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1. Introduction

In RAN#92 e-meeting, the WID of NB-IoT/eMTC support for Non-Terrestrial Networks has been approved [1]. The objective related to user plane is as below:
	All cellular IoT features specified up to Rel-16 are supported for IoT NTN unless problems are found.

Specify the following enhancements re-using NR_NTN_Solutions WI agreements as a baseline, according to Section 8 in TR 36.763:

-
User Plane:

-
Enhancements to ra-ResponseWindowSize, mac-ContentionResolutionTimer, HARQ RTT timer, UL HARQ RTT timer, and sr-ProhibitTimer. 

-
Enhancements to RLC t-Reordering timer. 

-
Others:

-
Provisioning of ephemeris


In this contribution, we will discuss the user plane impact of IoT over NTN and give our proposals. 
2. Discussion

2.1. Enhancement to RACH timers

In the IoT NTN TR [2], it has been agreed to introduce an offset to delay the start of the ra-ResponseWindowSize and mac-ContentionResolutionTimer for IoT NTN.
Considering that the offset to delay the start of the ra-ResponseWindowSize and mac-ContentionResolutionTimer mainly depend on RAN1 conclusion which may follows the NR NTN solution, and NR NTN has not detailed conclusion yet for this issue (e.g. the usage, the value range, RTT estimation accuracy etc.), to specify the exact value for this offset can be postponed until there are detailed agreements in RAN1.
Proposal 1: For enhancements to ra-ResponseWindowSize and mac-ContentionResolutionTimer, RAN2 should wait until further agreements regarding RACH timers are made in RAN1.
2.2. Enhancement to HARQ timers

In NR NTN, there are the following agreements related to HARQ timers:
	Agreements:

1. The following options are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer set to zero and/or 3) Timer disabled (i.e. not started). FFS if this is based on explicit configuration or not. We can also come back to see whether both 2 and 3 are needed.

Agreements via email (from offline 103):

1. RAN2 working assumption: Offset for drx-HARQ-RTT-TimerUL is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it).


In the IoT NTN SI stage, most companies in RAN2 think the HARQ feedback disabling is not necessary for IoT NTN. In the IoT NTN TR [2], it is also described that “It was concluded that from a physical layer perspective, there is no consensus on disabling HARQ feedback for NTN IoT in Rel-17”. Since disabling HARQ feedback is not supported for IoT NTN, the above option 3) Timer disabled (i.e. not started) is not suitable for IoT NTN.

Once the HARQ RTT timer and/or UL HARQ RTT timer are used, the NTN RTT (e.g. UE-eNB RTT) cannot be negligible. Following the NR NTN agreement that "For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e. existing values within value range increased by offset). RAN2 working assumption: offset is equal to UE-gNB RTT", we can consider the following two alternations to increase the HARQ RTT timer and/or UL HARQ RTT timer by an offset for IoT NTN:

· Alt 1: postpone the start of HARQ RTT timer and/or UL HARQ RTT timer with an offset (e.g., UE-eNB RTT).
· Alt 2: add an offset (e.g., UE-eNB RTT) value to the time length of the HARQ RTT timer and/or UL HARQ RTT timer.

Since the time length of the HARQ RTT timer and/or UL HARQ RTT timer are defined with valid subframes, if Alt 2 is used, the offset (UE-eNB RTT) value also needs to be countered with valid subframes. But if Alt 1 is used, the offset (UE-eNB RTT) will usually be a subframes number (e.g. including the invalid subframes). Considering that during the offset (UE-eNB RTT), transmission and/or reception will not performed, it does not matter whether the subframes are valid or invalid. So, we suggest to use Alt 1 to extend the HARQ RTT timer and/or UL HARQ RTT timer.
Proposal 2: To postpone the start of HARQ RTT timer and/or UL HARQ RTT timer with an offset (e.g. UE-eNB RTT) for IoT NTN.
2.3. Enhancement to sr-ProhibitTimer
In eMTC, the value range of sr-ProhibitTimer is as follows:

	Value Range 
	Field description

	INTEGER (0..7)
	sr-ProhibitTimer

Timer for SR transmission on PUCCH in TS 36.321 [6]. Value in number of SR period(s) of shortest SR period of any serving cell with PUCCH. Value 0 means that behaviour as specified in 7.3.2 applies. Value 1 corresponds to one SR period, Value 2 corresponds to 2*SR periods and so on. SR period is defined in TS 36.213 [23], table 10.1.5-1.


And the value range of SR period is as follows:

	Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration for subframe-SR

SR configuration Index
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Thus, when the shortest SR period is 1ms, the maximal value of sr-ProhibitTimer is 7ms, which is much less than the RTT of GEO (e.g. about 541ms). Since the sr-ProhibitTimer is used to avoid UE frequently sending SR, such too small sr-ProhibitTimer (compared with transmission RTT) cannot take the expected effect in IoT NTN, and therefore needs to be extended. 

The following aspects should be taken into account when we consider the exact way to extend the sr-ProhibitTimer:

A. After UE sends SR, it cannot decide whether the eNB receives it until it receives the BSR. Thus, the time duration of the sr-ProhibitTimer should be at least equal to or larger than the UE-eNB RTT (e.g. for LEO, the time duration of the sr-ProhibitTimer should be at least equal to or larger than 4ms, and for GEO, the time duration of the sr-ProhibitTimer should be at least equal to or larger than 541ms). That means the minimal time duration of the sr-ProhibitTimer should equal to or larger than the UE-eNB RTT.
B. When eNB receives the SR, it may postpone UL grant scheduling for BSR due to the NW resource congestion. In TN network, the eNB can postpone the scheduling at most 7 SR period (e.g. sr-ProhibitTimer is configured to the largest value of 7). If only considering that eNB postpones the UL grant scheduling for BSR, then the maximal time duration of the sr-ProhibitTimer should be UE-eNB RTT + 7 * SR period, wherein the 7 * SR period means the maximal sr-ProhibitTimer value in TN network.
C. When eNB receives the SR and sends the UL grant scheduling for BSR, the UL grant scheduling for BSR to UE may be lost or the BSR to eNB may be lost, in which case eNB can resend the UL grant scheduling for BSR. If this case is considered and SR should be avoided during the possible multiple UL grant scheduling for BSR, the maximal time duration of the sr-ProhibitTimer should be multiple UE-eNB RTT. 
To evaluate the maximal value of sr-ProhibitTimer, the worst BSR delay should be considered. That means the case C) should be considered. Considering that in TN network, at most 7 SR period can be set for the sr-ProhibitTimer, it is suggest that at most 7 BSR retransmission is considered,  
To extend the sr-ProhibitTimer, according to the definition of sr-ProhibitTimer, one method is to extend the value range of SR periodicity, another method is to extend the value range of sr-ProhibitTimer. Considering that extending the value range of SR periodicity may impact the RAN1 specification much (e.g. new DCI definition is necessary), we suggest to extend the value range of sr-ProhibitTimer.
Thus, the maximal value of sr-ProhibitTimer should be 7 times of the UE-eNB RTT. For the LEO NTN, extending the value of sr-ProhibitTimer for eMTC to 32 (i.e., 4ms*7=28, and ceiling to a value with 2^n=32. Here 4ms is the minimum value for RTT, e.g., in LEO), e.g. the maximal sr-ProhibitTimer value for eMTC over LEO can be 32. For the GEO NTN, extending the value of sr-ProhibitTimer for eMTC to 4096 (i.e., 541*7=3787, and ceiling to a value with 2^n=4096. Here 541ms is the maximum value for RTT, e.g., in GEO), e.g. the maximal sr-ProhibitTimer value for eMTC over GEO can be 4096. Here the unit still can be the SR period(s), as legacy.
Based on the analysis above, the value range of sr-ProhibitTimer for eMTC over LEO should be INTEGER (4...32), and the value range of sr-ProhibitTimer for eMTC over GEO should be INTEGER (541...4096). For simplicity, the value range of sr-ProhibitTimer can be merged and mainly extended to at most 4096, which does not differentiate LEO case and GEO case. The network implementation can provide suitable configured value based on the deployment. 
Proposal 3a: The sr-ProhibitTimer value range for eMTC over NTN is extended with INTEGER (8...4096).
In NB-IoT, the value range of sr-ProhibitTimer is as follows:

	Value Range 
	Field description

	INTEGER (0..7)
	sr-ProhibitTimer

Timer for SR transmission on the NPRACH resource for SR in TS 36.321 [6]. Value in number of SR period, where the SR period is equal to the field nprach-Periodicity of the NPRACH resource.


It can be seen the real unit is nprach-Periodicity. And the value range of nprach-Periodicity is as follows:
	NPRACH-Parameters-NB-r13::=


SEQUENCE {


nprach-Periodicity-r13




ENUMERATED {ms40, ms80, ms160, ms240,














ms320, ms640, ms1280, ms2560},


//OMIT THE UNRELATED PART//


Thus, when the nprach-Periodicity is set to 40ms, the maximal value of sr-ProhibitTimer will be 280ms, which is also less than the RTT of GEO (e.g. about 541ms) and need to be extended. 

With the same consideration as that for eMTC, with the nprach-Periodicity of 40ms, the maximal sr-ProhibitTimer value for NB-IoT can be 128 (i.e., 541ms*7/40ms=94.675, and ceiling a value with 2^n =128).

Proposal 3b: The sr-ProhibitTimer value range for NB-IoT over NTN is extended with INTEGER (8...128).

2.4. Enhancement to RLC timer

The value range of RLC t-Reordering timer is as follows:
	T-Reordering ::=




ENUMERATED {











ms0, ms5, ms10, ms15, ms20, ms25, ms30, ms35,











ms40, ms45, ms50, ms55, ms60, ms65, ms70,











ms75, ms80, ms85, ms90, ms95, ms100, ms110,











ms120, ms130, ms140, ms150, ms160, ms170,











ms180, ms190, ms200, ms1600-v1310}


Considering the large RTT of GEO (e.g. about 541ms), the DL data PDU will be less than that in TN in a certain period. To avoid unnecessary PDU re-ordering and re-transmission, the value range of RLC t-Reordering timer should be extended. 
Comparing with the largest PDU transmission interval of eMTC (e.g. r256 is set to mpdcch-NumRepetition, and n128 is set to pucch-NumRepetitionCE), the large RTT of GEO (e.g. about 541ms) only increase the PDU transmission interval by 2 times. So the maximal value of RLC t-Reordering timer should only be enlarged by 2 times, e.g. the extended RLC t-Reordering timer value can be ENUMERATED (ms3200, ms6400).

Considering that the largest PDU transmission interval of NB-IoT (e.g. the largest value of npdcch-NumRepetitions is r2048) is larger than that of eMTC, the value of RLC t-Reordering timer defined for eMTC is enough for NB-IoT.

Proposal 4: The RLC t-Reordering timer value is extended with ENUMERATED (ms3200, ms6400) for IoT NTN.

2.5. Enhancement to PDCP timer

It is described in the IoT NTN TR [2] that “PDCP discardTimer enhancements can be considered during the Work Item phase provided the impact to the Technical Specifications is minimal”. 
The current value range of discardTimer is as follows:

	discardTimer
	eMTC：

ENUMERATED {ms50, ms100, ms150, ms300, ms500, ms750, ms1500, infinity}

NB-IoT：

ENUMERATED { ms5120, ms10240, ms20480, ms40960, ms81920, infinity, spare2, spare1}


Similar as that for RLC t-Reordering timer, the PDCP discardTimer for eMTC should also be enlarged by 2 times, e.g. the extended PDCP discardTimer for eMTC can be ENUMERATED (ms3000, ms6000).

Considering that the PDCP discardTimer for NB-IoT is already large enough, it is not necessary to be extended any more.

Proposal 5: The PDCP discardTimer for eMTC is extended with ENUMERATED (ms3000, ms6000), and the PDCP discardTimer for NB-IoT is not extended.

3. Conclusions

In this contribution, we make the following observations and proposal:

Proposal 1: For enhancements to ra-ResponseWindowSize and mac-ContentionResolutionTimer, RAN2 should wait until further agreements regarding RACH timers are made in RAN1.
Proposal 2: To postpone the start of HARQ RTT timer and/or UL HARQ RTT timer with an offset (e.g. UE-eNB RTT) for IoT NTN.
Proposal 3a: The sr-ProhibitTimer value range for eMTC over NTN is extended with INTEGER (8...4096).

Proposal 3b: The sr-ProhibitTimer value range for NB-IoT over NTN is extended with INTEGER (8...128).

Proposal 4: The RLC t-Reordering timer value is extended with ENUMERATED (ms3200, ms6400) for IoT NTN.

Proposal 5: The PDCP discardTimer for eMTC is extended with ENUMERATED (ms3000, ms6000), and the PDCP discardTimer for NB-IoT is not extended.
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