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1	Introduction
In this contribution we discuss and provide our view on the LS issued from the SA2 working group to RAN2 in R2-2203930/S2-2201767 on low latency. Considering the deadline for the SA2 FS_5TRS_URLLC Study Item is Sep. 2022, it is good to send response from this meeting to allow time for further discussion in SA2 in Aug.
2	Discussion
The ongoing FS_5TRS_URLLC Rel-18 Study Item [SP-211634] in SA2 is investigating whether there is a benefit (e.g. in terms of latency) if external applications can adapt traffic generation timing in order for the 5GS to meet really low latency requirement, e.g. by taking into account TDD DL/UL transmission time slots in the RAN. One of the main objectives is therefore to understand if there is need to have feedback from RAN for this purpose.
Specifically, the following questions are asked in the LS S2-2201767 which are discussed in the following subsections (for convenience, Problem 1, 2 and 3 are included in the Appendix of this contribution): 
	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
The NR TDD configuration framework has a hierarchical structure consisting of, first, cell-specific TDD pattern provided via RRC/SIB signaling (TDD-UL-DL-ConfigCommon); second, UE specific TDD pattern via RRC signalling in TDD-UL-DL-ConfigDedicated and, third, dynamic (lower-layer) indication provided via a DCI scheduling an UL or DL transmission or providing Slot Format Indication (SFI) for one or multiple radio slots. Each of these signalling messages allows to indicate whether a symbol is either UL, DL or flexible, and only those symbols defined as ‘flexible’ may be later overridden to be either UL or DL following the specified signalling hierarchy. 
As per TDD-UL-DL-ConfigCommon (TS 38.331), the possible periodicities for the TDD cycle are 0.5 ms, 0.625 ms, 1 ms, 1.25 ms, 2 ms, 2.5 ms, 5 ms, or 10 ms. In addition, two independent TDD patterns can be concatenated, allowing the resulting TDD cycle duration to be up to 20 ms. However, note that this simply defines the start and end of a sequence of DL-flexible-UL symbols (in that specific order) and, by defining majority of the symbols as flexible, it is possible to have multiple switching points between DL and UL within the TDD cycle. Figure 1 shows an example TDD cycle configuration composed of 4 radio slots (2 ms duration for a configuration with 30 kHz SCS), where the flexible symbols are overridden via e.g. TDD-UL-DL-ConfigDedicated or via DCI signalling resulting in 4 DL-UL switching points within the 2 ms cycle.
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[bookmark: _Ref98498101]Figure 1: Example of TDD configuration provided via TDD-UL-DL-ConfigCommon vs actual usage as indicated via TDD-UL-DL-ConfigDedicated or DCI.
Note that other options with more than one DL-UL switching points within a 14-symbol slot are also possible, e.g. DDGUUUUDDFUUUU. In practice, it is not the functional specifications that put limits to the UL/DL adaptation, but the interference practicalities, including coexistence issues with neighbouring cells (in case different TDD configurations employed) and other networks deployed on adjacent spectrum. For public macro network deployments using FR1 TDD spectrum with 30 kHz subcarrier spacing, TDD cycles with 5ms or 2.5 ms periodicity are typically used, e.g. DDDSUUDDDD or DDDSU (where ‘D’, ‘U’ and ‘S’ is a downlink, uplink and special slot with both DL and UL symbols, respectively) of which the pattern with 5 ms periodicity is typically used to facilitate coexistence with legacy LTE TDD deployments. Related to Problem 1, for these examples with relatively long TDD cycle and single switching point from DL to UL, incoming DL packets arriving to the gNB via N3 interface will experience buffering (i.e. resulting in increased delay) if their time of arrival is not aligned with the DL transmission opportunities of the TDD subframe. These practical TDD cycle configurations for coexistence should be pointed out to SA2 as well in addition to what is supported by current signaling.
2.2	Question 2 on FDD scenario
In FDD it is possible to have DL and UL transmissions simultaneously, therefore the problem related to TDD buffering times described in Problem 1 does not apply here. Depending on the scheduling strategy applied at the gNB, the latency experienced by packets of a certain QoS Flow may vary e.g., depending on their alignment with potential periodic semi-persistent scheduling (SPS) assignments (for DL traffic) or configured grants (for UL traffic), but also DRX ON-OFF patterns applied at the UE, and/or the configured scheduling request periodicities. However, contrary to Problem 1 related to TDD, most of these components are under gNB control and can be freely adjusted with dynamic grant to meet certain latency constraints in case there is no capacity/congestion issue in the cell. 
2.3	Question 3 on additional aspects
As RAN does not have time to do further investigation so far, we can reply none for now.
4	Conclusion
In this contribution we have discussed and provided our view on the LS issued from the SA2 working group to RAN2 in R2-2203930/S2-2201767. Our proposed response to the three questions in the LS is as follows:
	1) What are the possible values for the periodicity of the TDD cycle that RAN can support? This question is related to Problem 1.

The RAN specifications do not put any limit to the UL/DL adaptation, e.g. DL or UL intervals as short as 1 – 4 OFDM symbols are possible. In practice, the UL/DL adaptation and switching rate are determined by interference practicalities, especially coexistence issues with neighbouring cells and/or other networks deploy on adjacent spectrum. 
For public macro network deployments using FR1 TDD spectrum with 30 kHz subcarrier spacing, TDD cycles with 5 ms or 2.5 ms periodicity are typically used, e.g. DDDSUUDDDD or DDDSU (where ‘D’, ‘U’ and ‘S’ is a downlink, uplink and special slot with both DL and UL symbols, respectively, of 0.5 ms duration) to ensure coexistence with other networks deployed on adjacent carrier frequencies. Related to Problem 1 in the LS, for these configurations with long TDD cycle and single switching point from DL to UL, incoming DL packets arriving to the gNB via N3 interface will experience buffering (i.e. resulting in increased delay) if their time of arrival is not aligned with the DL transmission opportunities of the TDD subframe.

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.

Depending on the scheduling strategy applied at the gNB, the latency experienced by packets of a certain QoS Flow may vary e.g. due to the periodicity of semi-persistent scheduling (SPS) in DL or configured grants (CG) in UL (if SPS/CG is used), DRX ON-OFF patterns, the configured scheduling request periodicities, and so on. However, contrary to Problem 1 related to TDD, most of these components are under gNB control and can be freely adjusted with dynamic grant in accordance with the latency constraint in case no capacity/congestion issue in the cell. 

3) Does RAN see any additional aspects that SA2 should consider for the study?
None as RAN does not have time to do further investigation so far.




5	Appendix: Problem descriptions in LS S2-2201767

	
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. 
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