing the C-RNTI, and the time period for which a configuration is assigned to the UE, beside the configuration pool?
· What benefits does sending the configuration index to the UE (as a parameter in SHR/SPR configuration) offer, considering that the current information (CRNTI + time details) seem sufficient for enabling the configuration pool based implementation?

Please note that to reduce the overhead of the configuration pool  (size of the configuration pool) network can log the C-RNTI and the time information only for the UEs configured with the SHR or SPR configuration. 

Instead of sending configuration index to the UE, we think network can store the C-RNTI and time period alongside the applied configuration for the post processing of the SPR/SHR reports. 
To reduce the overhead, the network can store the C-RNTI and time information only for the UEs configured with SPR or SHR.
Therefore, we think RAN2 should answer the below questions before proceeding with the LS reply to RAN3.

As the C-RNTI and time information are already available, the benefit of the Configuration Index based solution is questionable.
RAN2 to discuss the benefit of the Configuration Index based solution by answering the following questions:
a. What prevents the network from storing the C-RNTI, and the time period for which a configuration is assigned to the UE, alongside the configuration pool?
b. What benefits does sending the configuration index to the UE (as a parameter in SHR/SPR configuration) offer, considering that the current information (CRNTI + time details) seem sufficient for enabling the configuration pool based implementation?

With only two meetings remaining to finalize Rel-18, and absence of evident benefits of the configuration index-based solution, we propose the discussion on the configuration index for SHR and SPR to be postponed. 
With only two meetings remaining to finalize Rel-18 and absence of clear benefits, RAN2 postpone the discussion on configuration index to the next releases.
For Rel-18 UE logs C-RNTI of the source PCell and time information in the inter-RAT SHR.
2.2	Optimization of source node towards target node
During RAN2#120, it was agreed that Inter-RAT SHR triggered by the target (LTE) node configured timer T304 is not supported to avoid impacting the LTE eNB implementations for the sake of NR inter-RAT SHR. As timer T304 is the only existing way for triggering SHR from a target node, Inter-RAT SHR cannot be used for improving the handover performance of the target node. 
Inter-RAT SHR cannot be used for improving the handover performance of the target (LTE) cell.
For this reason, we consider new solutions for improving handover performance toward the target node, when doing handover from NR to LTE. As we cannot optimise the configuration of the target node, we need to work on improving handover to a target by optimizing the configuration of the source node (e.g., selecting a cell with a better performance in HO execution). 
In the following, we propose two ways to optimise these handovers: by triggering Inter-RANT SHR using RA information, and/or using source node configured T304 trigger.
2.3	Triggering of Inter-RAT SHR
2.3.1	Triggering using RA information
To enable triggering of SHR, the SHR configuration can be extended with a triggering condition for the number of RA attempts, for example, when the number of RA attempts at the HO execution toward an LTE cell is above a certain threshold, the UE logs an inter-RAT SHR. 
One option for Inter-RAN SHR triggering is to use a threshold for the number of RACH attempts made
2.3.2	Triggering using source configured T304 trigger
Another possibility for improving the handover from NR to LTE is to use the T304 timer for generating a SHR, despite the fact that the target node does not provide a trigger for it. Instead, the source node sets the T304 trigger, without using any trigger configuration from the target node. 
A further consideration is that for intra-NR SHR triggered by T304, the existence of the SHR will be made available to the target node. For inter-RAT SHR triggered by T304, the SHR cannot be sent to the target node, as the SHR is not understood by the target (LTE) node. Furthermore, the trigger for the SHR is in this case configured by the source node. 
For both these reasons, an inter-RAT SHR, triggered by a source node configured T304 trigger, should be notified to the source (NR) node, and also retrieved by that node.
One option for Inter-RAN SHR triggering is to use a source node configured T304 timer.
2.3.3	Triggering proposal
Either or both of the ideas outlined in the previous two clauses can be used. Therefore, we propose to agree one or both of them:
RAN2 agree to enhance the inter-RAT SHR configuration with one or both of the following triggering conditions:
- Option a: A triggering condition associated to the number of random accesses attempts toward the LTE cell. 
- Option B: The source (NR) node configures triggers for T304 for inter-RAT SHR.
Note that the behaviour in option a is against a previous RAN2 agreement to not use T304. For this particular case, this agreement must be reverted.
2.4	Reporting of Inter-RAT SHR
2.4.1	RA information in the SHR
The performance of handover execution (in terms of handover interruption time) toward a target cell depends partly on the RA performance, in terms of number of RA attempts or, in general, the latency caused by the RA procedure as it is the core procedure of the handover execution phase. Currently, the source gNB cannot select a suitable future target cell based on historical handover interruption time knowledge. Hence the handover decisions may lead to sub-optimal performance for inter-RAT handovers. 
To help the source gNB improve its mobility parameters towards an LTE target node, SHR for NR-to-LTE handovers can be extended with additional information. One possibility is to supplement SHR for NR-to-LTE handovers with:
A counter for the number of RA attempts made for the successful handover.
A flag on whether contention was present during the RA procedure or not. 

Although this new information cannot help the target (LTE) node, it can improve the performance of the source (NR) node. In this way, the source node can better judge which target node it should hand over UEs to.
It has been argued that the NR RA Report can support this purpose. However, the NR RA-Report is not created for an NR-to-LTE handover, therefore the NR RA-Report cannot be used for this purpose. Furthermore, the LTE RACH-Report is fetched by the LTE network and is not sent to the NR network. Therefore, it cannot be used to improve NR configuration.

For Inter-RAT handover from NR to LTE, augment the SHR with a counter for the number of RA attempts made for the successful handover.
For Inter-RAT handover from NR to LTE, augment the SHR with a flag on whether contention was observed for the successful handover.

[bookmark: _Ref178064866]3	SPR for NR-DC
3.1	SPR configuration aspect
In RAN2#119bis it was agreed that at least T304, T310, T312 timer-based triggers will be used as the SPR triggering configuration. Furthermore, in RAN2#120 meeting, it was agreed that both MN and SN can configure the UE with SPR configuration depending on which node initiates the PSCell change/addition. RAN2 further concluded that T304 related triggering condition is configured by the target SN node and UE creates an SPR when T304 value exceeds the configured threshold.
It is noted that, UE needs to monitor T310 and T312 timers related to source PSCell.
[bookmark: _Toc134708804][bookmark: _Toc134708817][bookmark: _Toc134720848][bookmark: _Toc142572329]To evaluate SPR triggering condition, UE needs to monitor T310/T312 timers associated to the source PSCell.
However, PSCell change can be initiated by both MN and SN. In below, we analyze different scenarios and implications of the previous agreements on them.
SN initiated PSCell change:
In this scenario, source SN can configure the UE with an SPR configuration with threshold values T310 and/ or T312 timer through SRB1 or SRB3. Moreover, since the UE needs to monitor the T310/T312 timers of the SCG, the source SN has the control of setting appropriate timer values.
[bookmark: _Toc134708805][bookmark: _Toc134708818][bookmark: _Toc134720849][bookmark: _Toc142572330]For SN initiated classic PSCell change, the source SN node has control of the T310/T312 timers and may decide the triggers of T310/T312 timers.
Furthermore, RAN3 has agreed that for SN initiated classic PSCell change the source SN node decides the triggers for T310/T312 timers. 
[bookmark: _Toc127468593][bookmark: _Toc134708806][bookmark: _Toc134708819][bookmark: _Toc134720850][bookmark: _Toc142572331]RAN3 agreed that for SN initiated classic PSCell change, the source SN node decides the triggers for T310/T312 timers.
MN initiated PSCell change:
In MN initiated PSCell change, the MN needs to configure the thresholds of T310/T312 timer values, while the actual T310/T312 timer values are configured by the source SN. The MN can configure the thresholds using the otherConfig IE included in the RRCReconfiguration message for MCG bearers sent to the UE. 
[bookmark: _Toc134708807][bookmark: _Toc134708820][bookmark: _Toc134720851][bookmark: _Toc142572332]The MN may configure the UE with SPR threshold values using RRCReconfiguration message for MCG bearers which UE uses to monitor SCG resources (e.g., SCG T310 timer).
However, the SN may initiate intra SN PSCell change and configure the UE using the otherConfig IE included in the RRCReconfiguration message for SCG bearers sent to the UE. 
[bookmark: _Toc134708808][bookmark: _Toc134708821][bookmark: _Toc134720852][bookmark: _Toc142572333]The SN may configure the UE with SPR threshold values using RRCReconfiguration message for SCG bearers which UE uses to monitor SCG resources (e.g., SCG T310 timer). For intra-SN PSCell change, SN does not perform any coordination with MN

Existence of Multiple SPR configurations in UE
In general, multiple scenarios can occur when RAN nodes configure the UE with the SPR configuration.:
1) MN configures the UE with SPR configuration, SN initiates the PSCell change and sends another SPR configuration in the OtherConfig of the RRCReconfiguration message containing HandoverWithSync IE.
2) SN configures the UE with SPR configuration, MN initiates the PSCell change and sends another SPR configuration in the OtherConfig of the RRCReconfiguration message containing HandoverWithSync IE.
3) MN and SN both configures the UE with SPR configuration and MN initiates the PSCell change.
4) MN and SN both configures the UE with SPR configuration and SN initiates the PSCell change.

The above scenarios mean at the time of PSCell change/addition, there might be two instances of SPR configurations (in particular T310/T312 thresholds). This problem is schematically shown in the Figure 1.
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Figure 1 The UE can be configured with multiple SPR configurations provided by the source SN, MN (T310/T312 thresholds) and target SN (T310 threshold). 

When the UE performs a PSCell change (or addition) successfully, it is not clear which SPR configuration (e.g., T310/T312 thresholds configured by the (source) SN or the MN) the UE should monitor for generating the SPR.
[bookmark: _Toc142572335]RAN2 to discuss which T310/T312 thresholds are to be monitored by the UE when MN and source SN configures the UE with SPR configuration, based on the following options
· [bookmark: _Toc142572336]UE only monitors the SPR configuration configured by the node that initiated the PSCell change
· [bookmark: _Toc142572337]UE monitors both SPR configurations
In addition, we have the following FFS in the running CR, 
Editor's Note: based on which locationInfo configuration (e.g., configured by the source SCG or MCG or the target SCG) the UE should log the locationInfo.
Given that the SPR should be analysed by the node that initiated the PSCell change/addition, we think RAN2 should discuss how to provide the location information and based on which location information configuration. Therefore, we propose the following.
[bookmark: _Toc142572338]RAN2 discuss how the UE provides the location information:
· [bookmark: _Toc142572339]Based on the location configuration configured by node initiating the PSCell change 
· [bookmark: _Toc142572340]Based on the location configuration of the node that its configured triggering SPR conditions are fulfilled, e.g., if T304 threshold is fulfilled UE logs location info based on the target SCG location configuration; if T310 threshold configured by the source SN is fulfilled the UE logs the location based on the location configuration of the source SN and so on.
PSCell change initiator information
As an SPR is collected possibly up to 48 hours after generation, it is important for the network to understand which node initiated the PSCell change procedure, since that node would possibly be required to optimize its configuration. A feasible solution is to receive such information from the UE in SPR. However, for SRB1 based configuration, it is not possible for the UE to identify if MN or SN initiated the PSCell change procedure. In order to aid the UE, the network can include the node initiating PSCell change procedure information in the SPR configuration.
[bookmark: _Toc134720871][bookmark: _Toc142572341]The network includes a flag in the SPR configuration on whether the PSCell change procedure is MN initiated or SN initiated.
[bookmark: _Toc134720872][bookmark: _Toc142572342]The UE logs an indication in the SPR on whether the PSCell change that led to the SPR was MN initiated or SN initiated.
CGI and CRNTI information in the SPR
[bookmark: _Hlk126598062]Moreover, it is agreed that a UE stores SPRs up to 48 hours if network does not fetch it, instead of being immediately fetched by the network. Enabling the solution to analyse the SPR in the network side for the 48 hours after generation of the SPR, requires some considerations that we address in the following.
First of all in RAN3#119bis-e meeting, the following was agreed.
RAN3 agreement:
To identify the UE context in the old source SN/old target SN when SPR is forwarded by old MN for SPR optimization, old MN identifies the UE context and sends the stored respective SN Mobility Information together with SPR to the old source SN/old target SN
However as per current agreements the CGI of the PCell is not available in the SPR. And we have the following FFS in the running CR
Editor's Note: FFS logging CGI of the PCell.
In addition, we have the following FFS in the running CR to enable the network identifying the context of the UE in the old MN. 
Editor´s note: FFS if the C-RNTI to be included is the one configured for the MCG or for the SCG, or both should be included.
Hence, we think RAN2 needs to discuss and agree on the solution for including the CGI of the PCell as well as the relevant C-RNTI in the SPR report. Therefor we have the following proposals.
[bookmark: _Toc142572343]UE logs C-RNTI of the MCG in the SPR. FFS on whether SCG related C-RNTI should be logged
[bookmark: _Toc142473573][bookmark: _Toc142572344]UE logs the CGI of the PCell in the SPR.
Moreover, beside the need for logging the CGI information, in some scenarios, the PCI and the ARFCN values can be included when the CGI value is not available at the UE.  This might be a plausible case in particular for the source/target PSCells. Concerning this issue the following FFS is captured in the running CR.
Editor's Note: FFS logging PCI and ARFCN of the source PSCell if CGI is not available.
[bookmark: _Toc142572345]UE logs the PCI and ARFCN of the source/target PSCells in case the CGI is not available at the UE. 
In addition, we think the time between SPR generation and reporting to the network (similar to timeSinceFailure in the RLF report) is beneficial for the network for the analysis of the SPR. 
UE logs the elapsed time between SPR generation and fetching the report by the network.
4	Conclusion

Based on the discussion in the previous sections we propose the following:

1. RAN2 to discuss the benefit of the Configuration Index based solution by answering the following questions:
a. What prevents the network from storing the C-RNTI, and the time period for which a configuration is assigned to the UE, alongside the configuration pool?
b. What benefits does sending the configuration index to the UE (as a parameter in SHR/SPR configuration) offer, considering that the current information (CRNTI + time details) seem sufficient for enabling the configuration pool based implementation?
With only two meetings remaining to finalize Rel-18 and absence of clear benefits, RAN2 postpone the discussion on configuration index to the next releases.
For Rel-18 UE logs C-RNTI of the source PCell and time information in the inter-RAT SHR.
RAN2 agree to enhance the inter-RAT SHR configuration with one or both of the following triggering conditions:
- Option a: A triggering condition associated to the number of random accesses attempts toward the LTE cell. 
- Option B: The source (NR) node configures triggers for T304 for inter-RAT SHR.
For Inter-RAT handover from NR to LTE, augment the SHR with a counter for the number of RA attempts made for the successful handover.
For Inter-RAT handover from NR to LTE, augment the SHR with a flag on whether contention was observed for the successful handover.
RAN2 to discuss which T310/T312 thresholds are to be monitored by the UE when MN and source SN configures the UE with SPR configuration, based on the following options
· UE only monitors the SPR configuration configured by the node that initiated the PSCell change
· UE monitors both SPR configurations
RAN2 discuss how the UE provides the location information:
· Based on the location configuration configured by node initiating the PSCell change 
· Based on the location configuration of the node that its configured triggering SPR conditions are fulfilled, e.g., if T304 threshold is fulfilled UE logs location info based on the target SCG location configuration; if T310 threshold configured by the source SN is fulfilled the UE logs the location based on the location configuration of the source SN and so on.
The network includes a flag in the SPR configuration on whether the PSCell change procedure is MN initiated or SN initiated.
The UE logs an indication in the SPR on whether the PSCell change that led to the SPR was MN initiated or SN initiated.
UE logs C-RNTI of the MCG in the SPR. FFS on whether SCG related C-RNTI should be logged
UE logs the CGI of the PCell in the SPR.
UE logs the PCI and ARFCN of the source/target PSCells in the SPR in case the CGI is not available at the UE. 
UE logs the elapsed time between SPR generation and fetching the report by the network.
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Annex A
LS reply proposal to R3-233380

[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]3GPP TSG RAN WG 2 Meeting RAN2#123	TDoc R2-23XXXX
Toulouse, France, 2023-08-21 - 2023-08-25

Title:	Response LS on SHR and SPR
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Response to:	LS R3-233380 on LS on SHR and SPR from RAN3
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Rel-18
Work Item:	<work_item_name> (<work-item_code>)

[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Source:	RAN2#123
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]To:	RAN3
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Cc:	

Contact person:	<name_of_tdoc_requestor>
	<email_of_tdoc_requestor>
	<phone_of_tdoc_requestor>
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	

1	Overall description
RAN2 thanks RAN3 for the LS R3-233380 on SHR and SPR and would like to give answers to the supplied questions.
The problem statement expressed in the LS is:
RAN3 discussed how to retrieve mobility information related to a UE in the nodes involved in the mobility procedure when Successful Handover Report (SHR) and Successful PSCell Change Report (SPR) related optimizations are to be performed in the network nodes involved in the mobility procedure.
RAN2 would like to give the following answers to the questions below:
Q1: Whether RAN2 sees any issues in defining a solution for “Configuration Information” as described above?
RAN2 sees a number of issues with the "Configuration Index" solution:
1. This solution may partially solve the problem of retrieving mobility information in the case of SHR and SPR. Specifically, the gNB needs to anticipate the problem before it happens in order to be able to provide the UE with a Configuration Index. In cases where a Configuration Index is not supplied to the UE, the gNB has no possibility to retrieve the mobility information of the HO or PSCell change.
2. A solution to the problem in the previous item could be to always provide a Configuration Index to the UE. This has the drawback that a Configuration Index needs always to be sent to the UE, wasting resources during handover commands. [Wasting resources in the handover command is especially bad and has traditionally been avoided by RAN2.]
3. The Configuration Index is a concept which will have a big impact on current RRC signaling. As we are approaching the end of the current release, RAN2 believes that we should not introduce such a big change without wider considerations.
4. It has been proposed to have a 32-bit Configuration Index. 32 bits can hold 4.3*109 items, or over 24.000 items per second during a 48-hour period. RAN2 lacks knowledge of the reason to be able to store such many Configuration Indices.

Q2: For SHR/SPR, is there any issue to include this “Configuration Information” in the RRC Reconfiguration message with sync containing Handover Command or PSCell change command?
As stated in the list above, adding the Configuration Index to the RRC Reconfiguration message wastes resources, especially in a sensitive operation as handover which increase the rate of HO failures.
[bookmark: _Hlk135898308]Q3: In cases when this “Configuration Information” is not configured by the network to the UE, RAN3 discussed whether UE can include the source cell C-RNTI and the time between the event that triggered the report and the sending of the report to the network. RAN3 wants to check with RAN2 if it’s feasible in the above scenario?
The solution of source cell C-RNTI and the time between the event that triggered the report and the sending of the report to the network is feasible and already supported by RAN2 in some legacy reports. This solution is stand-alone and can be used without the "Configuration Index" solution. The other solution, i.e., "Configuration Index", partially duplicates its functionality and is superfluous.

Further, RAN3 discussed the following information to be reported in the SPR to assist in the forwarding of SPR over network interfaces:
· CGI of the PCell which sent the SPR configuration (already agreed in RAN3);
· Indication whether the PSCell change was MN-initiated or SN-initiated (WA but not agreed in RAN3). Explicit or implicit indicator can be decided by RAN2. 
Q4: RAN3 kindly asks RAN2 to confirm RAN3’s understanding on CGI of the PCell and update their specifications if feasible, and also take the above information for indication on whether the PSCell change was MN-initiated or SN-initiated into account and provide feedback.
RAN2 currently are working on including the CGI of the PCell which sent the SPR configuration, as well as an indication on whether the PSCell change was MN-initiated of SN-initiated.
Overall RAN2 thinks the Configuration Index is a concept which will have a major impact on current RRC signaling (especially the normal RRC functionality). As we are approaching the end of the current release, RAN2 believes that we should not introduce such a big change without wider considerations.

2	Actions
To RAN3: 
ACTION: 	RAN2 asks RAN3 to take the contents of this LS in consideration. In summary RAN2 thinks the Configuration Index is a feature with major impacts on current RRC signalling and in particular the normal RRC functionality. As we are approaching the end of the current release, RAN2 believes that we should not introduce such a big change without wider considerations.

3	Dates of next TSG RAN WG 2 meetings
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][1] 3GPP RAN2  RAN2#123-bis  from 2023-10-092023-10-13, Xiamen, CN.
[2] 3GPP RAN 2 RAN2#124, from 2023-11-13 to 2023-11-17, Chicago, US.
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