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1	Introduction
In this contribution, we discuss the reasoning on why the current transaction ID space may not be enough for the network to understand which RRC message received by the UE in UL correspond to which RRC message that was previously sent on the DL. Further, we also provide possible solutions on how to address these issues.
[bookmark: _Ref178064866]2	Discussion
The RRC transaction identifier field has been part of the RRC protocol since UMTS days and was introduced in Release 99. In UMTS, the UE is able to have multiple parallel RRC procedures ongoing. This gives the possibility to invoke other procedures while the UE is waiting to execute certain RRC reconfiguration procedures that in UMTS need to be synchronized between the UE and the network using an “activation time”. The text below is from TS 25.331:
	[bookmark: _Toc311478816]8	RRC procedures
The UE shall be able to process several simultaneous RRC procedures. After the reception of a message which invoked a procedure, the UE shall be prepared to receive and act on another message which may invoke a second procedure. Whether this second invocation of a procedure (transaction) is accepted or rejected by the UE is specified in the subclauses of this clause, and in particular in subclause 8.6.3.11 (RRC transaction identifier).



In this way, the network can transmit multiple messages, concatenated, also of the same type, and be able to associate a received message from the UE which was sent as a response of the previous message that invoked the particular instance of that procedure, especially for those messages which may or may not have response messages, depending on the outcome. Both the message type and the transaction id is used in combination to identify an instance of a procedure. In Rel-99 the transaction id has four values (0..3), but that was later in Rel-5 extended to 16 values (0..15), mainly for the purpose of being able to send more than four MEASUREMENT CONTROL messages in sequence before wating for any MEASUREMENT CONTROL FAILURE message.
Starting from LTE, in Rel-8 the UE processes RRC messages one by one and does not start a new procedure before a previous procedure has ended. From TS 36.331:
	[bookmark: _Toc510531048]5.1.2	General requirements
The UE shall:
1>	process the received messages in order of reception by RRC, i.e. the processing of a message shall be completed before starting the processing of a subsequent message;
NOTE 1:	E-UTRAN may initiate a subsequent procedure prior to receiving the UE's response of a previously initiated procedure.
1>	within a sub-clause execute the steps according to the order specified in the procedural description;
1>	consider the term 'radio bearer' (RB) to cover SRBs and DRBs but not MRBs or SC-MRBs unless explicitly stated otherwise;
1>	set the rrc-TransactionIdentifier in the response message, if included, to the same value as included in the message received from E-UTRAN that triggered the response message;




This simplified of course the specification and implementation quite a lot, but the transaction identifiers were kept anyway and specified to be able to take four values (0..3). 
It is also specified how the UE shall set the value of the transaction identifier in a response message. In NR, starting from Rel-15, the handling of the transaction Id is the same as in LTE. From 38.331 subclause 5.1.2:
	
[bookmark: _Hlk158735042]1> set the rrc-TransactionIdentifier in the response message, if included, to the same value as included in the message received from the network that triggered the response message;




[bookmark: _Toc158993635]According to the RRC specification, the UE sets the rrc-TransactionIdentifier in the response message, if included, to the same value as included in the message received from the network that triggered the response message.
According to what is supported in TS 38.331, the following RRC transaction ID space is supported:
RRC-TransactionIdentifier information element
-- ASN1START
-- TAG-RRC-TRANSACTIONIDENTIFIER-START

RRC-TransactionIdentifier ::=       INTEGER (0..3)

-- TAG-RRC-TRANSACTIONIDENTIFIER-STOP
-- ASN1STOP

This basically mean that we have maximum 4 IDs that network can use when sending DL RRC messages that require and RRC UL message response. In few words, the network can generate a maximum of 4 different DL RRC messages which can clearly be associated to an UL RRC message received by the UE. However, now that LTM and CHO (but also CPC, CPA, or subsequent CPAC) has been specified by 3GPP, this ID space may not be enough anymore.
In particular, consider the scenario where a CU configures both CHO and LTM for a UE. For CHO, the CU configures only one CHO candidate and, in the RRCReconfiguration message set the RRC transaction ID to 0. Then, the same CU configures also 5 LTM candidate cells at the same UE and, in this case, for 3 RRCReconfiguration messages belonging to 3 LTM candidate cells set the RRC transaction IDs to 1, 2, and 3. Now, for the last 2 LTM candidate cells the CU does not have any more RRC transaction IDs remaining and thus it would need to re-use some of the already assigned RRC transaction IDs. Therefore, for this example we assume that the CU reuse the RRC transaction ID 0 and 1. Here below in Figure 1 a flow diagram of the scenario considered.
[image: ]
Figure 1. The RRC transaction ID 1 is re-used for LTM candidate 1 and LTM candidate 5
Let’s assume now that the network indicated to the UE to perform an LTM cell switch procedure towards the LTM candidate cell 1 (whose RRCReconfiguration has an RRC transaction ID 1). However, the UE fails to performs the LTM cell switch procedure and, due to fast LTM recovery, it selects the LTM candidate cell 5 (whose RRCReconfiguration has also RRC transaction ID 1). In this case, when the network receives the RRCReconfigurationComplete indicating RRC transaction ID 1, the network may erroneously think that the configuration the UE is using is that one of the LTM candidate cell 1, whereas instead the UE is actually using the configuration related to the LTM candidate cell 5.
[bookmark: _Toc158993636]When LTM is configured, current RRC transaction ID space may cause misalignment on the UE and network about what configuration the UE is actually using.
This misalignment is actually not only confined when LTM is used but is also present when a combination of LTM and conditional reconfiguration are configured at the UE. This also goes without considering that once all the RRC transaction IDs are used, the misalignment may also present for normal RRCReconfiguration messages sent from the network to the UE and vice versa.
[bookmark: _Toc158993637]When LTM and other types of conditional configurations are configured, the current RRC transaction ID space may cause misalignment at the UE and network also for normal RRC messages that do not involve mobility executions.
In order to overcome these issues, RAN2 should discuss what solution would be good to adopt in order to avoid the re-use of the same RRC transaction ID for RRCReconfiguration messages which are pre-configured at the UE. Therefore, we propose:
[bookmark: _Toc158993638]RAN2 to discuss what solution would be good to adopt in order to avoid the re-use of the same RRC transaction ID for RRCReconfiguration messages which are pre-configured at the UE.
Conclusion
In the previous sections we made the following observations: 
Observation 1	According to the RRC specification, the UE sets the rrc-TransactionIdentifier in the response message, if included, to the same value as included in the message received from the network that triggered the response message.
Observation 2	When LTM is configured, current RRC transaction ID space may cause misalignment on the UE and network about what configuration the UE is actually using.
Observation 3	When LTM and other types of conditional configurations are configured, the current RRC transaction ID space may cause misalignment at the UE and network also for normal RRC messages that do not involve mobility executions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss what solution would be good to adopt in order to avoid the re-use of the same RRC transaction ID for RRCReconfiguration messages which are pre-configured at the UE.
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