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Discussion and decision
1 Introduction
At RAN2#116-e meeting the R16 CR to TS 36.331 in R2-2109803 [1] was discussed wherein it was proposed:
1. In 5.3.12: Upon leaving RRC_CONNECTED or RRC_INACTIVE state, UE discards any segments of segmented RRC messages received.

2. In 5.6.25.3: After assembling a RRC message from received segments, UE discards all segments “of the message”.

Following discussion only the first change was agreed and the second change was left for further discussion in the NR session, see notes below copied from the session chair notes [2]. The reason for this decision was that the second change implied that multiple segmented DL RRC messages may be sent in parallel by the network. However, some companies wondered about the use-case that the network may send multiple segmented RRC connection reconfiguration or RRC connection resume messages to the UE in parallel. Furthermore, it was not clear whether it is possible for the UE to receive multiple segmented DL RRC messages in parallel.
In view of the discussion at RAN2#116-e meeting, we further discuss this issue in more detail in this contribution.
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· The CR can be agreed with the following modifications:

· •
Keep only the 1st change.

· •
Add on coversheet some description of the cases in which the UE discards received segments of RRC messages upon leaving connected or inactive state.

· The 2nd issue (general question on multiple parallel segmented DL RRC messages) can be raised up in NR session (to be discussed jointly for NR and LTE) in the next meeting.

· Revised in R2-2111318
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2 Discussion
2.1 Parallelization of RRC procedures
With regards to processing of received DL RRC messages the following below has been specified in subclause 5.1.2 in NR and LTE RRC specifications [3], [4].
	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:
Network may initiate a subsequent procedure prior to receiving the UE's response of a previously initiated procedure.


The above has been specified to allow parallelization of RRC procedures from the network point of view and to avoid interactions between the RRC procedures in the UE. For instance, an RRC connection reconfiguration procedure is started in the UE upon receiving a first RRCReconfiguration message from the network. The network may then send multiple RRCReconfiguration messages after each other while the first RRC connection reconfiguration procedure is ongoing in the UE. The different RRCReconfiguration messages may be used to modify the RRC connection with regards to measurement configuration, mobility control, radio resource configuration (including RBs, MAC main configuration and physical channel configuration) or AS security configuration. To avoid interactions between the parallel RRC connection reconfiguration procedures in the UE, each RRCReconfiguration message carries an rrc-TransactionIdentifier (“TrId”). For the rrc-TransactionIdentifier a value range of 0 to 3 has been specified, and together with the message type (here “RRCReconfiguration”), it is used for the identification of the concerned procedure.
In Figure 1 an example for handling of two parallel RRC connection reconfiguration procedures is shown. Acc. to the RRC specifications the UE processes the received RRCReconfiguration messages in order of reception, i.e. the second reconfiguration message with TrId=1 is processed after the processing of the first reconfiguration message with TrId= 0 has been completed. For the RRCReconfiguration message the RRCReconfigurationComplete message has been specified as response message for the UE. Therefore, the rrc-TransactionIdentifier is included for the RRCReconfigurationComplete message as well and the UE sets it to the same value as included in the concerned RRCReconfiguration message received from the network.
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Figure 1: Handling of parallel RRC connection reconfiguration procedures
2.2 Parallel transmission of segmented DL RRC messages in R16
Below the ASN.1 structure of the DLDedicatedMessageSegment message is shown which has been specified in NR and LTE. The DLDedicatedMessageSegment message is sent on SRB1 and can be used to transfer up to 5 segments of the RRCResume (RRCConnectionResume) or RRCReconfiguration (RRCConnectionReconfiguration) messages if those messages exceed the maximum PDCP SDU size limit of 9000 bytes in NR or 8188 bytes in LTE. That means message sizes of up to 45kBytes in NR or 40.94 kBytes in LTE can be transmitted by using the DLDedicatedMessageSegment message for those message types. 
DLDedicatedMessageSegment-r16-IEs ::=   SEQUENCE {

    segmentNumber-r16                       INTEGER(0..4),

    rrc-MessageSegmentContainer-r16         OCTET STRING,

    rrc-MessageSegmentType-r16              ENUMERATED {notLastSegment, lastSegment},

    lateNonCriticalExtension                OCTET STRING                              OPTIONAL,

    nonCriticalExtension                    SEQUENCE {}                               OPTIONAL

}

However, when it comes to parallel transmission of segmented DL RRC messages we wonder about the use-case that the network may send multiple segmented RRC connection reconfiguration or RRC connection resume messages to the UE in parallel. At least in R16 we don’t see any use-case that DL RRC messages of at least 63kBytes in NR or 57.3kBytes in LTE may need to be sent to the UE.
And even if there might be a use-case, acc. to our understanding the DLDedicatedMessageSegment message as specified in R16 does not allow the parallel reception of segmented DL RRC messages. The reason is that the current ASN.1 format of the DLDedicatedMessageSegment message does not allow the UE to identify the original RRC message that is contained in a single segment. As consequence, the UE may not be able to reassemble the received segments correctly and thus may not be able to successfully reconstruct the original RRC messages. 
In Figure 2 an example for the parallel transmission of segmented DL RRC messages is shown. Msg1 and Msg2 refer to the RRCReconfiguration message, and 4 segments are assumed for Msg1 (Segment #0 to #3) and 3 segments are assumed for Msg2 (Segment #0 to #2). For each message the network transmits the segments with continuously increasing segment number so that the UE can expect to receive them in order. However, due to transmission failures on the radio channel the UE may receive the segments of each message out of order as shown in Figure 3. And since there has been no reordering functionality for the received segments specified in RRC, the UE may consider the received out of sequence segments for Msg2 as duplicates of Msg1 and thus discards them. As result, the UE may reassemble the received segments for Msg1 only. 

Proposal 1: RAN2 to confirm that parallel transmission of segmented DL RRC messages is not supported in R16.
If proposal 1 is agreeable then this can be captured in subclause 5.1.2 in TS 38.331 [3] and TS 36.331 [4] by adding a new note as shown below.
	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:
Network may initiate a subsequent procedure prior to receiving the UE's response of a previously initiated procedure.
NOTE:
The initiation of a subsequent procedure prior to receiving the UE's response of a previously initiated procedure is not supported for segmented RRC messages in this release of specification.
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Figure 2: Parallel transmission of segmented DL RRC messages
2.3 Parallel transmission of segmented UL RRC messages in R16/R17
Below the ASN.1 structure of the ULDedicatedMessageSegment message is shown which has been specified in NR and LTE. The ULDedicatedMessageSegment message is sent on SRB1 and can be used in R16 to transfer up to 16 segments of the UECapabilityInformation message if this message exceeds the maximum PDCP SDU size limit in NR or LTE. That means a message size of up to 144kBytes in NR or 131kBytes in LTE can be transmitted by using the ULDedicatedMessageSegment message.

ULDedicatedMessageSegment-r16-IEs ::=     SEQUENCE {

    segmentNumber-r16                         INTEGER (0..15),

    rrc-MessageSegmentContainer-r16           OCTET STRING,

    rrc-MessageSegmentType-r16                ENUMERATED {notLastSegment, lastSegment},
    lateNonCriticalExtension                  OCTET STRING                            OPTIONAL,

    nonCriticalExtension                      SEQUENCE {}                             OPTIONAL

}

In R16 there is no issue with parallel transmission of segmented UL RRC messages since the transmission of the UECapabilityInformation message is always triggered by the network and it would be a very strange network behaviour if it triggers the UE for parallel UE capability transmissions.
Proposal 2: RAN2 to confirm that parallel transmission of segmented UL RRC messages is not supported in R16.

However, this situation will change in R17 NR if both UE and network support the QoE feature and UL segmentation of the MeasurementReportAppLayer message is enabled by the network, see WID [5]. In the NR QoE session it was agreed that multiple QoE measurement reports can be transmitted by the UE on the MeasurementReportAppLayer message in accordance with the QoE measurement configurations received from the network. Thus, at a certain time instance it may happen that the UE needs to transmit the UECapabilityInformation message and MeasurementReportAppLayer message in parallel, and both messages may exceed the maximum PDCP SDU size limit in NR. In this case both messages then need to be segmented and each segment needs to be transmitted on the ULDedicatedMessageSegment message. However, the ULDedicatedMessageSegment message as specified in R16 does not allow the parallel reception of segmented UL RRC messages. The reason is same as for the DL segment message, i.e. the current ASN.1 format of the ULDedicatedMessageSegment message does not allow the network to identify the original RRC message that is contained in a single segment. As consequence, the network may not be able to reassemble the received segments correctly and thus may not be able to successfully reconstruct the original RRC messages.
In the Figures 3 and 4 an example for the parallel transmission of segmented UL RRC messages is shown. Acc. to Figure 3 the UECapabilityInformation message is configured to be transmitted on SRB1 and the MeasurementReportAppLayer message is configured to be transmitted on SRB4. However, when it comes to segmentation the segments of both messages are then transmitted on the ULDedicatedMessageSegment message on SRB1. Then the UE transmits the segments of each message with continuously increasing segment number so that the network can expect to receive them in order. However, due to transmission failures on the radio channel the network may receive the segments of each message out of order as shown in Figure 4. Msg1 refers to the UECapabilityInformation message and Msg2 refers to the MeasurementReportAppLayer message, and 4 segments are assumed for Msg1 (Segment #0 to #3) and 2 segments are assumed for Msg2 (Segment #0 to #1). The network may consider the received out of sequence segments for Msg2 as duplicates of Msg1 and thus discards them. As result, the network may reassemble the received segments for Msg1 only. 
In order to solve the issue on parallel transmission of segmented UL RRC messages in R17 possible solutions are:
· Option 1: Not to support parallel transmission of segmented UL RRC messages in R17. That means the UE shall initiate a new transmission of a segmented UL RRC message only when the previous transmission of a segmented UL RRC message has been completed successfully.
· Option 2: QoE measurement reports are sent in single MeasurementReportAppLayer messages without segmentation if possible.
· Option 3: If the MeasurementReportAppLayer message needs to be segmented then the segments of the message shall be transmitted on the ULDedicatedMessageSegment message via SRB4.

· Option 4: A new R17 version of the ULDedicatedMessageSegment message is specified which allows the network to identify the original RRC message in the received segment, e.g. by introducing a new message type field in the ULDedicatedMessageSegment message.
Proposal 3: RAN2 to discuss the options for solving the issue on parallel transmission of segmented UL RRC messages in R17.
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Figure 3: Exemplary AS protocol configuration for parallel transmission of segmented UL RRC messages
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Figure 4: Parallel transmission of segmented UL RRC messages
3 Conclusion

In this contribution we have discussed the issue on parallel transmission of segmented RRC messages and made the following proposals:
Proposal 1: RAN2 to confirm that parallel transmission of segmented DL RRC messages is not supported in R16.
Proposal 2: RAN2 to confirm that parallel transmission of segmented UL RRC messages is not supported in R16.

Proposal 3: RAN2 to discuss the options for solving the issue on parallel transmission of segmented UL RRC messages in R17.
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