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Introduction
[bookmark: OLE_LINK7]In the Rel-16, NR specification has been enhanced to support TSN service in the WID of NR Industrial Internet of Things. In this meeting, a LS from SA2 about meeting very low latency requirement in TDD (and also FDD) has been received as follows [1]:
	1. Overall Description:

SA2 has agreed an objective in FS_5TRS_URLLC to study if there is a need for applications to adapt downstream scheduling in order for 5GS to meet really low latency (e.g. to meet a PDB of 2 msecs) 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. 

SA2 has also agreed that although the objective focus on downstream scheduling, any adaptation on upstream scheduling should not be precluded if similar enhancement as for downstream scheduling applies.

SA2 has discussed following problems for meeting very low latency PDBs:

Problem 1:
One potential problem considering low latency applications is that the arrive time of the packets may not fit well with the TDD cycle used in the network. RAN just receives the traffic flow periodicity and burst arrival times but cannot influence them. 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 (please see Figure 1). This creates additional delay (e.g. more buffering time) to the traffic flows. This can be an issue for QoS Flows requiring PDB 5 ms or lower. 
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Figure 1

Problem 2:
Some companies were of the opinion that a similar problem might exist with Frequency Division Duplexing (FDD) radio interface due to the use of configured grants or Semi Persistent Scheduling. 

Problem 3:
Another potential problem is that, the arrival times of different flows in the same RAN node are not coordinated currently and they can collide with each other. This will also create additional delay for those flows. In some cases, RAN may receive the traffic flow periodicity and burst arrival times but cannot influence them. In these cases RAN may need to reject admission of a QoS flow even though the flow could have been admitted with a slightly modified BAT or by changing the BAT of a different QoS flow.  In other cases, RAN may only receive traffic flow periodicity but not burst arrival time information (e.g., because 5GS and AF are not time synchronized). As a result, RAN may need to reject admission of a QoS flow even though the flow could have been admitted with a specific BAT. 

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. Actions:
To RAN2 group.
ACTION: 	SA2 asks RAN2 group to 
Take the above information into account to coordinate with SA2 to finish the study on this objective and kindly provide feedback for the above questions.


In this contribution, we will discuss the questions in this LS and give our proposals.
[bookmark: OLE_LINK4]Discussion
Question 1) “What are the possible values for the periodicity of the TDD cycle that RAN can support? This question is related to Problem 1”
In R16 IIoT work item, there is an objective to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Based on that, RAN2 has introduced finer granularity of periodicity for SPS and ConfiguredGrant. 
In R17, the SCS 480kHz and SCS 960kHz are further supported. The finer granularity of periodicity for SPS and ConfiguredGrant is also supported for SCS 480kHz and SCS 960kHz.  
The current periodicity for SPS and ConfiguredGrant are copied here for reference:
SPS-Config ::=          SEQUENCE{
//SKIP THE UNRELATED PART//
periodicityExt-r16              INTEGER (1..5120)      OPTIONAL,  -- Need R,
//SKIP THE UNRELATED PART//
periodicityExt-r17              INTEGER (1..40960)     OPTIONAL,  -- Need R
//SKIP THE UNRELATED PART// 
}
	SPS-Config field descriptions

	//SKIP THE UNRELATED PART//

	periodicityExt
This field is used to calculate the periodicity for DL SPS (see TS 38.214 [19] and see TS 38.321 [3], clause 5,8.1). If this field is present, the field periodicity is ignored.
The following periodicities are supported depending on the configured subcarrier spacing [ms]:
15 kHz:	periodicityExt, where periodicityExt has a value between 1 and 640.
30 kHz:	0.5 x periodicityExt, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP.	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
120 kHz:	0.125 x periodicityExt, where periodicityExt has a value between 1 and 5120.
480 kHz:	0.0625 x periodicityExt, where periodicityExt has a value between 1 and 20480.
960 kHz:	0.03125 x periodicityExt, where periodicityExt has a value between 1 and 40960.



ConfiguredGrantConfig ::=             SEQUENCE {
//SKIP THE UNRELATED PART//
periodicityExt-r16              INTEGER (1..5120)      OPTIONAL,  -- Need R,
//SKIP THE UNRELATED PART// 
periodicityExt-r17              INTEGER (1..40960)     OPTIONAL,  -- Need R   
//SKIP THE UNRELATED PART// 
}
	ConfiguredGrantConfig field descriptions

	//SKIP THE UNRELATED PART//

	periodicityExt
This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field periodicity is ignored.
The following periodicites are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 640.
30 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP:	periodicityExt*14, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	periodicityExt*12, where periodicityExt has a value between 1 and 2560.
120 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 5120.
480 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 20480.
960 kHz:                          periodicityExt*14, where periodicityExt has a value between 1 and 40960.



Based on the information above, it can be concluded that the granularity of periodicity for SPS and ConfiguredGrant depends on the SCS configuration, which does not differentiate FDD and TDD, e.g. 
For SCS 15kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 1ms.
For SCS 30kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.5ms.
For SCS 60kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.25ms.
For SCS 120kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.125ms.
For SCS 480kHz, the minimal granularity of periodicity for SPS is 0.0625ms; the minimal granularity of periodicity for ConfiguredGrant is 0.03125ms.
For SCS 960kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.03125ms; the minimal granularity of periodicity for ConfiguredGrant is 0.015625ms.
Observation 1: The minimal granularity of periodicity for SPS and ConfiguredGrant depends on the SCS configuration as follows: 
For SCS 15kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 1ms.
For SCS 30kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.5ms.
For SCS 60kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.25ms.
For SCS 120kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.125ms.
For SCS 480kHz, the minimal granularity of periodicity for SPS is 0.0625ms; the minimal granularity of periodicity for ConfiguredGrant is 0.03125ms.
For SCS 960kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.03125ms; the minimal granularity of periodicity for ConfiguredGrant is 0.015625ms.

For TDD, the configuration for SPS and ConfiguredGrant also depends on TDD-UL-DL symbols pattern configuration, e.g. the time domain configuration of SPS resource should be DL symbols, and the time domain configuration of ConfiguredGrant resource should be UL symbols. So it can easily be further thought of that, if a UL packet arrives at DL symbol, or a DL packet arrives at UL symbol, the SPS or ConfiguredGrant configuration would be delayed. This is related to the TDD cycle, see the discussion below.
Based on the following TDD-UL-DL-ConfigDedicated definition, it can be seen that the TDD-UL-DL symbols pattern can be configured per slot:
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-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
        }
    }
}

Thus, the minimal TDD cycle (e.g. TDD-UL-DL symbols pattern cycle) is one slot.
Based on the numerology in 3GPP specification (e.g. TS 38.211), the time length of minimal TDD cycle are as following: 
For SCS 15kHz, the length of one slot is 1ms;
For SCS 30kHz, the length of one slot is 0.5ms.
For SCS 60kHz, the length of one slot is 0.25ms.
For SCS 120kHz, the length of one slot is 0.125ms.
For SCS 480kHz, the length of one slot is 0.03125ms.
For SCS 960kHz, the length of one slot is 0.015625ms; 

Observation 2: The minimal TDD cycle (e.g. TDD-UL-DL symbols pattern cycle) is one slot, which depends on the SCS, as following:
For SCS 15kHz, the minimal TDD cycle is 1ms.
For SCS 30kHz, the minimal TDD cycle is 0.5ms.
For SCS 60kHz, the minimal TDD cycle is 0.25ms.
For SCS 120kHz, the minimal TDD cycle is 0.125ms.
For SCS 480kHz, the minimal TDD cycle is 0.03125ms.
For SCS 960kHz, the minimal TDD cycle is 0.015625ms.

Even usually SPS and ConfiguredGrant are used for Periodic deterministic and delay critical service, dynamically scheduling (e.g., in DL) can also be used for delay critical service whose delay would also be affected by TDD cycle. In summary, RAN2 can include the minimal granularity of periodicity for SPS and ConfiguredGrant and the minimal TDD cycle as answer to Question 1) in the reply LS.
Proposal 1: For the Question 1) “What are the possible values for the periodicity of the TDD cycle that RAN can support”, RAN2 includes Observation 1 and Observation 2 as answer in the reply LS.

Question 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.”
As mentioned in the discussion above, the granularity of periodicity for SPS and ConfiguredGrant depends on the SCS configuration, which does not differentiate FDD and TDD. Moreover, for full duplex FDD, UL transmission and DL reception can be performed simultaneously. For half duplex FDD, although UL transmission and DL reception cannot be performed simultaneously, it can be based on the gNB scheduling. 
Since there is no UL-DL symbols pattern issue in FDD, the SPS and ConfiguredGrant can be configured in any symbol at which the packet arrives. 
Thus, for FDD, only the granularity of periodicity for SPS and ConfiguredGrant would have impact on the service delay.
Proposal 2: For the Question 2) “Whether a similar issue existing in FDD scenario (i.e. Problem 2) as Problem 1”, RAN2 can include the following points in the reply:
· In FDD there is no the UL-DL symbols pattern issue, the SPS and ConfiguredGrant can be configured in any symbol at which the packet arrives;
· The granularity of periodicity for SPS and ConfiguredGrant is same for FDD and TDD which may have impact on the service delay.

Question 3) “Does RAN see any additional aspects that SA2 should consider for the study?” (for collision among different flows)
For the Problem 3 in the LS [1], since the burst arrive time is configured per QoS flow, RAN node will map the QoS flow to DRB and logical channel based on implementation. 
If the arrive time of multiple UL QoS flows collide with each other, RAN node can map them to the same logical channel, map them to the same ConfiguredGrant resource or dynamically schedule them in sequence. Furthermore, based on intra-UE prioritization, RAN node can flexibly deal with these service flows based on implementation. 
If the arrive time of multiple DL QoS flows collide with each other, RAN node can map them to the same logical channel, map them to the same SPS resource or dynamically schedule them in sequence. 
In the case that the arrive time of DL QoS flow and UL QoS flow collide with each other, since the configuration for SPS and ConfiguredGrant depends TDD-UL-DL symbols pattern configuration, if arrive time of DL QoS flow is UL symbol, it will be delayed to the next DL symbol; Or if the arrive time of UL QoS flow is DL symbol, it will be delayed to the next UL symbol.
Generally, RAN node would not reject a QoS flow when arrival time of multiple QoS collides with each other.
For the case that RAN may only receive traffic flow periodicity but no burst arrival time information (e.g., due to that 5GS and AF are not time synchronized), RAN can deduce the burst arrival time based on the user plane data arriving time, and will not reject the QoS flow.
Again, as mentioned above, if the arrival time does not match the radio resource pattern (e.g. TDD-UL-DL symbols pattern), i.e. the arrival time of DL QoS flow is UL symbol, or the arrival time of UL QoS flow is DL symbol, the transmission will be delayed. This might be bad for the service with very low latency requirement.
Moreover, if the service is with very low latency requirement but arrival time jitter is large, it will bring large challenge to RAN node. For these services, some enhancement may be needed, e.g. arrival time de-jitter in the CN, to try to make sure that the packets arrives at RAN node just before it can be sent over Uu interface.
Proposal 3: For the Question 3) “Does RAN see any additional aspects that SA2 should consider for the study”, RAN2 can include the following points in the reply: 
· If the arrival time of multiple UL QoS flows collide with each other, or the arrival time of multiple DL QoS flows collide with each other, RAN can deal with this by implementation.
· For the case that RAN may only receive traffic flow periodicity but no burst arrival time information (e.g., due to that 5GS and AF are not time synchronized), RAN can deduce the burst arrival time based on the user plane data arrival time, and will not reject the QoS flow.
· If the arrival time does not match the radio resource pattern (e.g. TDD-UL-DL symbols pattern), i.e. the arrival time of DL QoS flow is UL symbol, or the arrival time of UL QoS flow is DL symbol, the transmission will be delayed. 
· If the service is with very low latency requirement and the arrival time jitter is large, it will bring large challenge to RAN node. SA2 can consider further enhancement, e.g., de-jitter mechanism in CN to try to make sure that the packets arrives at RAN node just before it can be sent over Uu interface.

Based on the above discussion, the draft reply LS can be found in [2].
[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observations and proposals:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: The minimal granularity of periodicity for SPS and ConfiguredGrant depends on the SCS configuration as follows: 
For SCS 15kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 1ms.
For SCS 30kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.5ms.
For SCS 60kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.25ms.
For SCS 120kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.125ms.
For SCS 480kHz, the minimal granularity of periodicity for SPS is 0.0625ms; the minimal granularity of periodicity for ConfiguredGrant is 0.03125ms.
For SCS 960kHz, the minimal granularity of periodicity for SPS and ConfiguredGrant is 0.03125ms; the minimal granularity of periodicity for ConfiguredGrant is 0.015625ms.

Observation 2: The minimal TDD cycle (e.g. TDD-UL-DL symbols pattern cycle) is one slot, which depends on the SCS, as following:
For SCS 15kHz, the minimal TDD cycle is 1ms.
For SCS 30kHz, the minimal TDD cycle is 0.5ms.
For SCS 60kHz, the minimal TDD cycle is 0.25ms.
For SCS 120kHz, the minimal TDD cycle is 0.125ms.
For SCS 480kHz, the minimal TDD cycle is 0.03125ms.
For SCS 960kHz, the minimal TDD cycle is 0.015625ms.

Proposal 1: For the Question 1) “What are the possible values for the periodicity of the TDD cycle that RAN can support”, RAN2 includes Observation 1 and Observation 2 as answer in the reply LS.

Proposal 2: For the Question 2) “Whether a similar issue existing in FDD scenario (i.e. Problem 2) as Problem 1”, RAN2 can include the following points in the reply:
· In FDD there is no the UL-DL symbols pattern issue, the SPS and ConfiguredGrant can be configured in any symbol at which the packet arrives;
· The granularity of periodicity for SPS and ConfiguredGrant is same for FDD and TDD which may have impact on the service delay.

Proposal 3: For the Question 3) “Does RAN see any additional aspects that SA2 should consider for the study”, RAN2 can include the following points in the reply: 
· If the arrival time of multiple UL QoS flows collide with each other, or the arrival time of multiple DL QoS flows collide with each other, RAN can deal with this by implementation.
· For the case that RAN may only receive traffic flow periodicity but no burst arrival time information (e.g., due to that 5GS and AF are not time synchronized), RAN can deduce the burst arrival time based on the user plane data arrival time, and will not reject the QoS flow.
· If the arrival time does not match the radio resource pattern (e.g. TDD-UL-DL symbols pattern), i.e. the arrival time of DL QoS flow is UL symbol, or the arrival time of UL QoS flow is DL symbol, the transmission will be delayed. 
· If the service is with very low latency requirement and the arrival time jitter is large, it will bring large challenge to RAN node. SA2 can consider further enhancement, e.g., de-jitter mechanism in CN to try to make sure that the packets arrives at RAN node just before it can be sent over Uu interface.
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