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1. Introduction

In the last RAN2 meeting, SA2 has sent a LS [1] to RAN2 to ask for RAN feedback for low latency. In this contribution, we will discuss the questions asked by SA2 and provide our answers.
2. Discussion
In NR Rel-18, SA2 has approved a new SID on Study on 5G Timing Resiliency and TSC enhancements [1]. One work task of the SID is to research if there is a need for applications to adapt downstream scheduling in order for 5GS to meet really low latency (e.g. 2ms) requirement, and if there is a need to have feedback from RAN for the purpose.

In the LS [2], SA2 shared three problems they discussed for meeting very low latency PDBs and they asked RAN2 several questions as follows:

	Questions: 

SA2 would like to ask RAN2 WG some questions

1) What are the possible values for the periodicity of the TDD cycle that RAN can support? This question is related to Problem 1.

2) SA2 could not conclude whether a similar issue existing in FDD scenario (i.e. Problem 2) as Problem 1. Please RAN2 confirm whether it exists or not.

3) Does RAN see any additional aspects that SA2 should consider for the study?


2.1 Question 1 on TDD cycle
In current NR, the TDD configuration framework uses a three-level structure:
· Firstly, the network can provide cell-specific TDD pattern of a UE via SIB/RRC signalling, i.e. by tdd-UL-DL-ConfigurationCommon IE as follows: 

	-- ASN1START

-- TAG-TDD-UL-DL-CONFIGCOMMON-START

TDD-UL-DL-ConfigCommon ::=          SEQUENCE {

    referenceSubcarrierSpacing          SubcarrierSpacing,

    pattern1                            TDD-UL-DL-Pattern,

    pattern2                            TDD-UL-DL-Pattern                                                       OPTIONAL, -- Need R

    ...

}

TDD-UL-DL-Pattern ::=               SEQUENCE {

    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),

    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),

    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),

    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),

    ...,

    [[

    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                               OPTIONAL -- Need R

    ]]

}

-- TAG-TDD-UL-DL-CONFIGCOMMON-STOP

-- ASN1STOP


Through the IE, the network can configure the periodicity of the DL-UL pattern P, which can take a value from {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms}. Within one TDD cycle, slots/symbols are assigned as DL ones, flexible ones, and UL ones in sequential order. In TS 38.213 [4], it further clarifies that 0.625ms is valid for 120kHz, 1.25ms is valid for SCS greater than 60kHz, and 2.5ms is valid for SCS greater than 30kHz. Besides, the network can provide two different DL-UL patterns with periodicities P and P2. According to sub-clause 11.1 in TS 38.213, it has the following descriptions:
	If tdd-UL-DL-ConfigurationCommon provides both pattern1 and pattern2, the UE sets the slot format per slot over a first number of slots as indicated by pattern1 and the UE sets the slot format per slot over a second number of slots as indicated by pattern2. 
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Thus, by combining P and P2, the TDD cycle can take the following values:

{0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms, 20ms}.

· At the second level, the network can further assign the flexible slots/symbols configured at the first level as DL ones or UL ones, via RRC dedicated signalling, i.e. by TDD-UL-DL-ConfigDedicated IE. In each slot, if there are DL symbols, flexible symbols, and UL symbols, they occur in sequential order.
· At the third level, the network can indicate a flexible slots/symbols to be used as DL ones or UL ones via DCI temporarily.

Proposal 1: Reply to SA2 LS that RAN can support the following TDD cycles: {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms, 20ms}.
Even through the network is able to configure different TDD cycles based on the current NR specification, in actual real-world deployment such configuration needs to be consistent across cells to avoid inter-cell interference. For FR1 TDD spectrum with 30kHz SCS, TDD cycle with 5ms is used as typical configuration. In this case, if a DL packet arrival mismatches with DL transmission occasions, there may be buffering for a period of time waiting for the subsequent DL slots/symbols for transmission. This additional time may not able to fulfil the latency requirement of URLLC services, e.g. 2ms highlighted by SA2. Similar issue exists for UL traffic. 
Based on the above considerations, we think the Problem 1 elaborated in the SA2 LS is valid considering TDD cycle configuration in real deployment.
Proposal 2: Reply to SA2 LS that Problem 1 in the LS is valid considering TDD cycle configuration in real deployment.

2.2 Question 2 on FDD scenario

For FDD scenarios, since whenever the DL/UL traffic arrives, there are potential DL/UL transmission occasions. Problem 2 due to FDD misalignment between traffic arrival and resources, as Problem 1 for TDD, would not exist. For CG or SPS mentioned in the LS [1], the network can configure suitable CG/SPS resources to match the periodicity of the traffic, e.g. via multiple configurations with finer granularity of CG/SPS periodicities introduced in Rel-16 IIoT. We think the use of CG or SPS wouldn’t cause any considerable problems and besides, the network can always schedule DG.
Proposal 3: Reply to SA2 LS that for FDD scenario, Problem 2 does not exist.
2.3 On Problem 3

For Problem 3, a RAN node may serve multiple flows simultaneously. Currently, the burst arrival times of different flows have no coordination, which might result in a concentration of burst arrivals. The physical resource blocks in each slot could be limited, e.g. the downlink resource in each slot could only support the transmission of traffic from a few flows. For some other flows, they will have to endure certain level of queuing delay. For such flows, even the packet can be sent out by the network within its PDB, there could be no time left for retransmission. This may also have impact on the reliability fullfilment. 
As no question asked about Problem 3 directly in their LS, we can suggest SA2 to further elaborate on Problem 3. 

Proposal 4: Reply to SA2 LS that SA2 may further elaborate on Problem 3.
2.4 Question 3 on additional aspects

In Question 3, SA2 asks whether RAN see any additional aspects that SA2 should consider for the study. Currently, we don’t find any other specific issues and besides, RAN2 has no TU to do further investigation. Based on these considerations, we propose to reply to SA2 that no additional aspects need further SA2’s consideration from RAN2’s perspective.
Proposal 5: Reply to SA2 LS that from RAN2’s perspective up to now, for question 3, no additional issues need SA2’s consideration. 
3. Conclusion

In this contribution, we have discussed the questions asked by SA2 and made the following proposals:
Proposal 1: Reply to SA2 LS that RAN can support the following TDD cycles: {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms, 20ms}.
Proposal 2: Reply to SA2 LS that Problem 1 in the LS is valid considering TDD cycle configuration in real deployment.

Proposal 3: Reply to SA2 LS that for FDD scenario, Problem 2 does not exist.
Proposal 4: Reply to SA2 LS that SA2 may further elaborate on Problem 3.
Proposal 5: Reply to SA2 LS that from RAN2’s perspective up to now, for question 3, no additional issues need SA2’s consideration.
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