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1. Introduction

In 2019 May SA2#133 meeting, SA2 has enhanced the handling of Small Data Rate Control (SDRC) status which was then different from the handling of APN rate control (ARC) status as defined in 4G.

The handling of SDRC status is performed during the PDU session release and the subsequent PDU session re-establishment procedure. It can also be peformed when the UE performs inter-system change from 5G to 4G and the PDU session cannot be transferred to 4G and then needs to be released.
This discussion paper attempts to discuss how to implement the enhanced handling of SDRC status in stage 3 and provide a way forward.
2. Discussion

2.1 What is specified in 4G for the handling of APN rate control (ARC) status
In TS 23.401 subclause 4.7.7.3 "APN Rate Control ", it was specified below (excerpted):

"When the last PDN connection using a given APN is released, the APN Rate Control Status (including the number of packets still allowed in the given time unit, the number of additional exception reports still allowed in the given time unit and the termination time of the current APN Rate Control validity period) may be stored in the MME so that it can be retrieved for a subsequent re-establishment of a new first PDN connection for that given APN.

At subsequent establishment of a new first PDN connection for that given APN, the PDN GW/SCEF may receive the previously stored APN Rate Control Status and, if the first APN Rate Control validity period has not expired, it applies the received APN Rate Control Status and provides the related parameters to the UE in the PCO (instead of the configured APN Rate Control parameters). If the initially applied parameters differ from the configured APN Rate Control parameters, the PDN GW/SCEF uses the configured APN Rate Control parameters once the first APN Rate Control validity period expires, and sends an update to the UE with the configured APN Rate Control parameters.
NOTE 2:
The storage of the APN Rate Control Status information for very long time intervals can be implementation specific."
Based on above green text, we could have:

Observation 1: The network firstly uses the parameters stored in the ARC status as the configured ARC parameters and sends it to the UE via PCO during the new first PDN connection establishment procedure.
Based on above pink text, we could have:

Observation 2: After using the parameters stored in the ARC status for rate control, the network sends the complete configured ARC parameters to the UE.

In observation 1, the parameters provided to the UE actually is the remaining quota of the current applied configured ARC parameters but the UE actually does not know this as it was delivered using the same container included in the same PCO of the same ESM message. Hence, this handling has no UE impact and that is why there is no handling specified in stage 3 specs.
In observation 2, even SA2 text does not explicit mention how to achieve this, from stage 3 perspective, it can be easily implemented by a network initiated EPS bearer context modification procedure. This was already supported in TS 24.301.

Observation 3: The handing of ARC status in 4G has no UE impact and hence the legacy handling can work well, including no need to extend the existing container coding in PCO IE.

2.2 What is specified in 5G for the handling of Small Data Rate Control (SDRC) status
Originally, SA2 copied almost the same handling as done for ARC status in 4G. However, this was enhanced in 2019 May SA2#133 meeting by an agreed CR (S2-1906051) and changed to below text in TS 24.501 subclause 5.31.14.3 "Small Data Rate Control":

"When a PDU Session is first established the (H-)SMF may provide the configured Small Data Rate Control parameters to the UE and UPF or NEF.
When the PDU Session is released, the Small Data Rate Control Status (including the number of packets still allowed in the given time unit, the number of additional exception reports still allowed in the given time unit and the termination time of the current Small Data Rate Control validity period) may be stored in the AMF so that it can be retrieved for a subsequent re-establishment of a new PDU Session.
At subsequent establishment of a new PDU Session, the (H-)SMF may receive the previously stored Small Data Rate Control Status and if the validity period has not expired, it provides the parameters to the UE in the PCO and to the UPF/NEF as the initially applied parameters, in addition to the configured Small Data Rate Control parameters. If the initially applied parameters are provided, the UE and UPF or NEF use  the configured Small Data Rate Control parameters once the initially applied Small Data Rate Control validity period expires.
NOTE 2:
The storage of the Small Data Rate Control Status information for very long time intervals can be implementation specific."
In the same SA2 meeting, the required procedure updates were covered by another agreed CR (S2-1906050) in TS 23.502 and following text was updated which is related to providing the SDRC status and SDRC paramters to the UE (copied from TS 23.502 subclause 4.3.2.2.1):

"11.
SMF to AMF: Namf_Communication_N1N2MessageTransfer (PDU Session ID, N2 SM information (PDU Session ID, QFI(s), QoS Profile(s), CN Tunnel Info, S-NSSAI from the Allowed NSSAI, Session-AMBR, PDU Session Type, User Plane Security Enforcement information, UE Integrity Protection Maximum Data Rate, RSN), N1 SM container (PDU Session Establishment Accept ([QoS Rule(s) and QoS Flow level QoS parameters if needed for the QoS Flow(s) associated with the QoS rule(s)], selected SSC mode, S-NSSAI(s), UE Requested DNN, allocated IPv4 address, interface identifier, Session-AMBR, selected PDU Session Type, [Reflective QoS Timer] (if available), [P-CSCF address(es)], [Control Plane Only indicator], [Header Compression Configuration], [Always-on PDU Session Granted], [Small Data Rate Control parameters], [Small Data Rate Control Status]))). If multiple UPFs are used for the PDU Session, the CN Tunnel Info contain tunnel information related with the UPF that terminates N3.
…

The N1 SM container contains the PDU Session Establishment Accept that the AMF shall provide to the UE. "
The main reason for above enhancement is to save the required 5GSM procedure to provide the complete configured SDRC paratmeters to the UE once the SDRC status was expired. Note that based on above pink text, during the PDU session establishment, if the SMF decides to provide, the complete configured SDRC paratmeters always needs to be provided to the UE.
Different from ARC in 4G which is per APN level, the SDRC is defined as per PDU session level. As the AMF needs to store the SDRC status for a released PDU session and to continue to use it during the subsequest re-establishment of the same PDU session, then the AMF has to store the PDU session ID together with the stored SDRC status.
Observation 4: The AMF needs to store the PDU session ID together with the stored SDRC status.

Based on above yellow text, the stored SDRC status needs to include following parameters:

· the number of packets still allowed in the given time unit; (this was referred as remaining quota for the regular packets hereafter)
· the number of additional exception reports still allowed in the given time unit; (this was referred as remaining quota for the exception report hereafter) and

· the termination time of the current Small Data Rate Control validity period (this was referred as end time of remaining quota hereafter).

Based on above green text, we could have:

Observation 5: During the establishment of a new PDU Session, the network needs to provide two set of parameters (i.e., parameters of stored SDRC status as the initially applied parameters if not expired and the complete configured SDRC parameters) to the UE via the same PCO included in the same 5GSM message. Typically, the termination time of the current SDRC validity period is also provided to the UE.
2.3 How to implment the enhanced SDRC status in stage 3
So far in stage 3, in a single 5GSM message, only one ePCO IE can be included. In an ePCO IE, as per specified in TS 24.008, only following two container IDs were defined from the network to UE direction:

"-
0025H (Small data rate control parameters);

-
0026H (Additional small data rate control for exception data parameters);"

For the container coding, SDRC re-uses the same format as ARC in 4G (coped as below) and the SDRC for exception data re-uses the same format as ARC for exception data (copied as below).
"
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Figure 10.5.136A/3GPP TS 24.008: APN rate control parameters "
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Figure 10.5.6.3.3-1/3GPP TS 24.008: Additional APN rate control parameters for exception data "
The "Uplink time unit" was defined as below. The unit "week" means one week (i.e. 7 days), "day" means one day (i.e. 24 hours) and so on. Except the time unit, there is no value part for the time, which means the provided data rate is per one time unit, e.g. one week, one day and so on.
"
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"
Based on observation 5, the end time of remaining quota shall be provided together with the corresponding remaining quotas to the UE in the same ePCO IE included in the same 5GSM message. Just due to this, then based on the current coding given in the ePCO IE, the current SDRC container and the SDRC for exception data container cannot be re-used for providing the SDRC status. It is required to add two new different container ID for SDRC status: one for regular packets and one for exception reports. Furthermore, a new container coding needs to be defined to carry the SDRC status (including the remaining quota and its end time of validity period).
Proposal 1: To define two new container ID for delivering SDRC status in ePCO IE: one for regular packets and one for exception reports. Two new containers can share a same container coding which includes the remaining quota and its end time of validity period.
Based on the time unit definition given above, the end time of remaining quota could refers the end timestamp of one week, one day and so on. There are several ways to encode the end time of remaining quota: (1) timestamp based options and time-gap based options.

For timestamp based options, in principle the network provides the timestamp at which the validity time of the remaining quota will expire. This can be represented in a format of a system time. As observed on what used in 3GPP system, following two options can be alternatives:

Option #1: Similar as used in 3GPP TS 29.274 , to use the first four octets of the 64-bit timestamp format as defined in clause 6 of IETF RFC 5905 [1].
Option #2: Similar as used in 3GPP TS 24.008, to use the TP-Service-Centre-Time-Stamp as defined in 3GPP TS 23.040 [2].
For option#1, 4 octets time value is required to indicates the UTC time in seconds relative to 00:00:00 on 1 January 1900 which can span over 136 years (see below copied from RFC 5905). The examples used this format in TS 29.274 are IEs, e.g. ULI Timestamp, TWAN Identifier Timestamp, Secondary RAT Usage Data Report, Counter.
       0                   1                   2                   3

       0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

      |                            Seconds                            |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

      |                            Fraction                           |

      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

                             NTP Timestamp Format

   The 64-bit timestamp format is used in packet headers and other

   places with limited word size.  It includes a 32-bit unsigned seconds

   field spanning 136 years and a 32-bit fraction field resolving 232

   picoseconds.”
For option #2, 6 octets time value is required to follow the format as defined in TS 23.040 subclause 9.2.3.11 (copied as below). The example used this format in TS 24.008 is IE Time Zone and Time.
"9.2.3.11
TP‑Service‑Centre‑Time‑Stamp (TP‑SCTS)

The TP‑Service‑Centre‑Time‑Stamp field is given in semi‑octet representation, and represents the local time in the following way:

	
	Year:
	Month:
	Day:
	Hour:
	Minute:
	Second:
	Time Zone

	Digits:
(Semi‑octets)
	2
	2
	2
	2
	2
	2
	2


'
For time gap based options, in principle the network provides the relative interval between the time at which the PDU session was released and the end time of SDRC parameter validity period. This indicates the remaining period during which the remaining quota can be used. These options require the UE to store the timestamp at which the PDU session was released, otherwise, the UE cannot determine when the validity period of the remaining quota will expire. Note that the UE needs to compare (the timestamp of PDU session release + the received remaining time period in the ePCO) and the current time. If former is equal to or earlier than latter, then the validity period of the remaining quota has gone; otherwise, it is not.
There are two options to represent the coding:
Option #3: to encode the time gap as x seconds.
Option #4: to encode the time gap as x hours: y minutes and z seconds.

For option #3, as the maximum SDRC validity period is one week (=604,800s) and hence, 3 octets time value is enough.
For option #4, 3 octets time value is required: 1 octet for hour, 1 octet for minute and 1 octet for second.

The evaluation on these four options was shown in below table.
Table 1. Evaluation on options for coding of the end time of remaining quota
	Option
	Pros.
	Cons.

	Option#1
	· The UE needs not to store the timestamp at which the PDU session was released.

· The time coding was already widely used in 3GPP system and easy for implementation.

· Shorter octets (4) for coding.
	· The time can only span over 136 year, i.e. to 7 Feb 2036 (see [1]) and further extension after that time may be required. [NOTE]

	Option#2
	· The UE needs not to store the timestamp at which the PDU session was released.

· The time coding was already used in 3GPP system and easy for implementation.
	· Longest octets (6) for coding.

	Option#3
	· Shortest octets (3) for coding.

· Comparing to Option #4, simpler for decoding and validity checking
	· The UE needs to store the timestamp at which the PDU session was released. This is very strange for the UE to store it as the whole PDU session was actually released.

· Complicated UE handling logic.

· Waste the UE storage.

	Option#4
	· Shortest octets (3) for coding.
	· The UE needs to store the timestamp at which the PDU session was released. This is very strange for the UE to store it as the whole PDU session was actually released.

· Complicated UE handling logic.

· Waste the UE storage.

	NOTE: This should not be a problem as it was already widely used in the current 3GPP systems. This restriction can replying on IETF to resolve it.


Based on above evaluation, we propose to use option #1:
Proposal 2: To option #1 to encode the termination time of the current SDRC validity period.
3. Proposals
Based on the discussion, observations and proposals give in section 2, for the new container to carry the SDRC status (including the remaining quota and its end time of validity period), it can be coded as below:
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Figure 1: small data rate control status parameters
Proposal 3: It proposes to code the SDRC status (including the remaining quota and its end time of validity period) as shown in Figure 1.
4. Conclusion
This discussion paper discussed how to implement the enhanced handling of SDRC status in stage 3.
Based on the discussion, following observations were provided:
For ARC handling in 4G:
Observation 1: The network firstly uses the parameters stored in the ARC status as the configured ARC parameters and sends it to the UE via PCO during the new first PDN connection establishment procedure.

Observation 2: After using the parameters stored in the ARC status for rate control, the network sends the complete configured ARC parameters to the UE.

Observation 3: The handing of ARC status in 4G has no UE impact and hence the legacy handling can work well, including no need to extend the existing container coding in PCO IE.

For SDRC handling in 5G:
Observation 4: The AMF needs to store the PDU session ID together with the stored SDRC status.

Observation 5: During the establishment of a new PDU Session, the network needs to provide two set of parameters (i.e., parameters of stored SDRC status as the initially applied parameters if not expired and the complete configured SDRC parameters) to the UE via the same PCO included in the same 5GSM message. Typically, the termination time of the current SDRC validity period is also provided to the UE.
Based on above observations, following proposals were provided:
Proposal 1: To define two new container ID for delivering SDRC status in ePCO IE: one for regular packets and one for exception reports. Two new containers can share a same container coding which includes the remaining quota and its end time of validity period.
Proposal 2: To option #1 to encode the termination time of the current SDRC validity period.
Proposal 3: It proposes to code the SDRC status (including the remaining quota and its end time of validity period) as shown in Figure 1.
Above proposals were captured in the CR C1-196338 for TS 24.501 and CR C1-196339 for TS 24.008.
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