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[bookmark: _Hlk526665839]Abstract of the contribution: This paper proposes a solution for the key issue “xxx” for inclusion in TR 23.700-60.
Discussion
The FS_XRM TR 23.700-60 has a Key Issue “Uplink-downlink transmission coordination to meet Round Trip latency requirements” as agreed in S2-2201802. As per KI description,
In order to provide immersive experience for users, the XR/media services with real-time interaction typically require very low Round-Trip latency.
This key issue aims at addressing the following points for XRM:
-	Whether and how to support uplink-downlink transmission coordination to meet Round-Trip latency requirements between UE and N6 termination point at the UPF, including the following aspects.
-	Potential interaction between AF and 5GS for uplink-downlink transmission coordination, e.g. RTT latency requirement;
-	Potential QoS enhancements for uplink-downlink transmission coordination, with regard to the RTT latency requirement.
Currently, the 5GS can configure the separate PDBs for separate QoS flows which can be used for uplink and downlink transmission respectively based on the latency requirement for corresponding UL/DL traffic from AF as specified in TS 23.503. However, the challenge is to meet the very low Round-Trip latency requirements with the variable and unbalanced uplink/downlink latency overhead. Thus, it is difficult for the AF to split the RTT requirement into UL and DL delay requirement in an optimized way. 
This solution proposes the introduction of a two-way delay budget, which allows to coordinate the UL-DL transmission and to cope with the unbalanced and variable latency requirements. Unused PDB in UL direction can be used for the packets in DL direction.
Based on this, the following solution is proposed for TR 23.700-60.
Proposal
It is proposed to add the following solution to TR 23.700-60.
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Many XR and media services and applications are interactive by nature making UL and DL traffic mutually dependent. More specifically, pose/control information sent in UL by the UE is processed by a spatial computing server (SCS) hosted in the network. The SCS renders the media content according to the received pose information and transmits it in DL to the UE. UL traffic consists of a stream of small packets generating few kbps, whereas DL traffic consists of large visual content, which accounts to several Mbps (see TS 22.261). Therefore, UL and DL traffic experience different transmission latencies due to the different size of the content UL and DL PDUs carry.
Accordingly, the user experience of these interactive services is affected by the round-trip delay (RTD) rather than the one-way delay and is measured as the difference between the transmission of the pose/control information and the reception of the corresponding media content. To allow an immersive experience, the RTD must be kept below a certain threshold (RTDmax). The RTD assigned for a given QoS Flow does not necessarily need to be split equally between UL and DL. Having distinct QoS characteristics and parameters for UL and DL as in the current 5GS QoS framework is too restrictive for XR services and applications since the information in UL and DL is different and XR quality is affected by RTD instead of one-way delay.
This solution proposes the definition of a two-way delay budget (TWDB) as a new 5QI parameter, which allows to increase the DL PDB by an amount equal to the unused UL PDB (and vice versa). Unused PDB is the difference between PDB and latency incurred for actual transmission.
6.x.2	Functional Description
The two-way delay budget (TWDB) is defined as the sum of UL and DL PDBs. Therefore, when TWDB is used by the 5GS, the PDB for DL transmission is the difference between the TWDB and the transmission latency incurred for UL. The amount of TWDB to be assigned for DL and UL packet transmissions is decided by the 5GS at the establishment of the PDU session establishment and it may be updated during the PDU session.


6.x.3	Procedures
We propose two solutions for the specification of TWDB, both extending the QoS model defined in TS 23.501 - Section 5.7. More specifically, we propose the following two solutions:
· Option 1 Explicit definition of TWDB: the TWDB is defined explicitly as a new QoS characteristic associated with 5QI. This requires the description of a new clause for the definition of the TWDB and its relationship with the PDB as well as the extension of Table 5.7.4-1 with one additional column marked as TWDB.
· Option 2 Implicit definition of TWDB: the TWDB is defined implicitly by specifying a different handling of the UL and DL PDBs. as a new QoS characteristic associated with 5QI. This requires the modification of the clause associated to the description of the PDB in section 5.7.3.4 of TS 23.501 as well as the addition of a Note in Table 5.7.4-1 to specify how to compute the TWDB from the PDB associated to the 5QIs for UL and DL.

An example of explicit and implicit definition of the TWDB is illustrated in Table 1, where the value of the TWDB is explicitly defined for 5QI=80, whereas is implicitly defined for 5QIs={88,89,90}. The new note (NOTE 18) indicates that the TWDB is the sum of the PDBs of the 5QIs selected for UL and DL QoS flows. If the 5GS select 5QI=80 for both UL and DL QoS flows, the resulting TWDB is equal to 40ms, whereas for the case 5QI=88 for UL and 5QI=89 for DL, the resulting TWDB is equal to 25ms.

[bookmark: _Ref98930792]Table 1 – New definition of Table 5.7.4-1: Standardized 5QI to QoS characteristics mappingOption 2: Implicit TWDB 


Option 1: Explicit TWDB 

	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Two-Ways Delay Budget
	Packet Error
Rate
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	80
	
	68
	10 ms
(NOTE 5,
NOTE 10)
	20 ms
	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	88
	
	25
	10 ms (NOTE 4)

	N/A
(NOTE 18)
	10-3
	1125 bytes
	2000 ms
	Interactive Service - Motion tracking data, (see TS 22.261 [2])

	89
	
	25
	15 ms (NOTE 4)
(DL)

	N/A
(NOTE 18)
	10-4
	17000 bytes
	2000 ms
	Visual content for cloud/edge/split rendering (see TS 22.261 [2])

	90
	
	25
	20 ms (NOTE 4)
(UL)

	N/A
(NOTE 18)
	10-4
	63000 bytes
	2000 ms
	Visual content for cloud/edge/split rendering (see TS 22.261 [2])


Note 18: for this 5QI, PER determination is mainly based on TWDB requirement and not just based on the PDB. If TWDB is not explicitly defined (N/A), its value is the sum of DL and UL PDBs. TWDB is defined only for services that have both DL and UL QoS flows.

 At the time of QoS Flow setup, SMF can indicate to the NG-RAN whether the TWDB applies. NG-RAN can consider a DL packet as received only if the sum of the transmission latencies for UL and DL together exceeds the TWDB. The TWDB can be determined by the PDB associated for individual 5QIs for UL and DL respectively. Alternatively, the split of the TWDB can be decided by the network (i.e., the amount of TWDB allocated to UL and DL) and can be updated dynamically for a given QoS Flow. 
By default, the TWDB is determined based on the PDB for UL and DL. If a dynamic split applies, then SMF can also indicate the split for the UL and DL. For example, the delay budget assigned to DL can be computed as the difference between the TWDB and a function of the UL latency. The function of the UL latency can be the maximum of the latency experienced by a sequence of consecutive packets transmitted in UL over a sliding window. Other options may include the average or the upper bound of the confidence interval of the UL latency (this requires the estimation of second order statistics). The sliding window can be defined in terms of number of consecutive PDUs or as a time interval. The update of the split of the TWDB between DL and UL can be periodic or based on conditions on the variation of the transmission latency in each direction.
In summary, when a TWDB (two-way delay budget) is not utilized, a packet which is delayed more than the one-way PDB is counted as lost and included in the PER unless the data burst is exceeding the maximum data burst volume (MDBV) within the period of PDB or the QoS flow is exceeding the guaranteed flow bit rate (GFBR). When two-way delay budget is utilized, as long as the PDUs for UL and DL are delivered within the TWDB (two-way delay budget), the corresponding PDUs are not counted as lost and thus not included in the PER.
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-	PCF:
-	Determine the QoS Flows for which TWDB applies along with the split for UL and DL based on application characteristics.
-	SMF:
- Send the indication whether the TWDB applies or not along with the split for UL and DL to NG-RAN.
-	NG-RAN:
-	Ability to receive the indication whether TWDB applies or not, along with the split for UL and DL. Furthermore, NG-RAN has the ability to determine PER based on TWDB
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