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Introduction
An issue was discussed in the last RAN3 meeting: in the dual connectivity scenario, conventional SN-terminated MCG bearer can be established within one round trip of XnAP signalling, while an extra round trip of XnAP signalling is needed this radio bearer is configured with CA-based PDCP duplication, which will cause control plane delay. Such problem is acknowledged by the majority in the offline discussion:
Extra roundtrip delay would be introduced if CA-based PDCP duplication is configured for SN-terminated MCG bearers. Handover failure may happen in worst case. Solutions seem to be in RAN2 scope; may rely on company coordination in RAN2
In this contribution, we further analyse this issue from both the perspective of performance and the perspective of maintenance.
Discussion
In RAN2#99 meeting, “bearer type harmonisation” is introduced, which makes the PDCP bearer configuration and the RLC bearer configuration of a given RB be delivered separately in the RRC message. Although this feature is firstly designed for EN-DC, it is naturally reused in the NG-RAN DC scenarios, e.g. NE-DC and NR-NR DC.
The case with NG-RAN DC scenario is slightly different from EN-DC, as a new layer, i.e. SDAP, is introduced. In the NG-RAN, the core network will only order the NG-RAN to establish the QoS flows, and it is up to the NG-RAN to determine the flow-to-DRB mapping.
Regarding of this feature, it is a common understanding in RAN3 that the PDCP-hosting NG-RAN node should determine the flow-to-DRB mapping. RAN3 has further agreed that the CG bearer type is also determined in the PDCP-hosting NG-RAN node. That is to say, the MN shall firstly inform the SN what flows shall be established as SN-terminated flows, and then the SN shall decide whether to establish one or more SN-terminated MCG bearer(s), or SN-terminated split bearer(s), or SN-terminated SCG bearer(s).
Nevertheless, thanks to the existing bearer type harmonisation design, the RRCReconfiguration message can still be generated within one roundtrip of XnAP signalling for the vast majority of cases. Following is a typical signalling flow to establish an SN-terminated MCG bearer:


Figure 1. Typical signalling flow configuring an SN-terminated MCG bearer.
In this procedure, the SN generates the RadioBearerConfig part, and the MN then generates the CellGroupConfig part. The MN shall include the two parts into the RRCReconfiguration message and send it toward the UE.
Observation 1: For the vast majority cases in DC scenario, the RRCReconfiguration message can be generated by the network within one roundtrip of XnAP signalling.
However, there is a problem if the SN decides to configure CA-based duplication for this very bearer.
In the current RRC ASN.1 coding, the primary path is indicated within the RadioBearerConfig part by LCID. When the SN is generating the RadioBearerConfig at Step 2, it is unaware of what LCID the MN will allocate, and cannot fill the primary path IE. Therefore, the RadioBearerConfig part sent in Step 2 is incomplete. Since the RadioBearerConfig generated by the SN is delivered over XnAP as an RRC container within the CG-Config structure, it is not adequate for the MN to modify this RadioBearerConfig when it has configured the MCG bearer.
The MN has to send an extra signalling toward the SN asking to complete the RadioBearerConfig part, which incurs an additional delay and complicates the network function.


Figure 2. Configuring an SN-terminated MCG bearer with CA-based PDCP duplication.
The PDCP layer within the NG-RAN node does not actually need to know the LCID of the primary path, as the logical channel resides between the RLC layer and the MAC layer, rather than the PDCP layer. If we hope the SN to know the primary path, other solutions are more suitable. For example, the SN can indicate which Xn user plane tunnel is the primary path in Step 2, e.g. implicitly by the order of tunnels. The MN shall then decide the logical channel primary path and map it to the Xn tunnel primary path. It would be fine if the MN did not transfer the LCID toward the SN afterwards, if there were not any problem on encoding the RRC message.
Observation 2: Due to the current RRC structure design, an extra XnAP round trip is inevitable to generate the RRCReconfiguration message when configuring an SN-terminated MCG bearer with CA-based PDCP duplication.
Such situation is neither optimal from the perspective of performance, nor proper from the perspective of maintenance. The extra roundtrip incurs a higher CP delay in RRC configuration, which can be fatal in e.g. handover preparation.
What is more important is the complexity it introduced into the maintenance. If this issue was not resolved, any developer or operator who wished to support NG-RAN DC and CA-based PDCP duplication needed to keep in mind that there was an exception, in which the CP delay was significantly longer. It could be foreseen that operators might turn a negative attitude toward the NG-RAN DC feature or the CA-based PDCP duplication feature, in order to avoid the potential deterioration.
From the perspective of specification, such situation is not proper either. The PDCP duplication feature is currently in function and is fine to keep as it was, while the NG-RAN DC feature is still in discussion as the main part of Rel-15 late drop. It is the right time to resolve this misalignment at this phase, or otherwise we would have to recall this exception repeatedly in the whole lifetime of 5G system, when evaluating the performance, when introducing new features, and when organising the text descriptions in many Stage-2 and Stage-3 specifications. This work would be very intricate and prone to mistakes.
On the contrary, if this exception is resolved now, the NG-RAN network implementation can be kept simple. The “bearer type harmonisation” design we adopted in 2017 can work as supposed, and there will be no need to introduce new signalling in order to transfer the LCIDs forth and back. Future enhancement will also be facilitated: any equipment which supports a given new feature will naturally have a RRC version higher than the Rel-15 late drop, and thus naturally support the solution introduced here.
Observation 3: This exception may likely cause many problems in performance, maintenance and future enhancement.
Proposal 1: We propose RAN2 to acknowledge the problems brought by the LCID within the RadioBearerConfig structure and discuss its solution as a part of work in Rel-15 late drop.
There are several solutions to avoid the redundant XnAP roundtrip. Here we list two typical options (two more options are listed in the annex):
Option 1: The LCID should always be decided by the PDCP-hosting NG-RAN node, according to the preconfigured LCID list provided by the RLC-hosting NG-RAN node (except for some case in SN addition).


 
Figure 3. Option 1—configuring SN-terminated MCG bearer. The left one depicts the MN-triggered procedure, while the right one depicts the SN-triggered procedure.



Figure 4. Option 1—configuring MN-terminated SCG bearer. In the case of SN addition, there is yet no currently using LCIDs in the SCG before this procedure, and thus the MN can appoint the LCID on its own, no need to concern LCID collision.
Pros of Option 1: This option does not affect the current ASN.1 code in TS 38.331.
Cons of Option 1: This option has significant impact on interfaces (e.g. on F1AP) and network implementation (e.g. the both NG-RAN node should remember the LCID list provided by its counterpart). In addition, preconfigured LCID list is relatively rigid. Considering MN-terminated SCG bearers (or split bearers) and the SN-terminated SCG bearers (or split bearers) are both quite common in the DC scenario, such rigid split of LCIDs is likely to cause LCID exhaustion.
Option 2: The LCID should still be decided by the DU part. A label in the CellGroupConfig is needed when an LCID occurs, in order to indicate whether this RLC bearer is the primary path.
The simplest solution is to add a tag back into the LogicalChannelConfig structure, i.e. partly reverting from Proposal 1 of R2-1712578 toward the approaching suggested in R2-1711967:
LogicalChannelConfig ::=          SEQUENCE {
    ul-SpecificParameters         SEQUENCE {
///////////////////////////////skip irrelevant codes///////////////////////////
        ...,
        bitRateQueryProhibitTimer ENUMERATED { s0, s0dot4, s0dot8, s1dot6, s3, s6, s12,
s30}                                                  OPTIONAL, -- Need R
        [[
        ul-Duplication            ENUMERATED {true}   OPTIONAL  -- Cond PDCP-CADuplicationOnly
        ]]
    }                                                 OPTIONAL, -- Cond UL

    ...
}
Such amendment on TS 38.331 can be treated as an enhancement for DC, and thus no compatibility issue is expected.
Take the configuration of SN-terminated MCG bearer as an example. The SN firstly provides 2 Xn user plane uplink tunnel address sequentially toward the MN, either in the S-Node addition/modification request acknowledgment message, or in the S-Node modification required message. The MN shall then consider the first Xn UL tunnel address as the “primary Xn tunnel”, configure the RLC bearers, determine the “primary logical channel”, and then map the “primary logical channel” toward the “primary Xn tunnel”. As the result, the MN can then generate the DRBPrimaryPath IE correctly, and the SN is also aware of which PDCP instance is on the primary path even though the MN does not feedback any additional information.
For simplicity, the primary path for DC-based PDCP duplication should still be indicated within the RadioBearerConfig structure. The reason is that the SN (PDCP-hosting NG-RAN node) should only provide one Xn UL tunnel address toward the MN for DC-based PDCP duplication, making it impossible for the MN to deduce which path is the primary path without decoding the RRC container.



Figure 5. Option 2—configuring SN-terminated MCG bearer. The left one depicts the MN-triggered procedure, while the right one depicts the SN-triggered procedure.


Figure 6. Option 2—configuring MN-terminated SCG bearer.
Pros of Option 2: This option does not affect the current F1AP specification. It is also align with the NR design principle of bearer type harmonisation, i.e. that the RadioBearerConfig and the CellGroupConfig can be handled separately (See also Ericsson’s comment of Q1 in [1]).
Cons of Option 2: This option introduces a co-existing method to indicate the primary path of a radio bearer with CA-based PDCP duplication.
Proposal 2: We propose RAN2 to select one option between Option 1 and Option 2 provided in this contribution.
Conclusion
Observation 1: For the vast majority cases in DC scenario, the RRCReconfiguration message can be generated by the network within one roundtrip of XnAP signalling.
Observation 2: Due to the current RRC structure design, an extra XnAP round trip is inevitable to generate the RRCReconfiguration message when configuring an SN-terminated MCG bearer with CA-based PDCP duplication.
Observation 3: This exception may likely cause many problems in performance, maintenance and future enhancement.
Proposal 1: We propose RAN2 to acknowledge the problems brought by the LCID within the RadioBearerConfig structure and discuss its solution as a part of work in Rel-15 late drop.
Proposal 2: We propose RAN2 to select one option between Option 1 and Option 2 provided in this contribution.
Accordingly, we draft a LS for Option 1 [2] and a TP for Option 2.
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[bookmark: _Toc525763421]///////////////////////////////////////////////////////////////////////////////skip irrelevant text///////////////////////////////////////////////////////////////////////////////
–	LogicalChannelConfig
The IE LogicalChannelConfig is used to configure the logical channel parameters.
LogicalChannelConfig information element
-- ASN1START
-- TAG-LOGICAL-CHANNEL-CONFIG-START

LogicalChannelConfig ::=            SEQUENCE {
    ul-SpecificParameters               SEQUENCE {
        priority                            INTEGER (1..16),
        prioritisedBitRate                  ENUMERATED {kBps0, kBps8, kBps16, kBps32, kBps64, kBps128, kBps256, kBps512,
                                            kBps1024, kBps2048, kBps4096, kBps8192, kBps16384, kBps32768, kBps65536, infinity},
        bucketSizeDuration                  ENUMERATED {ms5, ms10, ms20, ms50, ms100, ms150, ms300, ms500, ms1000,
                                                            spare7, spare6, spare5, spare4, spare3,spare2, spare1},

        allowedServingCells                 SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF ServCellIndex                 OPTIONAL,   -- PDCP-CADuplication
        allowedSCS-List                     SEQUENCE (SIZE (1..maxSCSs)) OF SubcarrierSpacing                           OPTIONAL,   -- Need R
        maxPUSCH-Duration                   ENUMERATED { ms0p02, ms0p04, ms0p0625, ms0p125, ms0p25, ms0p5, spare2, spare1 }
                                                                                                                        OPTIONAL,   -- Need R
        configuredGrantType1Allowed         ENUMERATED {true}                                                           OPTIONAL,   -- Need R

        logicalChannelGroup                 INTEGER (0..maxLCG-ID)                                                      OPTIONAL,   -- Need R
        schedulingRequestID                 SchedulingRequestId                                                         OPTIONAL,   -- Need R
        logicalChannelSR-Mask               BOOLEAN,
        logicalChannelSR-DelayTimerApplied  BOOLEAN,
        ...,
[bookmark: _GoBack]        bitRateQueryProhibitTimer       ENUMERATED { s0, s0dot4, s0dot8, s1dot6, s3, s6, s12,s30}                       OPTIONAL    OPTIONAL,   -- Need R
        [[
        ul-Duplication                      ENUMERATED {true}                                                           OPTIONAL    -- Cond PDCP-CADuplicationOnly
        ]]
    }                                                                                                                   OPTIONAL,   -- Cond UL

    ...
}

-- TAG-LOGICAL-CHANNEL-CONFIG-STOP
-- ASN1STOP

	LogicalChannelConfig field descriptions

	allowedSCS-List
If present, UL MAC SDUs from this logical channel can only be mapped to the indicated numerology. Otherwise, UL MAC SDUs from this logical channel can be mapped to any configured numerology. Only the values 15/30/60 KHz (for FR1) and 60/120 KHz (for FR2) are applicable. Corresponds to 'allowedSCS-List' as specified in TS 38.321 [3].

	allowedServingCells
If present, UL MAC SDUs from this logical channel can only be mapped to the serving cells indicated in this list. Otherwise, UL MAC SDUs from this logical channel can be mapped to any configured serving cell of this cell group. Corresponds to 'allowedServingCells' in TS 38.321 [3].

	bitRateQueryProhibitTimer
The timer is used for bit rate recommendation query in TS 38.321 [3], in seconds. Value s0 means 0s, s0dot4 means 0.4s and so on.

	bucketSizeDuration
Value in ms. ms5 corresponds to 5ms, ms10 corresponds to 10ms, and so on.

	configuredGrantType1Allowed
If present, UL MAC SDUs from this logical channel can be transmitted on a configured grant type 1. Corresponds to 'configuredGrantType1Allowed' in TS 38.321 [3].

	logicalChannelGroup
ID of the logical channel group, as specified in TS 38.321 [3], which the logical channel belongs to.

	logicalChannelSR-Mask
Controls SR triggering when a configured uplink grant of type1 or type2 is configured. TRUE indicates that SR masking is configured for this logical channel as specified in 38.321 [3].

	logicalChannelSR-DelayTimerApplied
Indicates whether to apply the delay timer for SR transmission for this logical channel. Set to FALSE if logicalChannelSR-DelayTimer is not included in BSR-Config.

	maxPUSCH-Duration
If present, UL MAC SDUs from this logical channel can only be transmitted using uplink grants that result in a PUSCH duration shorter than or equal to the duration indicated by this field. Otherwise, UL MAC SDUs from this logical channel can be transmitted using an uplink grant resulting in any PUSCH duration. Corresponds to "maxPUSCH-Duration" in TS 38.321 [3].

	priority
Logical channel priority, as specified in TS 38.321 [3].

	prioritisedBitRate
Value in kiloBytes/s. 0kBps corresponds to 0, 8kBps corresponds to 8 kiloBytes/s,16 kBps corresponds to 16 kiloBytes/s, and so on. For SRBs, the value can only be set to infinity.

	schedulingRequestId
If present, it indicates the scheduling request configuration applicable for this logical channel, as specified in TS 38.321 [3].

	ul-Duplication
The UE shall use this LCH for data duplication, i.e., the UL PDCP entity shall provide duplicates of the PDCP PDUs to this logical channel if CA duplication is configured for this logical channel.



	Conditional Presence
	Explanation

	PDCP-CADuplication
	The field is mandatory present if the UE is configured with PDCP CA duplication in UL (see PDCP-Config -> moreThanOneRLC -> primaryPath -> logicalChannel). Otherwise the field is optionally present, need R.

	PDCP-CADuplicationOnly
	The field is optionally present, Need R if the UE is configured with PDCP CA duplication in UL. Otherwise the field is absent.

	UL
	The field is mandatory present for a logical channel with uplink if it serves DRB. It is optionally present for a logical channel with uplink if it serves an SRB. otherwise it is not present.



///////////////////////////////////////////////////////////////////////////////skip irrelevant text///////////////////////////////////////////////////////////////////////////////
[bookmark: _Toc525763454]–	PDCP-Config
The IE PDCP-Config is used to set the configurable PDCP parameters for signalling and data radio bearers.
PDCP-Config information element
-- ASN1START
-- TAG-PDCP-CONFIG-START

[bookmark: _Hlk514739587]PDCP-Config ::=         SEQUENCE {
//////////////////////////////////////////////////skip irrelevant codes////////////////////////////////////////////////////
    moreThanOneRLC          SEQUENCE {
        primaryPath             SEQUENCE {
            cellGroup               CellGroupId                                                     OPTIONAL,   -- Need R
            logicalChannel          LogicalChannelIdentity                                          OPTIONAL    -- Need R
        },
        ul-DataSplitThreshold   UL-DataSplitThreshold                                               OPTIONAL, -- Cond SplitBearer
        pdcp-Duplication            BOOLEAN                                                         OPTIONAL    -- Need R
    }                                                                                               OPTIONAL, -- Cond MoreThanOneRLC
//////////////////////////////////////////////////skip irrelevant codes////////////////////////////////////////////////////
}
//////////////////////////////////////////////////skip irrelevant codes////////////////////////////////////////////////////
-- TAG-PDCP-CONFIG-STOP
-- ASN1STOP

	PDCP-Config field descriptions

	///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////skip irrelevant rows///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

	primaryPath
Indicates the cell group ID and LCID of the primary RLC entity as specified in TS 38.323 clause 5.2.1 for UL data transmission when more than one RLC entity is associated with the PDCP entity. In this version of the specification, only cell group ID corresponding to MCG is supported for SRBs. The NW indicates cellGroup for split bearers using logical channels in different cell groups. The NW indicates logicalChannel for CA based PDCP duplication, i.e., if the UE does not support dual connectivity with 5GC (i.e. NG-EN DC, NE-DC or NR DC) and both logical channels terminate in the same cell group. The logicalChannel IE should not be present if the UE supports dual connectivity with 5GC as the ul-Duplication IE in LogicalChannelConfig should be used instead.

	///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////skip irrelevant rows///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////



///////////////////////////////////////////////////////////////////////////////text proposal end///////////////////////////////////////////////////////////////////////////////


Annex – Other noticeable solutions
Option 3: The MN should pre-allocate the LCIDs in MCG which can be allocated by the SN for SN-terminated MCG bearers (or SN-terminated split bearers), whereas the LCIDs in SCG are still appointed by the SN.


 
[bookmark: _Ref526934355]Figure 7. Option 3—configuring SN-terminated MCG bearer. The left one depicts the MN-triggered procedure, while the right one depicts the SN-triggered procedure. In this case (at least) the LCID of the primary path within the MCG is allocated by the PDCP-hosting node.



[bookmark: _Ref526934364]Figure 8. Option 3—configuring MN-terminated SCG bearer. In this case the LCID is allocated by the RLC-hosting node.
It can be clearly see in Figure 7 and Figure 8 that the processing of the SN-terminated MCG bearer and the MN-terminated SCG bearers are different from each other.
Pros of Option 3: This option does not affect the current ASN.1 code in TS 38.331.
Cons of Option 3: This option has significant impact on interfaces (e.g. on F1AP) and network implementation (e.g. the SN should remember the LCID list provided by the MN). Different behaviour between the MN and the SN also complicates the DC overall structure and troubles future enhancements. In addition, preconfigured LCID list is relatively rigid.
Option 4: LCID should always be decided by the PDCP-hosting NG-RAN node, irrespective of any LCID collision. It is up to the RLC-hosting NG-RAN node to detect and resolve any potential LCID collision.


Figure 9. An example of Option 4. If the LCID allocated by the SN is the same as the one currently used by an MCG bearer, this victim bearer should have be re-assigned with a new LCID. LCID change should be performed simultaneously both in the UE and in the network, and thus the user data over the victim bearer should be halted for a while.
Pros of Option 4: This option does not affect the current ASN.1 code in TS 38.331.
Cons of Option 4: This option has some impact on interfaces (e.g. on F1AP) and network implementation. The most noticeable drawback is that this option is suboptimal—it will randomly incur such a case that one existing bearer is inevitably halted when adding or modifying another irrelevant bearer. In addition, such option may not be applicable for multi-connection, e.g. if two SNs both allocate a same LCID for their SN-terminated MCG bearer, the MN can no longer handle this case on its own.
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