3GPP TSG CT WG1 Meeting #115





C1-191284
Montreal (Canada), 25 Feb - 1 March 2019
Source:
Qualcomm Incorporated
Title:
Discussion on the impacts of extended DRX on 5GS NAS retransmission timers
Agenda item:
16.2.5
Document for:
Discussion
1. Introduction

SA2 has sent an LS to CT1 in S2-1901343 in which the following is stated:

As part of the FS_CIoT_5G study SA2 concluded to support extended DRX for CM-CONNECTED with RRC inactive with sleep cycles up to the values of the relevant 5GC retransmission timers (i.e. N1 NAS, SMS, service-based interface timers) to avoid 5GC impacts. Therefore SA2 would like to request CT1 and CT4 to provide feedback which sleep cycles can be supported for extended DRX applied for CM-CONNECTED (for both RRC inactive and RRC connected) without impacting 5GC.

From the above, CT1 is requested to provide feedback on the maximum sleep cycle that can be supported for a UE in 5GMM-CONNECTED mode or in 5GMM-CONNECTED mode with RRC inactive indication. This document attempts to analyse what would the maximum sleep cycle be and provide a response back to SA2.
2. Discussion
2.1 5GC impacts due to extending the DRX cycle without extending the NAS retransmission timers
The extension of the sleep cycle will be limited by the lowest of the NAS retransmission timer values which is 6s at the AMF side.
Given 6s is the lowest value for the NAS retransmission timers, extending the DRX cycle in 5GMM-CONNECTED mode beyond 6s will lead to an increase in NAS message retransmissions. 
If the timer expires at the AMF before a response is received from the UE, the AMF will re-transmit the message up to four times before the procedure is then considered to have failed. By the fourth retransmission, the total time that would have elapsed would be 30s (i.e. total of 5 transmissions), and hence a sleep cycle that is below 30s can be applied at the expense of retransmissions. Extending the DRX cycle beyond 30s will lead to increased procedure failures at the core network.
For 5GMM-CONNECTED mode with RRC inactive indication, the impacts of extended DRX cycles are similar to the case of 5GMM-CONNECTED mode. However, the response from the UE can be subject to additional delay as the UE will have to be paged to resume its connection and first enter 5GMM-CONNECTED mode before being able to receive and send signalling. The exact time that is required to resume a connection is best determined by RAN2.
For SMS, the retransmission timer is implementation dependent as stated in TS 24.011:
The value of TC1* may vary with the length of the CP‑DATA. However, the value of TC1* shall be sufficiently great to allow the lower layers to transmit the CP‑DATA and CP‑ACK messages and to allow for some re-transmissions of layer 2 frames.

Therefore, CT1 cannot provide feedback related to the impacts of extended DRX cycles to SMS retransmissions.
2.2 Extension of 5GS NAS and SMS retransmission timers

Although the LS from SA2 asks about the impacts of extended DRX without impacting 5GC, the fact that NAS retransmission timers will be extended for NB-IoT and eMTC, similar to the extensions done for EPS NAS timers for UEs in NB-S1 mode or in WB-S1/CE mode (hereafter referred to as eMTC), is inevitable. 
This section attempts to perform an analysis on the values by which the 5GS NAS retransmission timers can be extended for NB-IoT and eMTC connected to 5GC, so as to extrapolate the impact of extended DRX in 5GS for those devices, keeping in mind that the final values will be determined as part of the CT1 work.
Before discussing the values for 5GS NAS retransmission timers, it should be noted that the access stratum functions for NB-IoT and eMTC in 5GS are not expected to be much different from the access stratum functions of current NB-IoT and eMTC devices, if not the same. As such, it can be assumed that the lower layer timers based on which the extended EPS NAS timer values were determined will still apply. 

2.2.1 Extension of NAS and SMS retransmission timers for NB-IoT connected to 5GC
In Release 13, the EPS NAS retransmission timers were extended for NB-IoT devices as described below (from TS 24.301, section 4.7):
4.7
EPS mobility management and EPS session management in NB-S1 mode
A UE in NB-S1 mode (see 3GPP TS 36.331 [22]) shall calculate the value of the applicable NAS timer:

-
indicated in table 10.2.1 plus 240s; and

-
indicated in table 10.3.1 plus 180s.

The timer value obtained is used as described in the appropriate procedure subclause of this specification. The NAS timer value shall be calculated at start of a NAS procedure and shall not re-calculate the use of the NAS timer value until the NAS procedure is completed, restarted or aborted.

When an MME that supports NB-S1 mode performs NAS signaling with a UE, which is using NB-S1 mode, the MME shall calculate the value of the applicable NAS timer:

-
indicated in table 10.2.2 plus 240s; and

-
indicated in table 10.3.2 plus 180s.

As most of the 5GS mobility management timers are similar to their EPS counterparts, and in general both 5GS and EPS NAS timers have the same range, it can be assumed that a similar value of 240s can be added to 5GS mobility management NAS timers. 
For the 5GS session management timers, the values are doubled in comparison to those in EPS (8s in EPS and 16s in 5GS). The extension for EPS session management timers (i.e. the added fixed time of 180s) is less than 240s as it was argued that for ESM messages, there is less delay as the UE would need to be in connected mode. The same argument may not necessarily apply in for 5G CIoT as the UE can be in 5GMM-CONNECTED mode with RRC inactive indication and hence the connection needs to be resume before a 5GSM message can be sent.
Therefore, due to the longer 5GS session management timers and the potential applicability of RRC inactive to NB-IoT (to be decided by RAN2), the extension for the 5GS session management timers may require an addition of more than 180s. However, the additional time for 5GS timers should not be more than 240s.
Conclusion 1: The 5GS NAS retransmission timers for NB-IoT devices connected to 5GC, and for the AMF/SMF serving such devices, are expected to be extended in a similar manner as the extensions for UEs in NB-S1 mode:

· A value of 240s is expected to be added to the current 5GS mobility management timers defined in TS 24.501 subclause 10.2

· A value of 180s-240s is expected to be added to the current 5GS session management timers defined in TS 24.501 subclause 10.3

However, the final extended values will be determined during the CT1 work.

For SMS, although the retransmission timers are implementation dependent, TS 24.011 specifies by how much these implementation timers will be extended for UEs in NB-S1 mode:
Timer TC1* typically varies with the length of the CP‑DATA:

-
if an MS is in NB-S1 mode, then for the first transmission of the CP-DATA the value of timer TC1* needs to be increased by 240 seconds from the normal value used based on the length of the CP‑DATA and for the CP-DATA retransmissions the value of timer TC1* needs to be increased by 40 seconds from normal value;
Similarly, it can also be assumed that such extensions will be done for the for NB-IoT devices connected to 5GC.

Conclusion 2: For SMS, although the retransmission timers are implementation specific, it can also be expected that these timers will be increased as follows:

· For the first transmission, the normal (implementation dependent) value is expected to be increased by 240s 
· For retransmissions, a value of 40s is expected to be added to the normal value
The final values will be determined as part of the CT1 work.
2.2.2 Extension of NAS and SMS retransmission timers for eMTC connected to 5GC
In Release 13, the EPS NAS retransmission timers for eMTC (WB-S1/CE mode) were increased on a per NAS procedure/message basis as described in sections 4.8, 10.2, and 10.3 of TS 24.301. The following is a summary of the extended EPS NAS timer ranges for eMTC: 
· UE side 

· For EPS mobility management messages: the lowest of the extended values is 33s, and the largest is 85s

· For EPS session management messages: the lowest of the extended values is 14s, and the largest is 16s
· Network side
· For EPS mobility management messages (MME side): the lowest of the extended values is 18s, and the largest is 24s 
· For EPS session management messages (MME side): the lowest of the extended values is 12s, and the largest is 16s

Most of the 5GS mobility management timer values for the UE are similar to those in EPS as mentioned earlier. Therefore, it can be expected that for eMTC connected to 5GC the range of extended timers on the UE side will be like the range mentioned above for EPS i.e. 33s to 85s.
For the mobility management timer values on network side in 5GS, again most of the NAS timers are like those in EPS (i.e. 6s), then it can also be expected that the extended NAS timer values for the AMF (that serves eMTC devices) will also be in the range of 18s to 24s.
For the 5GS session management messages, the NAS timers in the UE and the SMF are in most cases doubled compared to the (non-extended) EPS session management timers. Thus, for 5GS session management timers, it can be expected that the extended range for eMTC will be twice the range defined in EPS i.e. between 24s and 32s.
Conclusion 3: For eMTC in EPS, the NAS timers were extended on a per message basis. For eMTC connected to 5GC, the extended NAS timers will also be on a per message basis with an expected range as follows:

· UE side

· For mobility management messages: 33s - 85s

· For session management messages: 28s - 32s

· Network side

· For mobility management messages (AMF side): 18s - 24s

· For session management messages (SMF side): 24s - 32s

Again, the final values will be determined as part of the CT1 work.
For SMS, similar extensions can also be expected as those specified in TS 24.011:

if an MS supports CE mode B and operates in WB-S1 mode in either CE mode A or CE mode B, the value of timer TC1* needs to be increased by 40 seconds from the normal value used based on the length of the CP‑DATA
i.e. the implementation specific timer will be increased by 40s.

Conclusion 4: For eMTC connected to 5GC, the SMS retransmission timers (implementation dependent) are expected to be increased by 40s. The final value will be determined as part of the CT1 work.
2.2.3 Maximum possible extended DRX values for NB-IoT and eMTC connected to 5GC

In light of the expected timer extensions described in the previous sections, longer extended DRX can be applied for NB-IoT and eMTC connected to 5GC as compared to “normal” devices connected to 5GC. Considering the smallest NAS retransmission timer:

· For NB-IoT connected to 5GC, the smallest NAS retransmission timer is expected to be around 195s (15s + 180s), so a sleep cycle beyond 195s will lead to an increase in NAS message retransmissions, and a sleep cycle beyond 975s will lead to NAS procedure failures

· For eMTC connected to 5GC, the smallest NAS retransmission timer is expected to be around 18s, so a sleep cycle beyond 18s will lead to an increase in NAS message retransmissions, and a sleep cycle beyond 90s will lead to NAS procedure failures

The following have to be considered as potential worse scenarios when considering the DRX cycle length for the UE in 5GMM-CONNECTED mode with RRC inactive indication:
1. NB-IoT and eMTC are more likely than “normal” devices to miss pages due to being e.g. in very low coverage area. Consequently, the DRX values should consider the scenario when at least one page is missed, and the device goes back into DRX for another sleep cycle. For example, if the UE enters DRX sleep cycle at the time when the NAS message is received in the RAN, then an entire DRX sleep cycle will elapse before the UE wakes up to monitor paging occasions. If the UE, due to low coverage area, misses the paging after waking up from the first DRX cycle, then next opportunity to page the UE would be another entire sleep cycle i.e. 2 DRX cycles would have elapsed in total.  

2. There are lower layer delays associated with the transmission of a NAS message by a UE that has transitioned to 5GMM-CONNECTED mode (i.e. not using DRX). The EPS NAS timers were extended such that these transmission delays were considered. 
To be on the safe side and avoid an excessive increase in NAS transmission failure considering the points above, then: 
(2 DRX cycles + transmission delays) < (5 x NAS retransmission timer) 
To ensure this, a conservative rule of thumb could be to limit the maximum DRX length to (2 x NAS transmission timer), which would yield the following maximum values:
· For NB-IoT connected to 5GC, the maximum DRX cycle length for a UE in 5GMM-CONNECTED mode (with RRC inactive indication) should not be more than 390s (2 x 195s).
· For eMTC connected to 5GC, the maximum DRX cycle length for a UE in 5GMM-CONNECTED mode (with RRC inactive indication) should not be more than 36s (2 x 18s).
3. Conclusion
Based on the observations above, it is proposed to respond to SA2 as follows.
When the 5GS NAS retransmission timers are not extended, for UEs in 
· 5GMM-CONNECTED mode

· a sleep cycle beyond 6s will lead to an increase in NAS message retransmissions, and a sleep cycle beyond 30s will lead to NAS procedure failures as there can be up to 4 retransmissions of a NAS messages by the AMF.
· UE in 5GMM-CONNECTED mode with RRC inactive indication
· Same as above, however additional delays can be expected as the UE must be paged to resume its RRC connection and transition to 5GMM-CONNECTED mode. The exact time that is required to resume a connection is best determined by RAN2.
· The retransmission timers for SMS are implementation dependent and hence the impacts of extended DRX on SMS cannot be highlighted by CT1 in a deterministic manner.
It is however expected that the 5GS NAS retransmission timers will be extended for 5G CIoT in Release 16 i.e. for NB-IoT and eMTC devices connected to 5GC. Providing an initial estimate of the potential extended values will be useful for SA2’s consideration when discussion extended DRX.
For NB-IoT connected to 5GC, the extensions to the NAS timers are expected to be similar like those defined for UEs in NB-S1 mode. For the network side, a fixed value is expected to be added as follows:

· For 5GS mobility management timers (AMF side): a value of 240s is expected to be added to the timers defined in Table 10.2.2 of TS 24.501 

· For 5GS session management timers (SMF side): a value of between 180s-240s is expected to be added to the timers defined in Table 10.3.2 of TS 24.501 

The final values will be determined during the CT1 work.
For NB-IoT connected to 5GC, the SMS retransmission timers are expected to have similar extensions as those defined in TS 24.011:
· For the first transmission, the normal (implementation dependent) value is expected to be increased by 240s 
· For retransmissions, a value of 40s is expected to be added to the normal value
The final values will be determined as part of the CT1 work.

For eMTC connected to 5GC, the extension to the 5GS NAS retransmission timers is expected to be on a per message basis similar to what has been done for UEs in WB-S1/CE mode. CT1 can only indicate the expected range of extended NAS 5GS retransmission timers in the network side derived from the corresponding extended EPS NAS retransmission timers as follows:
· For 5GS mobility management timers (AMF side): 18s - 24s

· For 5GS session management timers (SMF side): 24s - 32s

The final value will be determined as part of the CT1 work.

For eMTC connected to 5GC, the SMS retransmission timers are expected to have similar extensions as those defined in TS 24.011:

· The retransmission timer, which is implementation specific, is expected to be increased by 40s 
The final value will be determined as part of the CT1 work.

When determining the DRX cycle length for a UE in 5GMM-CONNECTED mode with RRC inactive indication, the possibility of a missed paging occasion needs to be considered for scenarios of low coverage areas for which 2 DRX cycles may be required for successfully paging the UE. Additionally, for a UE in 5GMM-CONNECTED mode, the lower layer transmission delays should also be considered. 
Considering these, it is proposed to inform SA2 that the DRX cycle should not be more than 2 x NAS retransmission timers. Since the minimum extended NAS retransmission timer for
· NB-IoT devices is expected to be 195s, then it is recommended that the extended DRX cycles for a UE in 5GMM-CONNECTED mode (with RRC inactive indication) should not be more than 390s for NB-IoT devices,

· eMTC devices is expected to be 18s, then it is recommended that the extended DRX cycles for a UE in 5GMM-CONNECTED mode (with RRC inactive indication) should not be more than 36s for eMTC devices.
A reply LS providing the above information to SA2 can be found in C1-191285.

