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1. Introduction

SA5 sent the LS reply with one request to RAN3 [1]:

	1. Overall Description:

SA5 thanks RANs for the LS reply on QoS Monitoring for URLLC.

In the LS, RAN3 answered that the measurements related to the RAN part of the packet delay, excluding the UL D1 packet delay, can be collected by the OAM by means of the following measurements defined in TS 28.552:

-
D2 (DL delay on gNB-DU), referring to Average delay in RLC sublayer of gNB-DU in TS 28.552, § 5.1.3.3.3.

-
D3 (DL delay on F1-U), referring to Average delay on F1-U in TS 28.552, § 5.1.3.3.2.

-
D4 (DL delay in CU-UP), referring to Average delay DL in CU-UP in TS 28.552, § 5.1.3.3.1.

SA5 would like to provide further clarification that the D2, D3 and D4 measurements defined by SA5 and referenced by RAN3 are the average delays, adding them up could get the average delay between NG-RAN and UE, however using these measurements cannot get the distribution of packet delays which are also defined in TS 28.552 and based on RAN part UL packet delay result excluding the UL D1 packet delay:

· Distribution of UL packet delays between NG-RAN and UE, in clause 5.1.1.1.7 of TS 28.552.

· Distribution of UL packet delays between PSA-UPF and UE, in clause 5.4.9.2.2 of TS 28.552.
2. Actions:

To RAN3 group.

ACTION: 
SA5 respectfully asks RAN3 to take the above-mentioned information into consideration and provide an UL packet delay result reported by NG-RAN excluding the UL D1 packet delay for QoS monitoring.


In this contribution, we analyze what is required to address SA5’s request and propose the corresponding CRs to complete the Rel-16 QoS monitoring feature. 
2. Discussion
2.1.   Support for SA5 LS

The SA5’s request for RAN3 to get the “distribution” of packet delays is for “UL”, specifically on D2.1, D2.2, D2.3, and D2.4 according to the definitions in TS 38.314 [2]: 
	The RAN part (including UE) of UL packet delay measurement comprises:

-
D1 (UL PDCP packet average delay, as defined in clause 4.3.1.1).

-
D2.1 (average over-the-air interface packet delay, as defined in 4.2.1.2.2).

-
D2.2 (average RLC packet delay, as defined in 4.2.1.2.3).

-
D2.3 (average delay UL on F1-U, it is measured using the same metric as the average delay DL on F1-U defined in TS 28.552 [2] clause 5.1.3.3.2).

-
D2.4 (average PDCP re-ordering delay, as defined in 4.2.1.2.4).
The UL packet delay measurements, i.e. D1(UL PDCP packet average delay), D2.1(average over-the-air interface packet delay), D2.2(average RLC packet delay), D2.3(average delay UL on F1-U) and D2.4(average PDCP re-ordering delay), should be measured per DRB per UE. The unit of D1, D2.1, D2.2, D2.3 and D2.4 is 0.1ms.

NOTE:
The delay measurements D1, D2.1, D2.2 and D2.4 are also applicable for EUTRA in case of EN-DC related UL delay measurements on the MN side.

For non CU-UP and DU split case, RAN part of packet delay excludes the delay at FI-U interface, i.e. D2.3 and D3.

If network disables the PDCP re-ordering function, the value of Average PDCP re-ordering delay i.e. D2.4 should be set to 0.

For the QoS monitoring in TS 23.501 [4], RAN informs the RAN part of UL packet delay measurement, or the RAN part of DL packet delay measurement, or both to the CN.


Based on the current progress on the support of QoS monitoring feature in RAN3, we observe the following:

·   D2.1 and D2.2 are calculated by gNB-DU and their sum is sent to gNB-CU-UP per DRB basis via “UL Delay DU Result” in the NR-U ASSISTANCE INFORMATION DATA frame [3].

·   D2.3 are D2.4 are calculated by gNB-CU-UP.
·   D1 is calculated by the UE and reported to gNB-CU-CP via RRC, where it is forwarded to gNB-CU-UP per DRB basis via the E1AP GNB-CU-CP MEASUREMENT RESULTS INFORMATION message [4]. 
·   gNB-CU-UP sums up D2.1, D2.2, D2.3 and D2.4 and reports to UPF via “UL Delay Result” in the NG-U UL PDU SESSION INFORMATION frame [5]. It also includes D1 when the flag “D1 UL PDCP Delay Result Ind” is set to 1. 
Therefore, in order for gNB-CU-UP to report UL delay value (without D1) that can be usable for “distribution” requested by SA5, we believe the following has to be supported from RAN3 specifications:

1)   gNB-CU-UP should be able to tell UPF whether UL delay value reported (without D1) is usable for “distribution” or not. NG-U impact is foreseen. 

2)   gNB-CU-UP should be able to receive the sum of D2.1 and D2.2 from gNB-DU usable for “distribution”, i.e. not averaged value. NR-U impact is foreseen. 

3)   gNB-CU-UP should be able to calculate D2.3 usable for “distribution”, i.e. not averaged value. A typical timestamp handling in NG-U can be applied accordingly in NR-U. NR-U impact is foreseen. 

·   gNB-CU-UP should be able to calculate D2.4 usable for “distribution”, but this is internally processed within gNB-CU-UP, so no signaling impact is foreseen. 

Based on the above observations, we proposed the following:

Proposal 1: Enhance NG-U so that gNB-CU-UP can tell UPF whether UL delay value reported (without D1) is usable for “UL distribution” or not. 

Proposal 2: Enhance NR-U so that gNB-CU-UP can receive the sum of D2.1 and D2.2 from gNB-DU usable for “UL distribution”.

Proposal 3: Enhance NR-U so that gNB-CU-UP can calculate D2.3 usable for “UL distribution” based on time stamp handling. 
2.2.   Alignment between NGAP, E1AP, and F1AP

The QoS monitoring feature is requested from SMF per QoS flow (through QoS Monitoring Request IE within the beloved “QoS Flow Level QoS Parameters” IE) toward NG-RAN via NGAP [6] and propagated to gNB-CU-UP and gNB-DU accordingly via E1AP [4] and F1AP [7], respectively.

Comparing this QoS Monitoring Request IE in NG/E1/F1AP, we observed the following:

·   NGAP

	QoS Monitoring Request
	O
	
	ENUMERATED (UL, DL, Both, …, stop)
	Indicates to measure UL, or DL, or both UL/DL delays for the associated QoS flow or stop the corresponding QoS monitoring.
	YES
	ignore


·   E1AP

	QoS Monitoring Request
	O
	
	ENUMERATED (UL, DL, Both, …)
	Indicates to measure UL, or DL, or both UL/DL delays for the associated QoS flow.
	YES
	ignore


·   F1AP  

	QoS Monitoring Request
	O
	
	ENUMERATED (UL, DL, Both, …, stop)
	Indicates to measure UL, or DL, or both UL/DL delays for the associated QoS flow or stop the corresponding QoS monitoring. 
	YES
	ignore


4)    To support SA5’s request, a separate indicator in QoS Monitoring Request IE (other than “UL”, “DL”, or “Both”) is required for gNB-CU-CP/gNB-CU-UP/gNB-DU to supply the corresponding UL delay values usable for “UL distribution” and reported to UPF.  

5)    The “stop” indication is missing in E1AP, not properly propagated to gNB-CU-UP. 

6)    gNB-CU-CP is not configured from SMF whether to include D1 or not for UL delay value reported to UPF. If D1 (UL PDCP packet average delay measured at UE) needs to be included, gNB-CU-UP needs to configure the UE to report D1 via RRC. If not needed, there is no need to bother the UE. Without explicitly configuring whether to include D1 or not for UL, overall behavior involving UEs remains vague from NG-RAN. 

Based on the above observations, we proposed the following:

Proposal 4: Include new “UL distribution” indicator into QoS Monitoring Request IE in NG/E1/F1AP. 

Proposal 5: Include the missing “stop” indicator into QoS Monitoring Request IE in E1AP. 

Proposal 6: Include new “UL without D1” and “Both without D1” indicators into QoS Monitoring Request IE in NGAP. 

3. Conclusion
In the present contribution we make the following observations:

Observation 1: SA5’s request for RAN3 to get the “distribution” of packet delays is for “UL”, specifically on D2.1, D2.2, D2.3, and D2.4 according to the definitions in TS 38.314 [2]:
-
D2.1 (average over-the-air interface packet delay, as defined in 4.2.1.2.2).

-
D2.2 (average RLC packet delay, as defined in 4.2.1.2.3).

-
D2.3 (average delay UL on F1-U, it is measured using the same metric as the average delay DL on F1-U defined in TS 28.552 [2] clause 5.1.3.3.2).

-
D2.4 (average PDCP re-ordering delay, as defined in 4.2.1.2.4).

Observation 2: Current progress on the support of QoS monitoring feature in RAN3 are summarized as follows:

·   D2.1 and D2.2 are calculated by gNB-DU and their sum is sent to gNB-CU-UP per DRB basis via “UL Delay DU Result” in the NR-U ASSISTANCE INFORMATION DATA frame [3].

·   D2.3 are D2.4 are calculated by gNB-CU-UP.
·   D1 is calculated by the UE and reported to gNB-CU-CP via RRC, where it is forwarded to gNB-CU-UP per DRB basis via the E1AP GNB-CU-CP MEASUREMENT RESULTS INFORMATION message [4]. 
·   gNB-CU-UP sums up D2.1, D2.2, D2.3 and D2.4 and reports to UPF via “UL Delay Result” in the NG-U UL PDU SESSION INFORMATION frame [5]. It also includes D1 when the flag “D1 UL PDCP Delay Result Ind” is set to 1. 
Observation 3: In order for gNB-CU-UP to report UL delay value (without D1) that can be usable for “distribution”, the following has to be supported from RAN3 specifications:
1)   gNB-CU-UP should be able to tell UPF whether UL delay value reported (without D1) is usable for “distribution” or not. NG-U impact is foreseen. 

2)   gNB-CU-UP should be able to receive the sum of D2.1 and D2.2 from gNB-DU usable for “distribution”, i.e. not averaged value. NR-U impact is foreseen. 

3)   gNB-CU-UP should be able to calculate D2.3 usable for “distribution”, i.e. not averaged value. A typical timestamp handling in NG-U can be applied accordingly in NR-U. NR-U impact is foreseen. 

·   gNB-CU-UP should be able to calculate D2.4 usable for “distribution”, but this is internally processed within gNB-CU-UP, so no signaling impact is foreseen. 

Observation 4: Comparing QoS Monitoring Request IE in NG/E1/F1AP, we observed the following:
4)    To support SA5’s request, a separate indicator in QoS Monitoring Request IE (other than “UL”, “DL”, or “Both”) is required for gNB-CU-CP/gNB-CU-UP/gNB-DU to supply the corresponding UL delay values usable for “UL distribution” and reported to UPF.  

5)    The “stop” indication is missing in E1AP, not properly propagated to gNB-CU-UP. 

6)    gNB-CU-CP is not configured from SMF whether to include D1 or not for UL delay value reported to UPF. If D1 (UL PDCP packet average delay measured at UE) needs to be included, gNB-CU-UP needs to configure the UE to report D1 via RRC. If not needed, there is no need to bother the UE. Without explicitly configuring whether to include D1 or not for UL, overall behavior involving UEs remains vague from NG-RAN. 

/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Enhance NG-U so that gNB-CU-UP can tell UPF whether UL delay value reported (without D1) is usable for “UL distribution” or not. 

Proposal 2: Enhance NR-U so that gNB-CU-UP can receive the sum of D2.1 and D2.2 from gNB-DU usable for “UL distribution”.

Proposal 3: Enhance NR-U so that gNB-CU-UP can calculate D2.3 usable for “UL distribution” based on time stamp handling. 
Proposal 4: Include new “UL distribution” indicator into QoS Monitoring Request IE in NG/E1/F1AP. 

Proposal 5: Include the missing “stop” indicator into QoS Monitoring Request IE in E1AP. 

Proposal 6: Include new “UL without D1” and “Both without D1” indicators into QoS Monitoring Request IE in NGAP. 

The corresponding CRs for NGAP, E1AP, F1AP, NG-U, and NR-U can be found in [8]-[12], respectively.  
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