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Introduction
[bookmark: _Ref481671177]At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) [1]. In this contribution, we make observations and proposals for HARQ to support NB-IoT and eMTC over satellite.

HARQ in IoT NTN 
For NR NTN, UL HARQ feedback and UL HARQ retransmissions can be disabled by RRC configuration. HARQ RTT is in the order of several ms, but the satellite RTD is much higher. Disabling the HARQ feedback should be low priority for NTN NB-IoT or NTN eMTC for typical IoT applications transmitting small packets:
· IoT applications are not delay-sensitive: M2M devices may in general support relaxed delay characteristics.  M2M applications (e.g. alarms) may require a delay profile with a delay requirement of 10 seconds for the uplink when measured from the application ‘trigger event’ to the packet being ready for transmission from the base station towards the core network (TR 45.820).
· The data rates for IoT applications are typically low: Packet size, reporting interval combination for battery life analysis - 50 bytes, 2 hours; 200bytes, 2 hours;  50 bytes, 24 hours 200 bytes, 24 hours
· For C-plane signalling, disabling HARQ can be problematic because reliability is important for C-plane, and other recovery mechanisms such as RLC retransmissions in AM may not be possible
Consider required data rate with 10s latency requirements for typical IoT packet sizes can be 
· Min: 50 bytes / 10s = 40 bps 
· Max: 200 bytes / 10s = 160 bps 
In Rel-14 NB-IoT, the max TBS=2536 bits is greater than 200 bytes. Table 1 shows the maximum data rates of NB-IoT for Cellular, LEO, and GEO. It can be observed that the NTN RTT reduces NB-IoT data rates, but these data rates are still sufficient to meet maximum requirement of 160 bps. The lowest data rates with Rel-13 UE with 1 HARQ process, TBS=680 bits (DL) and TBS=1000 bis (UL) can still meet maximum requirement of 160 bps by at least an order of magnitude. 
	
	Rel-13                            1 HARQ Process,        TBS=680 bits (DL)           TBS 1000 bits (UL)
	Rel-14                             1 HARQ Process           TBS=2536 bits
	Rel-14                             2-HARQ Processes  TBS=2536 bits
	Rel-17                               2-HARQ Processes    TBS=2536 bits                       16 QAM

	
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	Cellular
	26.1 kbps
	58.8 kbps
	79.2 kbps
	115.2 kbps
	126.8 kbps
	158.5 kbps
	253.6 kbps
	317.0 kbps

	LEO
	12.6 kbps
	22.2 kbps
	42.3 kbps
	50.7 kbps
	74.6 kbps
	84.5 kbps
	149.2 kbps
	169.0 kbps

	GEO
	1.2 kbps
	1.8 kbps
	4.4 kbps
	4.5 kbps
	8.7 kbps
	8.8 kbps
	17.4 kbps
	17.6 kbps


Table 1: Data rates of NB-IoT for Cellular, LEO, and GEO

Cat-M1 eMTC DL data rate is 588 kbps, and will be increased to 706 kbps in Rel-17 with 14 HARQ processes. This allows to double data rates for LEO and GEO compare to Rel-17 NB-IoT. The Adaptive Multi-Rate (AMR, AMR-NB or GSM-AMR) audio codec is an audio compression format optimized for speech coding. AMR speech codec consists of a multi-rate narrowband speech codec that encodes narrowband (200–3400 Hz) signals at variable bit rates ranging from 4.75 to 12.2 kbit/s. It is reasonable to expect eMTC could support up to 8 voice calls for GEO and up to 60 voice calls in LEO. 
Observation 1: NB-IoT and eMTC data rates in LEO and GEO are sufficient to meet typical data rates for IoT applications.
Observation 2: For typical IoT applications, the need to disable HARQ is not high. 
Reliability of Message 3 in RACH procedure cannot be based on RLC ARQ as RLC AM is not possible before contention resolution has completed. The simplest way to ensure reliability is not to disable UL HARQ retransmissions before contention resolution in random access procedure has completed. The message 3 transmission uses a HARQ message 3 buffer during random access procedure, which is separate from HARQ buffer used for UL retransmissions of data in connected mode. UL HARQ retransmissions for message 3 on any HARQ process ID can be used without any HARQ buffer issues. The RRC configuration for disabling of UL HARQ retransmissions per UE per process for data transfer in connected mode can be ignored. 
Observation 3: It is up to eNB implementation if UL HARQ feedback is not disabled for Message 3 during initial access.
The impact of the satellite RTD on the NB-IoT data rates in LEO is about a 50% reduction. This is because the internal scheduling delay are quite high. On DL, a 4 ms for PDCCH processing of DL assignment and 12 ms for processing delay of UL HARQ feedback are specified. On UL, PDCCH processing of UL grant and UL packet preparations is 8 ms. Further, to schedule maximum TBS of 2536 bits on DL or UL it takes 10 TUs (i.e. 10 ms). It can be shown that doubling the number of HARQ processes from 2 to 4 will result in approximately a 50% increase on the DL and on the UL for a rel-14 NB-IoT device. By comparison, a Rel-17 NB-IoT device will provide double the data rates compare to rel-14 NB-IoT device.  
Observation 4: Doubling the number of HARQ processes from 2 to 4 in NB-IoT is not a priority as it approximately provides a 50% increase in data rates compare to Rel-14 NB-IoT device due to internal scheduling delays and would have high impact on the specifications. By comparison, a Rel-17 NB-IoT device will provide double the data rates compare to rel-14 NB-IoT device. 

Disabling of HARQ Feedback
[bookmark: _GoBack]In case HARQ feedback is disabled, it is up to the eNB to set a higher BLER target by increasing the number of repetitions when transmitting a TBS, or by selection a higher ITBS index and ISF index to use more RUs for the transmission (i.e. lower effective coding rate to improve reliability). A combination of both higher repetitions and higher ITBS and ISF can be used. NB-IoT allows up to 2048 repetitions of PDSCH. On the UL, NB-IoT allows up to 128 repetitions. This is sufficient to compensate for the loss of HARQ combining gain, which is moderate in NTN due to the strong LOS experienced with a sharp BLER curve observed as shown in Figure 2..
Observation 5: NB-IoT supports large number of transmissions on the DL and UL (i.e. up to 2048 repetitions and 128 repetitions respectively). This is sufficient to ensure reliability of the first transmission when HARQ is disabled.
For GEO, the RTD can be in the order of 500 ms. HARQ re-transmissions will take a very long time. For example, assume that UL transmission in NB-IoT requires up to 128 repetitions and 2 HARQ re-transmissions, the total time to transmit a packet could be in the order of 2 seconds. This is not desirable from latency viewpoint and also would require the UE to transmit and be in active mde for a long time period which would increases significantly the power consumption. Further, as was discussed in the previous section assuming that voice calls are supported in eMTC, HARQ re-transmissions should not be attempted as it a latency in the order of one second or higher will likely results in very poor voice call experience. Hence, at least for GEO the HARQ feedback should preferably be disabled. In GEO, for reliability of packet transmission the first transmission can be done with a more robust coding and if this fails RLC ARQ can be used. 
Observation 6: For GEO, the eNB can disable UL HARQ feedback and rely on RLC ARQ to avoid HARQ stalling. It is also up to the eNB implementation to disable UL HARQ feedback in LEO.

[image: ]
Figure 1. BLER performance for TDL-D channel profile

Conclusion
In this contribution, we discussed scope of HARQ enhancements. We made the following observations and proposals:
Observation 1: NB-IoT and eMTC data rates in LEO and GEO are sufficient to meet typical data rates for IoT applications.
Observation 2: For typical IoT applications, the need to disable HARQ is not high. 
Observation 3: It is up to eNB implementation if UL HARQ feedback is not disabled for Message 3 during initial access.
Observation 4: Doubling the number of HARQ processes from 2 to 4 in NB-IoT is not a priority as it approximately provides a 50% increase in data rates compare to Rel-14 NB-IoT device due to internal scheduling delays and would have high impact on the specifications. By comparison, a Rel-17 NB-IoT device will provide double the data rates compare to rel-14 NB-IoT device. 
Observation 5: For GEO, the eNB can disable UL HARQ feedback and rely on RLC ARQ to avoid HARQ stalling. It is also up to the eNB implementation to disable UL HARQ feedback in LEO.
Observation 6: NB-IoT supports large number of transmissions on the DL and UL (i.e. up to 2048 repetitions and 128 repetitions respectively). This is sufficient to ensure reliability of the first transmission when HARQ is disabled.
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