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1 Introduction- RLC and PDCP Aspects
RAN2 started working on the Non Terrestrial Network (NTN) Work Item as part of Release 17 in August 2020 [1] [3].

RAN2 has held email discussions on RLC and PDCP aspects for the NTN as part of “[POST111e][909][NTN] RLC and PDCP aspects” [4]. This contribution summarizes Samsung’s observations and proposals to address the RLC and PDCP challenges for an NTN [2]. 
Here are the examples of RLC and PDCP related areas that need to be addressed.

A. RLC t-Reassembly Timer
B. RLC t-PollRetransmit, t-statusProhibit, and sequence numbers
C. PDCP discardTimer, t-ReorderingTimer, and sequence numbers
This contribution briefly discusses these areas and makes specific proposals to facilitate collaboration among contributing companies and help RAN2 make progress toward solutions. 
2  Discussion
We would like to offer some observations and related proposals below to facilitate the discussions toward normative RLC and PDCP specifications that are customized for an NTN. 
2.1 RLC t-Reassembly Timer 
There is a general agreement among the contributing companies to update the RLC t-Reassembly timer. 

Following 3 options were identified as part of potential solutions in [4].


We see the following disadvantages of options such as Option 1, 2, and 3 above.

1. Any option that includes a UE-specific delay or reflects the instantaneous UE-gNB round trip delay (UGRTD) in some manner would require the UE to keep re-calculating the timer value as the UGRTD keeps changing. This would increase the processing burden on the UE.

2. It is not feasible for the gNB to know the exact UGRTD used by the UE, and, hence the UE and the gNB are unlikely to have the same value of UGRTD, potentially complicating the gNB’s data transfer operations for the UE.

Hence, we suggest the following generic framework for RAN2’s consideration for timer values that can benefit from the range extension in the NTN. 
The actual timer value can be defined as Eq. (1) or Eq. (2) depending on the timer under consideration
NTN Timer Value= (minimum_NTN_delay + scaling factor*R16 timer value) 

Eq. (1) 
NTN Timer Value= (minimum_NTN_delay + R16 timer value)*scaling factor

Eq. (2) 

The parameter “minimum NTN delay” is the minimum expected round-trip-delay (including the propagation delays and processing delays). The parameter “scaling factor” is used to fine tune the overall delay relative to “minimum_NTN_delay.” The default value of “scaling_factor” is 1.0.  The parameter “minimum NTN delay” is a function of NTN Type (e.g., GEO vs. non-GEO) and is transmitted only if necessary (e.g., only if the default value is inadequate per gNB determination, which may be the case when one of the R16 parameter setting is adequate). Furthermore, the parameter “scaling_factor” is transmitted only if necessary (e.g., only if the default value of 1.0 is inadequate per gNB determination). 
More specifically, for t-ReassemblyTimer, we can use the following formula: 

NTN t-ReassemblyTimer= (minimum_NTN_delay + R16 t-ReassemblyTimer value)*scaling factor        Eq. (3)

 Here are the benefits of such framework.

A. This framework is reusable for various timers.
B. This framework enables reuse of existing R16 timers and provides a better time resolution for a given NTN type compared to the case when timer values are extended by adding new numerical values.
C. The framework is more efficient from signaling and processing perspectives. For example, there is no need to keep recalculating and updating t-ReassemblyTimer due to the ever-changing propagation delay for quasi-Earth-fixed beams and Earth-moving beams. 
D. This option enables both the gNB and the UE to know the exact timer value.

Observation 1. If the adjustment to t-Reassembly timer includes a UE-specific delay (or the current UE-gNB Round Trip Delay), the UE needs to do frequent processing to update t-Reassembly. Furthermore, the gNB would be unaware of the t-Reassembly timer value used by the UE.   

Proposal 1. We suggest that RAN2 consider a generic and simple framework for timers (including t-Reassembly) that can benefit from the range extension in an NTN: “NTN Timer Value= (minimum_NTN_delay + R16 timer value)*scaling factor,” where “minimum NTN delay” is the minimum expected UE-gNB round-trip-delay and “scaling factor” is used to fine tune the overall delay relative to “minimum_NTN_delay.” 
2.2 RLC t-PollRetransmit, t-statusProhibit, and sequence numbers
RAN2 has discussed the issue of any potential need to make adjustments to the RLC timers of t-PollRetransmit and t-statusProhibit and the RLC sequence number.

As we observed earlier in email discussions [4], as of Release 16, t-PollRetransmit supports the maximum value of 4 s and t-statusProhibit supports at least 2.4 s. These values are adequate in our view (and a majority company view) and hence there is no need to extend t-PollRetransmit and t-statusProhibit. Furthermore, the RLC sequence number can also be kept as is because it is adequate in almost all scenarios except the airplane connectivity case with the RLC SDU size of 500 bytes (highly unlikely in practice).

Observation 2. RAN2 has discussed a potential need to change RLC t-PollRetransmit, t-statusProhibit, and sequence numbers.
Proposal 2. We agree with the majority company view that there is no need to make changes to RLC t-PollRetransmit, t-statusProhibit, and sequence numbers for an NTN.

2.3 PDCP discardTimer, t-ReorderingTimer, and sequence numbers
As we observed earlier in email discussions [4], the PDCP discardTimer of 1500 ms is generally fine for an NTN. However, for GEOs and delay-tolerant services that can benefit from few HARQ and RLC retransmissions, 1500 ms may not be adequate. Hence, we suggest that RAN2 wait for SA2 to update QoS parameters (if any). 

If we need to extend the range of PDCP discardTimer based on SA2 requirements, we suggest the following generic framework for PDCP discardTimer (and RLC t-Reassembly): “NTN Timer Value=(minimum_NTN_delay + R16 timer value)*scaling factor.”  The applicability of this framework to PDCP discardTimer can be determined once SA2 completes its work on QoS.
The maximum value of 3 s would generally be adequate for t-Reordering timer. However, SA2 may update QoS parameters. Hence, we suggest that RAN2 wait for SA2 to update QoS parameters (if any). If we need to extend the range of PDCP t-Reordering based on SA2 requirements, we suggest the following generic framework for PDCP t-Reordering, PDCP discardTimer, and RLC t-Reassembly timers: “NTN Timer Value=(minimum_NTN_delay + R16 timer value)*scaling factor.”  
The PDCP sequence number, like the RLC sequence number, is adequate for an NTN.

Observation 3. The PDCP discardTimer and the PDCP t-reordering timer are adequate in the current QoS framework. If SA2 updates QoS parameters for an NTN, these parameters may need to be updated. The PDCP sequence number is adequate for an NTN. 
Proposal 3. Keep the PDCP sequence number as is and wait for SA2 to define any new QoS parameters for an NTN. If there is a need to update the PDCP discardTimer and the PDCP t-reordering timer per SA2 requirements, we suggest that RAN2 consider the generic and simple framework of “NTN Timer Value= (minimum_NTN_delay + R16 timer value)*scaling factor,” where “minimum NTN delay” is the minimum expected UE-gNB round-trip-delay and “scaling factor” is used to fine tune the overall delay relative to “minimum_NTN_delay.” 
3 Conclusion

We have summarized our RLC and PDCP proposals below.
Proposal 1. We suggest that RAN2 consider a generic and simple framework for timers (including t-Reassembly) that can benefit from the range extension in an NTN: “NTN Timer Value= (minimum_NTN_delay + R16 timer value)*scaling factor,” where “minimum NTN delay” is the minimum expected UE-gNB round-trip-delay and “scaling factor” is used to fine tune the overall delay relative to “minimum_NTN_delay.” 

Proposal 2. We agree with the majority company view that there is no need to make changes to RLC t-PollRetransmit, t-statusProhibit, and sequence numbers for an NTN.

Proposal 3. Keep the PDCP sequence number as is and wait for SA2 to define any new QoS parameters for an NTN. If there is a need to update the PDCP discardTimer and the PDCP t-reordering timer per SA2 requirements, we suggest that RAN2 consider the generic and simple framework of “NTN Timer Value= (minimum_NTN_delay + R16 timer value)*scaling factor,” where “minimum NTN delay” is the minimum expected UE-gNB round-trip-delay and “scaling factor” is used to fine tune the overall delay relative to “minimum_NTN_delay.” 
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Based on the Tdocs submitted in RAN2-111e, RLC t-Reassembly timer could be updated in different ways:


Option 1: Reuse the same formula of TR 38.821 using maximum RTD (common to all UEs), number of allowed HARQ retransmission attempts and offset to account for possible delays on UE and network side. This is mentioned in R2-2006640.


t-Reassembly = RTD * NHARQ-ReTx + scheduling_offset        (1)


Option 2: Modification of the formula, given in TR 38.821, according to R2-2006703, considering UE specific one way propagation delay from UE to gNB or vice versa, number of allowed HARQ retransmission attempts and scheduling offset per transmission.  


t-Reassembly = (2 * ntn-propagationDelay + schedulingOffset) ∙ nrofHARQ-Retransmissions   (2)


Option 3: Use a UE-specific offset for the start of t-Reassembly, as mentioned in R2-2006782.








