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1	Introduction
In this paper, we discuss the questions in the LS from SA2 about RAN feedback for low latency [1]. The LS was not treated in the RAN2#118e and this paper is a revision from R2-2205502 to consider other submitted papers in RAN2#118e [2][3].
[bookmark: _Ref178064866]2	Discussion
The LS is about the need to have feedback from RAN to adapt downstream scheduling at the application layer. The purpose is for 5GS to meet low latency (e.g., 2 milliseconds) requirement. The principle is that the application layer may adjust (if possible) the time when the message is generated so that when the message arrives at the base station, there is a minimum buffering delay. The focus is on downlink scheduling. 
2.1 Problem 1 – TDD cycle 
One identified problem is that the arrival time of the packets does not fit well with the TDD cycle used in the network. For example, if a downlink packet arrives at an uplink slot, then it has to wait for the first downlink slot to be transferred and vice versa. This creates additional delay (e.g., more buffering time) to the traffic flows. The additional (maximum) delay is the longest duration of a series of UL slots in one TDD cycle.

For NR, a slot format includes downlink symbols, uplink symbols, and flexible symbols. For a serving cell, tdd-UL-DL-ConfigurationCommon provides the cell specific Uplink/Downlink TDD configuration.
As per the Annex, the periodicity of a static UL-DL pattern (per cell) is configurable by the network with the below values signalled by dl-UL-TransmissionPeriodicity and dl-UL-TransmissionPeriodicity-v1530
· {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 3ms, 4ms, 5ms, 10ms},

If the tdd-UL-DL-ConfigurationCommon only provides a pattern1 (with periodicity P1) without pattern2 (optional), then the periodicity P1 with possible values above applies. On the other hand, if the tdd-UL-DL-ConfigurationCommon provides both pattern1 (with periodicity P1) and pattern2 (with periodicity P2), then the periodicity is (P1 + P2), where (P1 + P2) divides 20 msec and can take the following values:
· {1 ms, 1.25 ms, 2 ms, 2.5 ms, 4 ms, 5 ms, 10 ms, 20 ms}

Taking the union of the possible periodicity values of P1 and P1 + P2, there are a total of 11 possible periodicities that the gNB can configure:
· {0.5 ms, 0.625 ms, 1 ms, 1.25 ms, 2 ms, 2.5 ms, 3 ms, 4 ms, 5 ms, 10 ms, 20 ms}

[bookmark: _Toc101634453][bookmark: _Toc110968754]Respond to SA2 LS that the possible periodicity values of semi-static TDD pattern is {0.5 ms, 0.625 ms, 1 ms, 1.25 ms, 2 ms, 2.5 ms, 3 ms, 4 ms, 5 ms, 10 ms, 20 ms}. 

The network can also configure a UE-specific UL/DL TDD configuration as in TDD-UL-DL-ConfigDedicated. The network can configure, within each slot, how many symbols are for downlink (in the beginning of a slot) and how many symbols are for uplink (in the end of a slot) by the IE TDD-UL-DL-SlotConfig. 

Together tdd-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated provide the semi-static TDD configuration. For symbols indicated as downlink or uplink in the semi-static pattern, the direction of transmission is thus determined. For symbols indicated as flexible in the semi-static pattern, the transmission direction (downlink or uplink) is according to the DCI that schedules the transmission, when the UE is not configured to monitor PDCCH for DCI format 2_0.
Beyond tdd-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated, the gNB can also use DCI format 2_6 to additionally provide dynamic TDD uplink/downlink pattern. The dynamic pattern by DCI format 2_6 can further specify some (or all) of the flexible symbols in the semi-static TDD pattern to be downlink or uplink. In TS 38.213, Table 11.1.1-1 provides 55 slot formats for normal cyclic prefix. 
From the above description, it can be observed that there are a huge number of possible downlink/uplink TDD patterns in NR. Also, due to the provision of flexible symbols, the final transmission direction can be determined by DCI, including DCI format 2_0 and DCIs that schedule downlink or uplink transmission.
[bookmark: _Toc101634454][bookmark: _Toc110968755]Respond to SA2 LS that the flexible symbols in the semi-static TDD pattern can be further modified by dynamic control information.
Per the above two proposals, it is clear that RAN has considered the impacts of the TDD pattern on the packet delivery latency, and provides numerous tools do adjust the TDD pattern to suit traffic requirements (i.e., a very short semi-static TDD pattern, the possibility to define flexible symbols, and the possibility of using DCI to adjust DL/UL symbols). Thus, we propose:
[bookmark: _Toc110968756]Respond to SA2 LS that there is no need to adjust burst arrival time in TDD scenario.
It was mentioned in [2] that, even though 3GPP specs allow a very flexible TDD pattern, there are reasons for a limited selection in practice, for example, due to interferences including coexistence issues with neighbouring cells and other networks deployed on adjacent spectrum. One example is that, for macro network deployments using FR1 TDD spectrum with 30 kHz subcarrier spacing, TDD cycles with 5 milliseconds or 2.5 milliseconds periodicity are typically used to facilitate coexistence with legacy LTE TDD deployments. It was further proposed to indicate these practical TDD cycle configurations for coexistence to SA2. However, this was outside the scope of the question in SA2 and we believe SA2 will consider this in their respective works. 
2.2 Problem 2 – FDD 
For FDD, the network and the UE can operate in full duplex mode and so there is no waiting time for an UL transmission or DL transmissions as in TDD. The gNB can, for example, activate SPS/CG just after the burst arrival time information provided by the core network. Moreover, the minimum periodicity of these resources is 1 slot for SPS, and 2 symbols for CG. This means that there is no issue for FDD.
[bookmark: _Toc110968757]	Respond to SA2 LS that there is no need to adjust burst arrival time in FDD scenario.
2.3 Problem 3 – Multiple flows
The last problem is that the arrival times of multiple flows in the same RAN node are not coordinated. If the arrival time can be coordinated, then it is possible to adjust them so that the transmission of these multiple flows does not overlap. In other words, from the RAN node point of view, the best outcome would be that at each time instance, only one flow is served. In the worst case (without coordination), the RAN node may need to serve multiple flows at the same time which will make the resource use bursty which is less efficient. 

If the end-to-end latency of a flow is the same as or larger than the transfer interval of that flow, then it is expected that RAN node may have to schedule transmissions for that flow all the time. In other words, it is not useful at all to adjust the BAT. 
If the end-to-end latency is smaller than the transfer interval, then the RAN node may drop a packet if the end-to-end latency (i.e., PDB) has passed. The RAN node may schedule other flows between the end of the PDB of the previous flow and the arrival of the next message of the previous flow. Only in this case, it may be useful (but only theoretically) to adjust the BAT so that the “active” transmission time of different flows do not overlap. Even if possible, the theoretical gain is limited, since the end-to-end latency would not be much shorter than the transfer interval, assuming the case of latency of 2 msecs as in the SA2 LS. Additionally, whether RAN discards the packet after PDB is up-to RAN implementation. Lastly, as far as we know, there is no such requirement of a flow with e2e latency smaller than the transfer interval for low latency of 2 msecs (as indicated in the SA2 LS) in the TS 22.104. 
All in all, the benefits to adjust BAT to allow more admission of QoS flows are not clear. 
[bookmark: _Toc110968758]Respond to SA2 LS that RAN2 does not see any use case in which the adjustment of burst arrival time allows admission of more flows. 
[bookmark: _Toc101793064]
3. Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Respond to SA2 LS that the possible periodicity values of semi-static TDD pattern is {0.5 ms, 0.625 ms, 1 ms, 1.25 ms, 2 ms, 2.5 ms, 3 ms, 4 ms, 5 ms, 10 ms, 20 ms}.
Proposal 2	Respond to SA2 LS that the flexible symbols in the semi-static TDD pattern can be further modified by dynamic control information.
Proposal 3	Respond to SA2 LS that there is no need to adjust burst arrival time in TDD scenario.
Proposal 4	Respond to SA2 LS that there is no need to adjust burst arrival time in FDD scenario.
Proposal 5	Respond to SA2 LS that RAN2 does not see any use case in which the adjustment of burst arrival time allows admission of more flows.
[bookmark: _In-sequence_SDU_delivery]
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[bookmark: _Toc60777410][bookmark: _Toc90651282]5. Annex – RRC spec for TDD
–	TDD-UL-DL-ConfigCommon
The IE TDD-UL-DL-ConfigCommon determines the cell specific Uplink/Downlink TDD configuration.
TDD-UL-DL-ConfigCommon information element
-- 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

	TDD-UL-DL-ConfigCommon field descriptions

	referenceSubcarrierSpacing
Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific carriers, i.e., independent of the actual subcarrier spacing using for data transmission. 
Only the following values are applicable depending on the used frequency:
FR1:    15, 30, or 60 kHz
FR2-1:  60 or 120 kHz
FR2-2:  120, 480, or 960 kHz

The network configures a not larger than any SCS of configured BWPs for the serving cell. The network or SL-PreconfigGeneral configures a not larger than the SCS of (pre-)configured SL BWP.See TS 38.213 [13], clause 11.1.



	TDD-UL-DL-Pattern field descriptions

	dl-UL-TransmissionPeriodicity
Periodicity of the DL-UL pattern, see TS 38.213 [13], clause 11.1. If the dl-UL-TransmissionPeriodicity-v1530 is signalled, UE shall ignore the dl-UL-TransmissionPeriodicity (without suffix).

	nrofDownlinkSlots
Number of consecutive full DL slots at the beginning of each DL-UL pattern, see TS 38.213 [13], clause 11.1. In this release, the maximum value for this field is 80.

	nrofDownlinkSymbols
Number of consecutive DL symbols in the beginning of the slot following the last full DL slot (as derived from nrofDownlinkSlots). The value 0 indicates that there is no partial-downlink slot. (see TS 38.213 [13], clause 11.1).

	nrofUplinkSlots
Number of consecutive full UL slots at the end of each DL-UL pattern, see TS 38.213 [13], clause 11.1. In this release, the maximum value for this field is 80.

	nrofUplinkSymbols
Number of consecutive UL symbols in the end of the slot preceding the first full UL slot (as derived from nrofUplinkSlots). The value 0 indicates that there is no partial-uplink slot. (see TS 38.213 [13], clause 11.1).



[bookmark: _Toc60777411][bookmark: _Toc90651283]–	TDD-UL-DL-ConfigDedicated
The IE TDD-UL-DL-ConfigDedicated determines the UE-specific Uplink/Downlink TDD configuration.
TDD-UL-DL-ConfigDedicated information element
-- ASN1START
-- TAG-TDD-UL-DL-CONFIGDEDICATED-START

TDD-UL-DL-ConfigDedicated ::=       SEQUENCE {
    slotSpecificConfigurationsToAddModList      SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotConfig       OPTIONAL, -- Need N
    slotSpecificConfigurationsToReleaseList     SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotIndex        OPTIONAL, -- Need N
    ...
}

TDD-UL-DL-ConfigDedicated-IAB-MT-r16::=         SEQUENCE {
    slotSpecificConfigurationsToAddModList-IAB-MT-r16  SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotConfig-IAB-MT-r16      OPTIONAL, -- Need N
    slotSpecificConfigurationsToReleaseList-IAB-MT-r16 SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotIndex                  OPTIONAL, -- Need N
    ...
}

TDD-UL-DL-SlotConfig ::=            SEQUENCE {
    slotIndex                           TDD-UL-DL-SlotIndex,
    symbols                             CHOICE {
        allDownlink                         NULL,
        allUplink                           NULL,
        explicit                            SEQUENCE {
            nrofDownlinkSymbols                 INTEGER (1..maxNrofSymbols-1)                                   OPTIONAL, -- Need S
            nrofUplinkSymbols                   INTEGER (1..maxNrofSymbols-1)                                   OPTIONAL  -- Need S
        }
    }
}

TDD-UL-DL-SlotConfig-IAB-MT-r16::=    SEQUENCE {
    slotIndex-r16                           TDD-UL-DL-SlotIndex,
    symbols-IAB-MT-r16                      CHOICE {
        allDownlink-r16                         NULL,
        allUplink-r16                           NULL,
        explicit-r16                            SEQUENCE {
            nrofDownlinkSymbols-r16                 INTEGER (1..maxNrofSymbols-1)                               OPTIONAL, -- Need S
            nrofUplinkSymbols-r16                   INTEGER (1..maxNrofSymbols-1)                               OPTIONAL  -- Need S
        },
        explicit-IAB-MT-r16                     SEQUENCE {
            nrofDownlinkSymbols-r16                 INTEGER (1..maxNrofSymbols-1)                               OPTIONAL, -- Need S
            nrofUplinkSymbols-r16                   INTEGER (1..maxNrofSymbols-1)                               OPTIONAL  -- Need S
        }
    }
}

TDD-UL-DL-SlotIndex ::=             INTEGER (0..maxNrofSlots-1)

-- TAG-TDD-UL-DL-CONFIGDEDICATED-STOP
-- ASN1STOP

	TDD-UL-DL-ConfigDedicated field descriptions

	slotSpecificConfigurationsToAddModList
The slotSpecificConfigurationToAddModList allows overriding UL/DL allocations provided in tdd-UL-DL-configurationCommon, see TS 38.213 [13], clause 11.1. 



	TDD-UL-DL-ConfigDedicated-IAB-MT field descriptions

	slotSpecificConfigurationsToAddModList-IAB-MT
The slotSpecificConfigurationToAddModList-IAB-MT allows overriding UL/DL allocations provided in tdd-UL-DL-configurationCommon with a limitation that effectively only flexible symbols can be overwritten in Rel-16.

	slotSpecificConfigurationsToReleaseList-IAB-MT
The slotSpecificConfigurationsToReleaseList-IAB-MT allows release of a set of slot configuration previously add with slotSpecificConfigurationToAddModList-IAB-MT.



	TDD-UL-DL-SlotConfig field descriptions

	nrofDownlinkSymbols
Number of consecutive DL symbols in the beginning of the slot identified by slotIndex. If the field is absent the UE assumes that there are no leading DL symbols. (see TS 38.213 [13], clause 11.1).

	nrofUplinkSymbols
Number of consecutive UL symbols in the end of the slot identified by slotIndex. If the field is absent the UE assumes that there are no trailing UL symbols. (see TS 38.213 [13], clause 11.1).

	slotIndex
Identifies a slot within a slot configuration period given in tdd-UL-DL-configurationCommon, see TS 38.213 [13], clause 11.1.

	symbols
The direction (downlink or uplink) for the symbols in this slot. Value allDownlink indicates that all symbols in this slot are used for downlink; value allUplink indicates that all symbols in this slot are used for uplink; value explicit indicates explicitly how many symbols in the beginning and end of this slot are allocated to downlink and uplink, respectively.



	TDD-UL-DL-SlotConfig-IAB-MT field descriptions

	symbols-IAB-MT
The symbols-IAB-MT is used to configure an IAB-MT with the SlotConfig applicable for one serving cell. Value allDownlink indicates that all symbols in this slot are used for downlink; value allUplink indicates that all symbols in this slot are used for uplink; value explicit indicates explicitly how many symbols in the beginning and end of this slot are allocated to downlink and uplink, respectively; value explicit-IAB-MT indicates explicitly how many symbols in the beginning and end of this slot are allocated to uplink and downlink, respectively.



[bookmark: _Hlk100644208]maxNrofSymbols-1                        INTEGER ::= 13      -- Maximum index identifying a symbol within a slot (14 symbols, indexed from 0..13)
maxNrofSlots                             INTEGER ::= 320     -- Maximum number of slots in a 10 ms period
maxNrofSlots-1                          INTEGER ::= 319     -- Maximum number of slots in a 10 ms period minus 1

