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1. Introduction

In RAN2#116e meeting, user plane impact for NB-IoT/eMTC support for NTN was discussed, and the following agreements have been made.

	· The estimate of UE-eNB RTT is equal to the sum of UE’s TA and K_mac, where the UE’s TA is given by [image: image2.png]


, and K_mac value is broadcasted by network.

· RAN2 confirm that the start of mac-ContentionResolutionTimer is delayed by UE-eNB RTT in IoT NTN.

· Any enhancements on (N)PRACH resource selection in IoT NTN will not be pursued in Rel-17.

· An offset equal to UE-eNB RTT is added to the formula used for calculating the (UL) HARQ RTT timer in IoT NTN.

· Support UE-specific TA reporting using MAC CE in Msg3/Msg5 for IoT NTN.

· For IoT NTN, UE specific TA reporting during RACH procedure (MSG3/MSG5) in RRC IDLE is enabled/disabled by SI, similar with NR NTN.
· Support TA reporting in RRC connected mode in IoT NTN.

· UE-specific TA report uses MAC CE.

· Support event-triggered for TA reporting in connected mode. Wait for NR NTN agreements for other triggers.

· On how to extend RLC t-Reordering in IoT NTN, wait for NR NTN agreements and see if they can be reused.

· Don’t change the L2 buffer requirement for IoT NTN (assume the network may need to limit the bit rate in order to not exceed L2 buffer).

· The PDCP discardTimer should be extended to support eMTC over NTN.

· If PDCP discardTimer is agreed to be extended to support eMTC over NTN, how to extend the timer value can wait for the conclusion for RLC t-reordering timer.

· The ra window start offset is defined as sum (current offset, UE-eNB RTT) and current offset is defined in TS36.321 (FFS if applicable to NB-IoT 41ms offset)


In this contribution, we further discuss left open issues on UP for IoT over NTN and provide our views.
2. Discussion 
offset for start of ra-ResponseWindow 
In NTN, due to the large propagation delay, after sending Msg1, UE could not receive Msg2 until a time interval of RTT has passed. In Rel-17 NR NTN WI, RAN1 has made the agreement that the start of ra-ResponseWindow is delayed by an estimate of UE-gNB RTT.
Unlike NR, for NB-IoT and eMTC, there is already an offset for the start of ra-ResponseWindow. For eMTC, the offset is fixed to 3 subframes, while for NB-IoT, the offset can be either 4 subframes or 41 subframes, depending on the NPRACH transmission duration, as defined in the table below.

Table 1: Subframes between preamble transmission and RA Response Window in NB-IoT

	TDD/FDD mode
	Preamble format
	Number of NPRACH repetitions
	X 

	FDD
	0 or 1
	>= 64
	41

	FDD
	0 or 1
	< 64
	4

	FDD
	2
	>= 16
	41

	FDD
	2
	< 16
	4

	TDD
	Any
	Any
	4


For NB-IoT and eMTC in NTN, for the purpose of UE power saving, this offset value should be no shorter than UE-eNB RTT, if UE could derive UE-eNB RTT based on its GNSS capability. 
According to TR36.763, the following IoT NTN scenarios would be considered in R17 IoT NTN.


Table 2: IoT NTN reference scenarios

	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C

	MEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 10000 km)
	Scenario D


The UE-eNB RTT for different IoT NTN scenarios are given in the following table.

Table 3: UE-eNB RTT in IoT NTN scenarios

	Scenarios
	Maximum UE-eNB RTT
	Minimum UE-eNB RTT

	GEO 

(Scenario A)
	541.46ms
	520.86

	LEO with satellite altitude of 600 km

(Scenario B&C)
	19.53ms
	25.77 ms

	LEO with satellite altitude of 1200 km

(Scenario B&C)
	35.41ms
	41.77ms

	MEO

(Scenario D)
	160.1 ms
	186.9 ms


In RAN2#116e meeting, RAN2 discussed how to determine the offset value for the start of the ra-ResponseWindow and made the following agreement:

	· The ra window start offset is defined as sum (current offset, UE-eNB RTT) and current offset is defined in TS36.321 (FFS if applicable to NB-IoT 41ms offset)


For the case of current offset with 41ms, there are the following possible ways to define the offset value. 
· Option 1: The offset is defined as sum (current offset, UE-eNB RTT) (i.e. same as other cases) 

· Option 2: The offset is defined as max (current offset, UE-eNB RTT)
Option 1 is simple and straightforward, but the long offset value would lead to larger RACH delay compared to Option 2.

During the offline discussion in RAN2#116e meeting, some companies pointed out that with option 1, NW may not know when UE starts ra-ResponseWindow to monitor PDCCH, since NW is not aware of UE-eNB RTT. In our understanding, with option 2:

· If UE-eNB RTT is longer than the current offset value, the offset value is determined as UE-eNB RTT. In this case, NW does not need to know UE-eNB RTT, since UE would never receive PDCCH for RAR until UE-eNB RTT has passed after sending preamble.

· If UE-eNB RTT is shorter than the current offset value, the offset value is determined as the current offset value. In this case, after receiving preamble, NW needs to estimate how long it should wait at least to send PDCCH for RAR based on the difference between current offset value and UE-eNB RTT, to avoid UE from missing RAR. However, NW may have no knowledge of the exact UE-specific UE-eNB RTT. So it may be difficult to align the RAR occasion between UE and NW.
Considering that in GEO and MEO scenarios, UE-eNB RTT is always longer than 41ms, while in LEO scenario, UE-eNB RTT may be longer or shorter than 41ms, we think a compromised solution would be that for the case of current offset with 41ms, the offset is defined as: max (current offset, UE-eNB RTT), which is actually equal to UE-eNB RTT, in GEO and MEO scenarios, and is defined as sum (current offset, UE-eNB RTT) in LEO scenario.
Observation 1 Defining the ra-ResponseWindow start offset as sum (current offset, UE-eNB RTT) is simple and straightforward, but would lead to larger RACH delay.
Observation 2 If UE-eNB RTT is longer than the current offset value, defining the ra-ResponseWindow start offset as max (current offset, UE-eNB RTT) is feasible from both UE and NW perspective.
Observation 3 If UE-eNB RTT is shorter than the current offset value, it may be difficult to align the RAR occasion between UE and NW if ra-ResponseWindow start offset is defined as max (current offset, UE-eNB RTT).
Proposal 1 In NB-IoT over NTN, for the case of current offset with 41ms, the ra-ResponseWindow start offset is defined as max (current offset, UE-eNB RTT) in GEO and MEO scenarios, and is defined as sum (current offset, UE-eNB RTT) in LEO scenario.
TA reporting 

In RAN2#116e meeting, the following agreements have been made regarding TA reporting in IoT NTN.
· Support UE-specific TA reporting using MAC CE in Msg3/Msg5 for IoT NTN.

· For IoT NTN, UE specific TA reporting during RACH procedure (MSG3/MSG5) in RRC IDLE is enabled/disabled by SI, similar with NR NTN.
· Support TA reporting in RRC connected mode in IoT NTN.

· UE-specific TA report uses MAC CE.

· Support event-triggered for TA reporting in connected mode. Wait for NR NTN agreements for other triggers.

In NR NTN, RAN2 has agreed that a TA offset threshold is used for event-triggered TA reporting, if the difference between current information about UE specific TA and the last successfully reported information about UE specific TA is larger than the TA offset threshold, UE will trigger a TA report. We think this trigger event for TA reporting can be reused in IoT NTN.
Proposal 2 Reuse the TA reporting trigger event defined for NR NTN in IoT NTN.

Based on the event triggered TA reporting, UE needs to evaluate the difference between the current UE’s TA and the last successfully reported UE’s TA to determine whether to trigger a TA reporting. A question is how UE trigger the first TA reporting if the UE has never reported TA before. We think a simple way is that UE triggers a TA reporting upon reception of configuration or reconfiguration for UE-specific TA reporting function and if UE has not reported TA before.
Proposal 3 Upon reception of configuration or reconfiguration for UE-specific TA reporting function, if UE has not reported TA before, the UE triggers a TA reporting.

Since RAN2 has agreed to use MAC CE for TA report, the next issue we need to address is how to define the logical channel priority of TA report MAC CE. Based on TS36.321, the current logical channel priority is given as below.
	For the Logical Channel Prioritization procedure, the MAC entity shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for DPR;

-
MAC control element for SPS confirmation;

-
MAC control element for AUL confirmation;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;

-
MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;

-
MAC control element for DCQR and AS RAI, with exception of when DCQR is to be included in Msg3;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for DCQR and AS RAI, when DCQR is to be included in Msg3;

-
MAC control element for Recommended bit rate query;

-
MAC control element for BSR included for padding;

-
MAC control element for Sidelink BSR included for padding.


In our view, TA report should not affect the legacy RACH procedure, so priority of TA report MAC CE should be lower than that of C-RNTI MAC CE or data from UL-CCCH. In addition, it should be prioritized over BSR MAC CE. The details can be discussed further.

Proposal 4 Logical channel priority of the TA report MAC CE is lower than C-RNTI MAC CE or data from UL-CCCH and higher than MAC control element for BSR. 
For TA reporting using MAC CE, if a UE has triggered TA reporting, but there is no available UL-SCH resources for a new transmission, or if the UL-SCH resources cannot accommodate the TA report MAC CE plus its subheader as a result of LCP, the UE cannot report TA. 

The motivation of TA reporting is to assist network to configure the UE with a proper UE-specific K_offset. For example, if the UE specific TA has increased very close to the configured K_offset value, the UE needs to inform network so that network can re-configure the UE-specific K_offset with a larger value. If the UE cannot report TA, it may lead to UL scheduling failure in case the UE-specific TA exceeds the UE-specific K_offset. In our view, for a UE who triggers TA report, and if there is no UL-SCH resources to accommodate TA report MAC CE, the UE should trigger SR. 

Observation 4 If a UE triggers TA reporting but cannot report TA due to no available UL-SCH resources, it may lead to UL scheduling failure in case the UE-specific TA exceeds the UE-specific K_offset.
Proposal 5 SR can be triggered if TA reporting has been triggered but there is no available UL-SCH resources, or if the UL-SCH resources cannot accommodate the TA report MAC CE plus its subheader as a result of LCP.
UE-specific K offset configuration 
In NR NTN WI, RAN1 discussed how to configure UE-specific K_offset, and has reached the following agreements.

RAN1#106e:

	Agreement: 

· The UE-specific K_offset can be provided and updated by network with MAC CE.


RAN1#107e:

	Agreement

For determining UE specific K_offset 

· Option 2: MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the cell specific K_offset value minus the differential UE specific K_offset value.

· FFS: whether/how to resolve ambiguity of which cell-specific K_offset value to use during the SIB modification period

Agreement
The value range of the differential UE specific K_offset provided in MAC CE is 0 – 63 ms.


In IoT NTN WI, the following agreements have been made regarding UE specific K offset in RAN1#107e meeting.
	Agreement
For IoT NTN, the UE specific K_offset is provided and updated by the network using MAC CE.

Agreement
For IoT NTN, adopt the NR NTN agreement without modification for FR1: (a) the value range (i.e. 1 ms), (b) the quantity signalled (e.g. a differential UE specific K_offset) for the UE specific K_offset.




Based on the agreements above, MAC CE is used for UE-specific K_offset configuration in IoT NTN. It should be RAN2 to design the new K_offset MAC CE. Since RAN1 has agreed that the value range of the differential UE specific K_offset provided in MAC CE is 0 – 63 ms, with 1ms step size, 6 bits are needed for the UE specific K_offset configuration. So the size of new K_offset MAC CE can be fixed to 1 byte。

Proposal 6 The size of K_offset MAC CE is fixed to 1 byte.
3. Conclusion
Based on the discussion we make the following observation:

Observation 5 Defining the ra-ResponseWindow start offset as sum (current offset, UE-eNB RTT) is simple and straightforward, but would lead to larger RACH delay.
Observation 6 If UE-eNB RTT is longer than the current offset value, defining the ra-ResponseWindow start offset as max (current offset, UE-eNB RTT) is feasible from both UE and NW perspective.
Observation 7 If UE-eNB RTT is shorter than the current offset value, it may be difficult to align the RAR occasion between UE and NW if ra-ResponseWindow start offset is defined as max (current offset, UE-eNB RTT).
Observation 8 If a UE triggers TA reporting but cannot report TA due to no available UL-SCH resources, it may lead to UL scheduling failure in case the UE-specific TA exceeds the UE-specific K_offset.
And we give the following proposals:

Proposal 1 In NB-IoT over NTN, for the case of current offset with 41ms, the ra-ResponseWindow start offset is defined as max (current offset, UE-eNB RTT) in GEO and MEO scenarios, and is defined as sum (current offset, UE-eNB RTT) in LEO scenario.
Proposal 2 Reuse the TA reporting trigger event defined for NR NTN in IoT NTN.

Proposal 3 Upon reception of configuration or reconfiguration for UE-specific TA reporting function, if UE has not reported TA before, the UE triggers a TA reporting.

Proposal 4 Logical channel priority of the TA report MAC CE is lower than C-RNTI MAC CE or data from UL-CCCH and higher than MAC control element for BSR. 
Proposal 5 SR can be triggered if TA reporting has been triggered but there is no available UL-SCH resources, or if the UL-SCH resources cannot accommodate the TA report MAC CE plus its subheader as a result of LCP.
Proposal 6 The size of K_offset MAC CE is fixed to 1 byte.

6/6


