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Abstract of the contribution: This paper proposes to add a new Key issue on how to adapt downstream scheduling for WT#3.2.
Discussion
In the WT#3.2 in the SID (SP-211634), it said:

WT#3.2 Study if there is a need for applications to adapt downstream scheduling in order for 5GS to meet really low latency (e.g. 2msecs) requirement and if there is a need to have feedback from RAN (e.g. for application to consider DL packet transmission time slots to avoid buffering in the RAN) for this purpose.
There are two scenario:

Scenario 1:
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The potential scenario of problem is:
· The NG-RAN get the TSCAI from SMF, BAT=t0, periodicity = p;

· The expected data arrival time sequence for this flow is before: t0. t0+p, t0+2p, t0+3p, t0+4p, ………
· But for some reason, the delay in the N3 is more than CN-PDB, the actual arrival time is in the above figure, a little bit later than the expected timeline.

· In the existing mechanism, the late data may be buffered in the NG-RAN, and be scheduled in the next window, i.e. t0+p, t0+2p, t0+3p, t0+4p,
· So The 5G system delays the message for one more cycle
But the issue, whether this increased delay is stable? 

· If the increased delay in the N3 is not stable, what solution can adapt downstream scheduling in order for 5GS to meet really low latency 

· If the increased delay in the N3 is stable, why the N3/transport network can achieve this stable increased delay? 
Scenario 2: mismatch between TDD scheduling pattern and TSC burst arrival time for DL data.
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The arrival time of the packets may not fit well with the TDD scheduling cycle in the RAN node. 
· When the DL packet arrives the RAN, it is in the slot for uplink slot. The packet need to wait until the next DL slot. So it add the DL delay and buffer in the NG-RAN
For this scenario:
· It assume the arrival time in the NG-RAN is deterministic/accurate, e.g. in 1ms level. 

· It assume the real N3 delay is deterministic. This has dependency with WT#3.1, i.e. the transport network deploy TSN, and 5GC can use this capability.
· TDD scheduling pattern and periodicity are matched. The common slot configuration are cycle of DDDSU, DDDSUDDSUU, DDDDDDDSUU, etc. (D: downlink, u: uplink, S: special). It assume the periodicity of TSC traffic is an integer multiple of TDD pattern. Otherwise sometimes, the packet arrives at "D" and sometimes, the packet arrives at "U".
Background.

In the 38.211, the following table show the frame structure. 
Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix.
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	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16


In the NR, each frame contains 10 sub-frame. And length of frame is 10ms. So length of sub-frame is 1ms.
The typical NR configuration, < Normal CP, Numerology = 1 > (i.e. [image: image7.png]


=1.)

It means, 

· There are 2 slot in one sub-frame. The length of each slot is 0.5ms (500us).
· There are 14 symbol in each slot. The length of each symbol is about 35.5us ( = 500us/14).
For TDD pattern “D”, it means all 14 symbols of 1 slot are for Downlink

For TDD pattern “U”, it means all 14 symbols of 1 slot are for Uplink

For TDD pattern “S”, it means some symbols are for Uplink, and some symbols are for Downlink.
In the 38.213, it define the slot configuration.
A slot format includes downlink symbols (D), uplink symbols (U), and flexible symbols (F). 

Table 11.1.1-1: Slot formats for normal cyclic prefix

	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F

	8
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	9
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	10
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	F
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	17
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	18
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	19
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	20
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	21
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	22
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	23
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	24
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	25
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	26
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	27
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U
	U

	34
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	U

	44
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F
	F
	U
	U

	45
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, if any, on detected DCI formats


According to above background information, it can find the scheduling in the RAN is quite flexible, and the issue need to fulfil several assumption.
Proposal

It is proposed to add the following to the TR 23.700-25 "Study on Timing Resiliency and TSC & URLLC enhancements"
*****************************************START of CHANGE **********************************************

5.Y
Key Issue #Y: DL scheduling adaptation
5.Y.1
Description

The objective of this Key Issue is to Study if there is a need for applications to adapt downstream scheduling in order for 5GS to meet really low latency (e.g. 2msecs) requirement and if there is a need to have feedback from RAN (e.g. for application to consider DL packet transmission time slots to avoid buffering in the RAN) for this purpose.

For this Key Issue, there are following assumption:

· It assume the DL data arrival time in the NG-RAN is deterministic/accurate, e.g. in 1ms level. 

· It assume the N3 delay is deterministic. This has dependency with WT#3.1, i.e. the transport network deploy TSN, and 5GC can use this capability.
· TDD scheduling pattern and periodicity are matched. It assume the periodicity of TSC traffic is an integer multiple of TDD pattern.
For this Key Issue the following areas should be studied:
a) Determine the problem scenario, where stable DL packet arrival does not fit the downlink schedule in RAN, e.g..

· When TDD pattern and TSC burst arrival times do not match at the radio slot.

· When TSC burst arrival times do not match the TSCAI provided by 5GC.

· When there is burst collision at the RAN due to identical burst arrival times of multiple TSC flows  

b)
study the solution if the above scenario, e.g.
· 5GS provided feedback to application to adapt, or
· 5GS based solution without Application impact.

********************************************End of CHANGE **********************************************
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