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Abstract: SA2 sent SA1 LS on low latency communication applications to use RAN feedback on periodicity for scheduling (S2-2209964). This contribution provides background and discussion motivating a reply LS (S1-223zzz) and CR (S1-223zzz).
1. Introduction
The Rel-18 SA2 study on 5G Timing Resiliency and TSC & URLLC enhancements includes Key Issue #6. This Key issue and the topic is reproduced in this paper to provide sufficient background for the discussion which follows in part 2, in 23.700-25, 5.6 (see Annex below). 
The goal of this use case is to enable an AF downstream traffic according to a schedule that allows for low latency (e.g. 2 ms) requirements. There were two aspects studied. First the need for transmission schedule adaptation for periodic traffic streams was considered. Second, how to enable RAN to provide feedback for applications for low latency communication to avoid the need for buffering in the RAN to serve the downlink communication KPIs.
The LS from SA2 concerns the conclusion for Key Issue #6 (23.700-25 version 1.1.0, clause 8.4). A question was raised concerning a specific part of the conclusion and this was captured in an editor's note. This text is captured in the annex below to aid in discussion.
2. Discussion
2.1 Explanation of the intention of the conclusion in TR 23.700-25, version 1.1.0, clause 8.4 & open aspect
It is very difficult to achieve a very low latency for downlink communication. There is a high likelihood of buffering in the RAN. 
The principle of scheduling downlink data communication has been accepted in SA2. See 23.700-25, 6.22.2, Figure 6.22.2-1.
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Figure 6.22.2-1: Example of transmission opportunities information

What remains under discussion, as indicated by the Editor's Note (see 23.700-25, 8.4 in the annex below) and the incoming LS is the conclusion (highlighted bold faced above) that there is additional information provided by the RAN concerning periodicity of opportunities to transmit with low latency:
Editor's note:  Whether periodicity values are provided will be determined in a future meeting based on SA1 feedback.
Please consider the following observations:
1)	There are dynamic factors that influence deterministic communication including network guaranteed delay given AN-PDB or CN-PDB. For low-latency communication any change in the availability of these resources decides whether the requirements can be satisfied or not. It is not guaranteed that these cannot change over time. Indeed the transfer interval may deviate by several % around the target over time.
2)	The 5GS must take into account of changes in these factors in order for periodic deterministic communication to be supported over time, to ensure low latency requirements can be satisfied.
3)	The only way to ensure proper use of opportunities is to expose DL transmission opportunities to the UE, as stated in TR 23.700-25, 6.22.1:
This solution enables the RAN to provide to an AF some details on DL transmission opportunities, so that the AF can adapt its transmissions times to minimise end-to end delays.
This solution has been accepted in principle in the conclusions in TR 23.700-25, 8.4.
4)	Given dynamic factors over time, the periodicity of transmission opportunities sent by RAN must be adapted over time, otherwise a change in transmission opportunities cannot be exposed to the AF. Periodic deterministic communication adaptation will not succeed in dynamic conditions. This will detract from the availability of this low latency service.
2.2 Evaluation of the question asked by SA2
SA2 asks SA1:
· SA2 would like to ask whether SA1 sees a need for dynamic periodicity adjustment based on 5GS feedback for applications which need low latency communication.

Discussion:
	RAN2 expressed to SA2 in an LS (S2-2208142/R2-2208913): 
SA2 asked: What are the possible values for the periodicity of the TDD cycle that RAN can support? This question is related to Problem 1.
RAN2 answered: 
RAN can support the following TDD cycles: {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 3ms, 4ms, 5ms, 10ms};
Regarding Problem 1: Due to various reasons, for example, packets arriving to the gNB will experience buffering (i.e. resulting in increased delay) if their time of arrival is not aligned with the transmission opportunities of the TDD subframe, there could be a need to adjust burst arrival time in TDD scenario. On the other hand, as dynamically adjusted TDD patterns are also supported in the specification, it could be possible in some deployments that the gNB adjusts the TDD pattern to accommodate potential misalignments.
It is clear from this response that delay and opportunities will vary over time and dynamic adjustment is required in order to make use of adjusted transmission opportunities.
Please see blow, an excerpt of requirements from 22.104, Table 5.2.1, indicating performance requirements for deterministic communication:
	Characteristic parameter
	Influence quantity
	

	Communication service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2) (note 12a)
	Message size [byte] (note 12a)
	Transfer interval: target value (note 12a)
	Survival time (note 12a)
	UE 
speed (note 13)
	# of UEs
	Service area 
(note 3)
	Remarks

	99.999 % to 99.999 99 %
	~ 10 years

	< transfer interval value
	50
	500 μs 
	500 μs
	≤ 75 km/h
	≤ 20
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	40
	1 ms 
	1 ms
	≤ 75 km/h
	≤ 50
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	20
	2 ms 
	2 ms
	≤ 75 km/h
	≤ 100
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)


 
The AF, to achieve the requirements above needs to know not only the BAT offset (a time offset to the observed timing of the packet reception in the user plane in the NG-RAN), but also the periodicity. 
From a stage 1 perspective it is not relevant that this periodicity information comes from the RAN (though in fact it cannot come from anywhere else), nor that it is delivered to the AS (though it has to be, in order for the application service to operate according to the requirements.) We do not suggest that we should respond to the 'stage 2 level question' in stage 2 terms. Rather, it is imperative, from SA1's service level perspective: periodic deterministic communication shall proceed using the proper periodicity and latency with high availability adapting sufficiently to the dynamic nature of transmission opportunities as these change over time.
The implicit requirement is that the 5GS shall provide a mechanism by which the AS can communicate downlink according to periodic deterministic constraints according to the KPIs in the table above.
To the extent that a stage 2 solution depends on informing the AF of information, this would be an implication of the above requirement. Since dynamic periodicity is required by the AF, by the argument above, in order for the stage 1 requirement to be satisfied, SA1 confirms that such dynamic periodicity adjustment support by the 5GS is supported by the requirements.  
A 22.104 CR is proposed to clarify the general requirement with an additional requirement as shown below.
	The 5G system shall be able to provide periodic deterministic communication with the service performance requirements for individual logical communication links that realise the communication services reported in Table 5.2‑1. 
The 5G system shall be able to overcome and adjust for any indeterminism (i.e. factors that change the periodic deterministic communication constraints) that may occur, including dynamic factors to satisfy the KPIs in 5.2-1.
NOTE:	Support for deterministic communication adjustment for dynamic factors could entail exposure of information to users of the deterministic communication services.



The proposed response to the SA2's question is:
· SA2 would like to ask whether SA1 sees a need for dynamic periodicity adjustment based on 5GS feedback for applications which need low latency communication.
	SA1's answer:
The current requirement in TS 22.104, 5.2 that relates to this matter is quite general:
The 5G system shall be able to provide periodic deterministic communication with the service performance requirements for individual logical communication links that realise the communication services reported in Table 5.2‑1. 
This requirement is makes no assumption regarding the technical solution that will fulfill it. This response does not specifically address 5GS feedback since this is not defind at the stage 1 level. The service requirement assumes that the 5G system will take into account factors that will work against deterministic communication, be they static or dynamic. If dynamic factors will affect periodic deterministic communication, these need to be taken into account in stage 2.
Please see the attached CR which includes this clarification of the above service requirement, that dynamic aspects must be taken into account, with a note indicating that such support could ential exposure of sufficient information to provide support for the services included in TS 22.104, 5.2.



3. Conclusions
A 22.104 CR is proposed in S1-223zzz to add a requirement to 5.2 (as shown above.)
An LS reply is proposed in S1-223zzz with the following text, the action being for SA2 to take this into consideration.
4. Proposal
It is proposed to agree to the draft LS in S1-223zzz and 22.104 CR in S1-223zzz.

Annex - Citations from 23.700-25
	5.6	Key Issue #6: Adapting downstream scheduling based on RAN feedback for low latency communication
[bookmark: _Toc113115672][bookmark: _Toc113359417][bookmark: _Toc117521946][bookmark: _Toc117685273]5.6.1	Description
This key issue is targeting how for applications to adapt downstream scheduling in order for 5GS to meet really low latency (e.g. 2ms) requirement.
For this key issue, the following areas should be studied:
-	Need for application transmission schedule adaptation and the ability to meet extremely low PDB for a QoS Flow from the 5GS perspective for periodic traffic streams (based on feedback from RAN WGs).
-	How to enable the RAN to provide feedback to application for low latency communication (e.g. for application to consider DL packet transmission time slots to avoid buffering in the RAN) for this purpose.
NOTE 1:	The key issue needs to consider also the downlink scheduling in N3 transport network as studied under the Key Issue #x: Interworking with TSN network deployed in the transport network.
NOTE 2:	Although the focus is on downstream scheduling, any optimization on upstream scheduling should not be precluded if similar enhancement as for downstream scheduling applies.



	8.4	Key issue #6: Adapting downstream scheduling based on RAN feedback for low latency communication
The following bullet points summarize the principles for the way forward:
-	Proactive feedback requires that 5GS and the AF receive time information from the same master clock. Since this assumption cannot hold in all deployment, both pro-active and reactive feedback mode shall be supported.
-	The AF provides adaptation capability information of the application to 5GS.
Principles for Proactive feedback:
-	The AF may indicate a capability for BAT adaptation in the AF request, along with the BAT as specified in Rel-17.
-	If the AF indicates its capability for BAT adaptation ora BAT window and the PCF receives a policy authorization request from the AF/NEF/TSCTSF that indicates that capability or a BAT window:
-	the PCF sets a trigger to be notified for the "BAT offset" event for the corresponding PCC Rule via the SM policy control service to the SMF.
-	If the SMF receives an indication for a BAT adaptation capability or a BAT window, in a TSCAC, the SMF includes that indication or a BAT window into TSCAI along with the QoS Flow establishment request. This indicates to the NG-RAN that the NG-RAN may provide a BAT offset in an N2 SM information as a response to the SMF.
-	As a response to the QoS Flow establishment request, the NG-RAN may provide a "BAT offset" that is within the BAT window, if available value. The BAT offset is provided from NG-RAN to SMF, eventually forwarded via PCF/TSCTSF/NEF to AF.
-	If the AF does not receive the BAT offset (e.g. NG-RAN did not provide it), the AF assumes that the BAT value is used as a Burst Arrival Time in 5GS.
-	The SMF configures the UPF for clock drifting reports as specified in TS 23.502 [3]. In a case the SMF receives a clock drifting report from UPF, the SMF adjusts the BAT offset based on the existing procedures in TS 23.502 [3] and provides the updated BAT offset to the AF via PCF/TSCTSF/NEF.
-	The AF may also indicate its capability for periodicity adaptation or a Periodicity Range in the AF Request together with the parameter for BAT adaption mentioned above.. . 
-	The RAN may provide a periodicity feedback together with a BAT offset mentioned above. The periodicity feedback shall be within the Periodicity Range (if available). If RAN provides feedback with only one periodicity, the feedback for BAT is accepted based on proposed periodicity. If RAN provides feedback only for BAT, the assumed periodicity is accepted and the signaling continues as described already.
- 	If AF can accept the changed periodicity and changed BAT, it applies those to the traffic. If AF can only accept the changed periodicity but cannot support proposed BAT, then it provides the BAT (or BAT window) and the signaling continues as described already. 
-  	If the AF accept the periodicity and BAT, it needs to send a confirmation to the 5GS in order to notify SMF/CUC the periodicity or BAT which shall be used in integration with TSN transport network as described in clause 8.3.
Editor's note:  Whether periodicity values are provided will be determined in a future meeting based on SA1 feedback.


The remainder of 8.4 is not included, as it is not pertinent to the question posed to SA1.
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