3GPP TSG RAN WG2 #112-e
R2-2010288
Online, 02 – 13 November 2020                                                           
Source: 
Huawei, HiSilicon
Title: 
Discussion on applicability of TR 38.821 to NTN NB-IoT
Agenda Item:
9.2.2
Document for:
Discussion and decision

1 Introduction
In RAN#86 meeting, a new SID was approved to enable NB-IoT/eTMC to support non-terrestrial networks (NTN) [1].
This study intends to reuse the NR NTN study and conclusions in TR 38.821. In this contribution, we discuss the applicability of TR 38.821 for NTN NB-IoT.
2 Discussion
2.1 Delay
TS 38.821 [2] table 7.1-1 identifies the delay constraint in the worst case scenarios for NTN NR. 

Table 7.1-1: NTN scenarios versus delay constraints, Source [2]

	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35786 km
	600 km

	Relative speed of Satellite with respect to earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 10° for feeder link

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 3500 km
	50 km / 1000 km

	Maximum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	541.46 ms (Worst case)
	270.73 ms
	25.77 ms
	12.89 ms

	Minimum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	477.48 ms
	238.74 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE

(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec

	NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design, and radio resource management strategy in a given system.

NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario

NOTE 3: Void

NOTE 4: Speed of light used for delay calculation is 299792458 m/s.


The delay in NTN NR is caused by the Satellite altitude, so the delay constraints directly apply to NTN scenarios for NB-IoT.
Proposal 1: The same delay constraints as NTN NR R17 apply to the supported NTN NB-IoT scenarios.
2.2 User plane enhancements
2.2.1 MAC
-
Aspects related to random access procedure
In TR 38.821, enhancements to the 4-step RACH procedure are proposed w.r.t preamble detection, random access response window, contention resolution timer and Timing Advance. All the identified problems and potential solutions are equally applicable to NB-IoT. 

Proposal 2: The analysis and proposed enhancements for the 4-step RACH procedure can be reused as a baseline for NTN NB-IoT. 
In NB-IoT, the 2-step RACH procedure and mobility in connected mode (handover) are not supported and all UEs are assumed to have GNSS applicability, so the corresponding analysis in TR 38.821 is not applicable to NB-IoT.
· Discontinuous Reception (DRX) and SR Timers
Discontinuous Reception (DRX) is supported in NB-IoT although the start and stop of the timers may be different. Scheduling Request (dedicated SR) is supported in NB-IoT in a similar way to NR. 

In TR 38.821, some offsets are proposed to be applied to some DRX timers and Scheduling Request to accommodate the RTD of NTN. The need to accommodate the RTD is applicable to NB-IoT however it should be discussed on a timer basis in the context of NB-IoT.  
Proposal 3: The analysis and proposed enhancements for DRX and Scheduling Request Timers can be reused as a baseline for NB-IoT, details need to be discussed in the context of NTN NB-IoT.
· HARQ
In TR 38.821, disabling uplink HARQ feedback for downlink transmission, disabling uplink HARQ retransmission and increasing the number of HARQ processes is suggested in order to support long propagation delays. 
In NB-IoT, there are at most two HARQ processes. HARQ feedback applies to DL transmission. HARQ feedback is not supported for UL transmission and UL retransmissions are always scheduled. 
The HARQ enhancements in NTN NB-IoT can reuse conclusions of NR NTN, when relevant, and it is better to wait until NR NTN has made sufficient progress.
Proposal 4: Wait for sufficient progress in NR NTN before discussing HARQ enhancements in NTN NB-IoT. 
· Uplink scheduling
In TR 38.821, enhancements to UL scheduling are discussed to reduce the latency caused by the long RTT in NTN. 
In NB-IoT, enhancements to uplink scheduling were added in Rel-15 to reduce the power consumption, e.g. Piggyback SR, physical layer SR and SPS BSR. These enhancements allow reduce the latency. Further enhancements are not necessary.
Proposal 5: Enhancements to uplink scheduling are not needed for NTN NB-IoT.
2.2.2 RLC
· Status Reporting
In TR 38.821, an extension of the t-Reassembly timer is proposed to take into account the long transmission delay.  The situation is similar in NTN NR and NTN NB-IoT. So RAN2 can discuss how to apply to NTN NB-IoT.
Proposal 6: Study how to adjust the value range of t-Reordering in NTN NB-IoT.
· RLC Sequence Numbers
Because of the long RTT, extension of RLC SN space is suggested in TR 38.821 in order to increase the supportable bit rates. 
In NB-IoT, the RLC SN size is 7 bits for AM and 5 bits for UM on account that only a few packets are expected to be transmitted. There is no need to optimise RLC SN for NTN NB-IoT.

Proposal 7: Modification of RLC SN is not needed for NTN NB-IoT.
2.2.3 PDCP
· SDU Discard
The discardTimer usually reflects the QoS requirements of a service. However, in NB-IoT, there is no real time services and the timer is mainly used to avoid PDCP buffer overflow. The value range of the timer is already very large, up to 80 seconds, and the timer can be completely switch off by setting the value to infinity.  
Proposal 8: Modification of the discardTimer is not needed for NTN NB-IoT.

· Reordering and In-order Delivery
Not applicable to NB-IoT.
· PDCP Sequence Number and Window Size
PDCP SN is 7 bits in NB-IoT. Similar to RLC SN discussion, there is no need for optimisation.

Proposal 9: Modification of PDCP SN is not needed for NTN NB-IoT.

· SDAP
 Not applicable to NB-IoT.
2.3 Control plane enhancements

2.3.1 Idle mode mobility enhancements

· Tracking Area Issues
Handling of Tracking Area is essentially a NAS issue and is identical for NR and NB-IoT. The fixed TA is agreed by the last meeting in RAN2 and RAN3, this agreement can be reused as a baseline for  NTN NB-IoT.

Proposal 10: Study how to apply fixed TA to NTN NB-IoT.
· Enhancements to idle/inactive UE mobility procedure
UE idle mode procedures are similar in NR and NB-IoT apart for a few aspects specific to NB-IoT, e.g. only ranking based reselection and relaxed monitoring concept.  

Most of the analysis performed for NR is applicable and some further analysis is needed for NB-IoT specific aspects.

Proposal 11: The analysis on idle mode procedures can be reused as a baseline. Additional analysis is needed for NB-IoT specific aspects, ranking based reselection and relaxed monitoring.
2.3.2 Connected mode mobility enhancements
In NB-IoT, there is no measurement in connected mode and no handover. Mobility is triggered by RLF and performed via RRC connection re-establishment.

Most of the analysis and solutions about connected mode mobility in TR 38.821 is not applicable to NB-IoT. Although some of the challenges have equivalent in NB-IoT, e.g. frequent and unavoidable handover, or handover for a large number of UEs.

Proposal 12: Connected mode mobility challenges and enhancements to RLF need to be discussed for NTN NB-IoT
3 Conclusion

In this contribution, we discussed the potential enhancements for connected mode UEs and have the following proposals:
Proposal 1: The same delay constraints as NTN NR R17 apply to the supported NTN NB-IoT scenarios.

Proposal 2: The analysis and proposed enhancements for the 4-step RACH procedure can be reused as a baseline for NTN NB-IoT.

Proposal 3: The analysis and proposed enhancements for DRX and Scheduling Request Timers can be reused as a baseline for NB-IoT, details need to be discussed in the context of NTN NB-IoT.

Proposal 4: Wait for sufficient progress in NR NTN before discussing HARQ enhancements in NTN NB-IoT. .

Proposal 5: Enhancements to uplink scheduling are not needed for NTN NB-IoT.

Proposal 6: Study how to adjust the value range of t-Reordering in NTN NB-IoT.

Proposal 7: Modification of RLC SN is not needed for NTN NB-IoT.

Proposal 8: Modification of the discardTimer is not needed for NTN NB-IoT.

Proposal 9: Modification of PDCP SN is not needed for NTN NB-IoT.

Proposal 10: Study how to apply fixed TA to NTN NB-IoT.

Proposal 11: The analysis on idle mode procedures can be reused as a baseline. Additional analysis is needed for NB-IoT specific aspects, ranking based reselection and relaxed monitoring.

Proposal 12: Connected mode mobility challenges and enhancements to RLF need to be discussed for NTN NB-IoT
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