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1. Introduction
Regarding secondary RAT data volume counting, there were some online and offline discussion at last RAN2 meetings. Some agreements were reached in RAN2 and an LS to RAN3 [1] has been approved. RAN2 respectfully asks RAN3 to discuss the secondary RAT data volume counting topic in EN-DC and provide the necessary input for TS 37.340.
In this contribution, the topic on how to measure secondary RAT data volume is discussed and the necessary input for TS 37.340 is provided based on our observations and proposals.

2. Discussion 

In current stage 2 specification [2], the signalling procedure of secondary RAT date volume reporting is defined but how secondary RAT date volume is counted is not captured. Based on RAN2 LS [1], RAN2 agreed that the guidance of how to measure the secondary RAT data volume for EN-DC will be described in TS 37.340. In addition, RAN2 asks RAN3 to provide the necessary input for TS 37.340.
There are three alternatives on how the guidance can be described in TS 37.340:

· Alt. 1: general description only 

· Alt. 2: general description plus reference to layer-2 measurement specification 

In LTE, this alternative is applied to resource usage reporting for shared network, as shown in section 23.12 of [3]. Regarding secondary RAT data volume counting, in case MeNB performs the measurement, this option is feasible. However, it does not work in case SgNB has to perform data volume counting, since it is agreed that there is no layer-2 measurement specification in R15.

· Alt. 3: detailed description as in LTE layer-2 measurement specification

This alternative is feasible no matter MeNB or SgNB performs data volume counting. 

Since Alt. 2 does not work in case SgNB performs data volume counting, Alt. 2 can be excluded firstly. Both Alt. 1 and Alt. 3 are feasible. Considering the timeline, Alt. 1 can be taken as baseline. If necessary, more details can be included as Alt. 3.
Proposal 1: The general description on how to measure secondary RAT data volume will be included in TS 37.340.

In the following sections, some issues on how to measure secondary RAT data volume are discussed and the aspects which should be included as general description are clarified.

2.1 Which bearer will be counted?
In [4], SA2 requires that: 
b)
The E-UTRAN reports uplink and downlink data volumes to the EPC for the Secondary RAT on a per EPS bearer basis and per time interval.

It can be observed that uplink and downlink data volumes reported to the EPC for the Secondary RAT are on a per EPS bearer basis. In order to make a decision on which bearer will be counted for secondary RAT data volume reporting in EN-DC, we will have a look at all bearer types from a network perspective.
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Figure 1: Network side protocol termination options for MCG, SCG and split bearers in MR-DC with EPC (EN-DC) - Figure 4.2.2-3 in [2]
In Figure 1, six types of bearer can be observed:

· MN terminated MCG bearer: both PDCP and RLC bearer are in the MN
· SN terminated MCG bearer: RLC bearer is in the MN but PDCP is in the SN
· MN terminated split bearer: PDCP is in the MN and RLC bearers are both in MN and SN
· SN terminated split bearer: PDCP is in the SN and RLC bearers are both in MN and SN
· MN terminated SCG bearer: RLC bearer is in the SN but PDCP is in the MN
· SN terminated SCG bearer: both PDCP and RLC bearer are in the SN
As captured in [4], the HPLMN or VPLMN operator may wish to record the data volume sent on the Secondary RAT. The bearers whose RLC bearer is not in the SN will not be considered for secondary data volume counting and thus there are 4 types of bearer which shall be considered (i.e. MN terminated split bearer, SN terminated split bearer, MN terminated SCG bearer and SN terminated SCG bearer).
Observation 1: There are 4 types of bearer which shall be considered for secondary RAT data volume counting (i.e. MN terminated split bearer, SN terminated split bearer, MN terminated SCG bearer and SN terminated SCG bearer).
Considering that secondary RAT data volume is reported per bearer and that not all types of bearer shall be counted, the bearer types which shall be counted should be clarified in TS 37.340.

Proposal 2: Clarify that 4 types of bearer shall be considered for secondary RAT data volume counting (i.e. MN terminated split bearer, SN terminated split bearer, MN terminated SCG bearer and SN terminated SCG bearer) as a part of the general description in TS 37.340.

2.2 Which type of packets will be counted?
In EN-DC, there are two options for the type of packets which will be counted for secondary RAT data volume reporting:

· Option 1: PDCP SDUs are counted

In this option, no protocol header at RAN is counted. This is more aligned with the amount of data in S-GW/P-GW since no RAN related header can be seen at S-GW/P-GW. Data volume over NR is provided via the secondary RAT data volume reporting function while the total data volume over LTE and NR can be counted in S-GW/P-GW.
In addition, PDCP SDUs are counted in LTE for data volume, thus the measurement and implementation of data volume in LTE can be reused as much as possible. 
However, the node hosting PDCP will be involved in order to measure secondary RAT data volume (i.e. SgNB will perform data volume counting for SN terminated SCG/split bearer while MeNB will perform data volume counting for MN terminated SCG/split bearer). It implies that both MeNB implementation and SgNB implementation are impacted.
· Option 2: RLC SDUs are counted

In this option, the node where the NR RLC bearer is will measure secondary RAT date volume (i.e. SgNB). Thus only SgNB is involved and no modification to MeNB is required.

However, if RLC SDUs are counted, at least PDCP header is taken into account, which is not aligned with the amount of data in S-GW/P-GW. It means that the reported data volumes over NR are higher than the actual data volumes. This is wrong from a charging point of view.

In addition, the impact of data volume counting for RLC SDUs at RLC sublayer needs to be assessed from both gNB implementation and specification point of view. For example, in case of CU-DU architecture, and because RLC layer is in the DU, some signalling will be needed on F1 in order to report data volumes to the CU.
In summary, the differences between PDCP SDUs counting and RLC SDUs counting are shown in Table 1.

	
	Option 1: PDCP SDUs counting
	Option 2: RLC SDUs counting

	Impact on charging
	Aligned with data volume counting in S-GW/P-GW and no impact on charging is observed.
	Not aligned with data volume counting in S-GW/P-GW and thus it has an impact on charging.

	Node performing counting
	Node hosting PDCP. Can be MeNB and/or SgNB
	SgNB

	Impact on MeNB
	PDCP SDUs sent over NR RLC are counted in PDCP layer per bearer per QCI 
	No impact on MeNB

	Impact on SgNB
	The measurement and implementation of data volume in LTE can be reused as much as possible; 

In case of CU-DU architecture, no extra signalling is needed
	The impact at RLC sublayer needs to be assessed from both gNB implementation and specification point of view. In case of CU-DU architecture, signalling over F1 is needed


Table 1: Differences between PDCP SDUs counting and RLC SDUs counting
From Table 1, it can be observed that there are some differences between PDCP SDUs counting and RLC SDUs counting. Furthermore, impact on LTE/NR specification cannot be identified if there is no conclusion on whether PDCP SDUs counting or RLC SDUs counting is applied. Therefore, it is proposed to include which type of packets will be counted in TS 37.340.

Proposal 3: Clarify which type of packets will be counted for secondary RAT data volume reporting (e.g. PDCP SDUs or RLC SDUs), as a part of the general description, in TS 37.340.
Considering that PDCP SDUs counting is more aligned with the understanding in CN, and that the impact on RLC PDUs counting on SgNB implementation is unclear, it is proposed that PDCP SDUs will be counted for secondary RAT data volume reporting. 

Proposal 4: PDCP SDUs will be counted for secondary RAT data volume reporting. 

The corresponding TP to stage-2 specification is provided in the Annex.
3. Summary
In this contribution, some considerations on the secondary RAT data volume counting are provided and the following observation and proposals are made:
Proposal 1: The general description on how to measure secondary RAT data volume will be included in TS 37.340
Observation 1: There are 4 types of bearer which shall be considered for secondary RAT data volume counting (i.e. MN terminated split bearer, SN terminated split bearer, MN terminated SCG bearer and SN terminated SCG bearer)

Proposal 2: Clarify that 4 types of bearer shall be considered for secondary RAT data volume counting (i.e. MN terminated split bearer, SN terminated split bearer, MN terminated SCG bearer and SN terminated SCG bearer) as a part of the general description in TS 37.340

Proposal 3: Clarify which type of packets will be counted for secondary RAT data volume reporting (e.g. PDCP SDUs or RLC SDUs), as a part of the general description, in TS 37.340
Proposal 4: PDCP SDUs will be counted for secondary RAT data volume reporting
The corresponding TP to stage-2 specification is provided in the Annex.
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5. Annex
The corresponding TP to stage-2 specification is proposed as following:

	FIRST CHANGE START


10.3
Secondary Node Modification (MN/SN initiated)

10.3.1
EN-DC

The Secondary Node Modification procedure may be initiated either by the MN or by the SN and be used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SN or to modify other properties of the UE context within the same SN. It may also be used to transfer an NR RRC message from the SN to the UE via the MN and the response from the UE via MN to the SN (e.g. when SRB3 is not used).

The Secondary Node modification procedure does not necessarily need to involve signalling towards the UE.

MN initiated SN Modification
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Figure 10.3.1-1: SN Modification procedure - MN initiated

The MN uses the procedure to initiate configuration changes of the SCG within the same SN, e.g. the addition, modification or release of SCG bearer(s) and the SCG RLC bearer of split bearer(s), as well as configuration changes for SN terminated MCG bearers. Bearer type change may result in adding the new bearer configuration and releasing the old bearer configuration within a single MN initiated SN Modification procedure for the respective E-RAB. The MN uses this procedure to perform handover within the same MN while keeping the SN. The MN also uses the procedure to query the current SCG configuration, e.g. when delta configuration is applied in a MN initiated SN change. MN may not use the procedure to initiate the addition, modification or release of SCG Scells. The SN may reject the request, except if it concerns the release of SN terminated bearer(s) or the SCG RLC bearer of MN terminated bearer(s), or if it is used to perform handover within the same MN while keeping the SN. Figure 10.3.1-1 shows an example signalling flow for a MN initiated SN Modification procedure.

1.
The MN sends the SgNB Modification Request message, which may contain bearer context related or other UE context related information, data forwarding address information (if applicable) and the requested SCG configuration information, including the UE capability coordination result to be used as basis for the reconfiguration by the SN. In case a security key update in the SN is required, a new SgNB Security Key is included. In case of SCG RLC re-establishment for E-RABs configured with an MN terminated bearer with an SCG RLC bearer for which no bearer type change is performed, the MN provides a new UL GTP TEID to the SN. The SN shall continue sending UL PDCP PDUs to the MN with the previous UL GTP TEID until it re-establishes the RLC and use the new UL GTP TEID after re-establishment. In case of PDCP re-establishment for E-RABs configured with an SN terminated bearer with an MCG RLC bearer for which no bearer type change is performed, the MN provides a new DL GTP TEID to the SN. The SN shall continue sending DL PDCP PDUs to the MN with the previous DL GTP TEID until it performs PDCP re-establishment and use the new DL GTP TEID starting with the PDCP re-establishment.

2.
The SN responds with the SgNB Modification Request Acknowledge message, which may contain SCG radio resource configuration information within a NR RRC configuration message and data forwarding address information (if applicable).  In case of a PSCell change with security key update, for E-RABs configured with the MN terminated bearer option that require X2-U resources between the MN and the SN, for which no bearer type change is performed, the SN provides a new DL GTP TEID to the MN. The MN shall continue sending DL PDCP PDUs to the SN with the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and use the new DL GTP TEID starting with the PDCP re-establishment or data recovery. In case of a PSCell change with security key update, for E-RABs configured with the SN terminated bearer option that require X2-U resources between the MN and the SN, for which no bearer type change is performed, the SN provides a new UL GTP TEID to the MN. The MN shall continue sending UL PDCP PDUs to the SN with the previous UL GTP TEID until it re-establishes the RLC and use the new UL GTP TEID after re-establishment.

3-5.
The MN initiates the RRC connection reconfiguration procedure, including the NR RRC configuration message. The UE applies the new configuration, synchronizes to the MN (if instructed, in case of intra-MN handover) and replies with RRCConnectionReconfigurationComplete, including a NR RRC response message, if needed. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

6.
Upon successful completion of the reconfiguration, the success of the procedure is indicated in the SgNB Reconfiguration Complete message.

7.
If instructed, the UE performs synchronisation towards the PSCell of the SN as described in SgNB addition procedure. Otherwise, the UE may perform UL transmission after having applied the new configuration.

8/9.
If applicable, data forwarding between MN and the SN takes place (Figure 10.3.1-1 depicts the case where a bearer context is transferred from the MN to the SN).

10.
The SN sends the Secondary RAT Data Volume Report message to the MN and includes the data volumes delivered over the NR radio for the E-RABs configured as SN terminated SCG bearers or SN terminated split bearers to be released.

NOTE 1:
The order the SN sends the Secondary RAT Data Volume Report message and performs data forwarding with MN is not defined. The SN may send the report when the transmission of the related bearer is stopped.

11.
If applicable, a path update is performed.

SN initiated SN Modification with MN involvement
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Figure 10.3.1-2: SN Modification procedure - SN initiated with MN involvement

The SN uses the procedure to perform configuration changes of the SCG within the same SN, e.g. to trigger the release of SCG bearer(s) and the SCG RLC bearer of split bearer(s) (upon which the MN may release the bearer or reconfigure it to an MCG bearer, either MN terminated or SN terminated), and to trigger PSCell change (e.g. when a new security key is required or when the MN needs to perform PDCP data recovery). The MN cannot reject the release request of SCG bearer and the SCG RLC bearer of a split bearer. Figure 10.3.1.-2 shows an example signalling flow for an SN initiated SgNB Modification procedure, with MN involvement.

1.
The SN sends the SgNB Modification Required message including a NR RRC configuration message, which may contain bearer context related, other UE context related information and the new SCG radio resource configuration. For bearer release or modification, a corresponding E-RAB list is included in the SgNB Modification Required message. In case of change of security key, the PDCP Change Indication indicates that a S-KgNB update is required. In case the MN needs to perform PDCP data recovery, the PDCP Change Indication indicates that PDCP data recovery is required.

The SN can decide whether the change of security key is required.

2/3.
If data forwarding and/or SN security key change needs to be applied, the MN triggers the preparation of the MN initiated SN Modification procedure and provides forwarding address and/or a new SN security key information within the SgNB Modification Request message, respectively.

NOTE 2:
If only SN security key is provided in step 2, the MN does not need to wait for the reception of step 3 to initiate the RRC connection reconfiguration procedure.

4.
The MN sends the RRCConnectionReconfiguration message including a NR RRC configuration message to the UE including the new SCG radio resource configuration.

5.
The UE applies the new configuration and sends the RRCConnectionReconfigurationComplete message, including an encoded NR RRC response message, if needed. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

6.
Upon successful completion of the reconfiguration, the success of the procedure is indicated in the SgNB Modification Confirm message containing the encoded NR RRC response message, if received from the UE.

7.
If instructed, the UE performs synchronisation towards the PSCell of the SN as described in SN addition procedure. Otherwise, the UE may perform UL transmission after having applied the new configuration.

8/9.
If applicable, data forwarding between MN and the SN takes place (Figure 10.3.1-2 depicts the case where a bearer context is transferred from the SN to the MN).
10.
The SN sends the Secondary RAT Data Volume Report message to the MN and includes the data volumes delivered over the NR radio for the E-RABs configured as SN terminated SCG bearers or SN terminated split bearers to be released.

NOTE 3:
The order the SN sends the Secondary RAT Data Volume Report message and performs data forwarding with MN is not defined. The SN may send the report when the transmission of the related bearer is stopped.

11.
If applicable, a path update is performed.

SN initiated SN Modification without MN involvement
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Figure 10.3.1-3: SN modification - SN initiated without MN involvement

The SN initiated modification without MN involved procedure is used to modify the configuration within SN in case no coordination with MN is required, including the addition/modification/release of SCG Scell and PSCell change (e.g. when the security key does not need to be changed and the MN does not need to be involved in PDCP recovery). Figure 10.3.1-3 shows an example signalling flow for SN initiated SN modification procedure, without MN involvement. The SN can decide whether the Random Access procedure is required.

1.
The SN sends the RRCConnectionReconfiguration message to the UE through SRB3.

2.
The UE applies the new configuration and replies with the RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

3.
If instructed, the UE performs synchronisation towards the PSCell of the SN as described in SgNB Addition procedure. Otherwise the UE may perform UL transmission after having applied the new configuration.

Transfer of an NR RRC message to/from the UE (when SRB3 is not used)
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Figure 10.3.1-4: Transfer of an NR RRC message to/from the UE

The SN initiates the procedure when it needs to transfer an NR RRC message to the UE and SRB3 is not used.

1.
The SN initiates the procedure by sending the SgNB Modification Required to the MN.

2.
The MN forwards the NR RRC message to the UE in the RRCConnectionReconfiguration message.

3.
The UE applies the new configuration and replies with the RRCConnectionReconfigurationComplete message.

4.
The MN forwards the NR RRC response message, if received from the UE, to the SN in the SgNB Modification Confirm message.

	FIRST CHANGE END
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10.11
Secondary RAT data volume reporting

10.11.1
EN-DC

The secondary RAT data volume reporting function is used to report the data volume of secondary RAT to CN. In EN-DC, if configured, the MN reports the uplink and downlink data volumes of SN to the EPC on a per EPS bearer basis as specified in TS 36.300 [2]. For MN terminated SCG bearers and MN terminated split bearers, the MN is in charge of counting PDCP SDUs received successfully by MN over SCG RLC for uplink, and PDCP SDUs delivered to SCG RLC for downlink. For SN terminated SCG bearers and SN terminated split bearers, the SN is in charge of counting PDCP SDUs received successfully by SN over SCG RLC for uplink, and PDCP SDUs delivered to SCG RLC for downlink. Periodic reporting is performed by periodically sending the Secondary RAT Data Volume Report messages from a SN to a MN, and then to a MME.
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Figure 10.11.1-1: Secondary RAT data volume periodic reporting

Figure 10.11.1-1 shows an example signalling flow for secondary RAT data volume periodic reporting:

1.
If the periodic reporting is configured, then the SN periodically sends the Secondary RAT Data Volume Report message to the MN and includes the data volumes delivered over the NR radio for the related E-RABs.

2.
The MN sends the Secondary RAT Report message to MME to provide information on the used NR resource.
	SECOND CHANGE END
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