
Page 1

3GPP TSG RAN WG1 #104-e						R1-2101515
e-Meeting, January 25th – February 5th, 2021
	
[bookmark: Source]Agenda item:	8.15.4
Source: 	Qualcomm Incorporated
Title: 	Enhancements on HARQ
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Background
A new study item on supporting NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is outlined in [1]. 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]

NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
In this contribution, we provide our initial views on necessary enhancements to NB-IoT/eMTC over NTN for aspects related HARQ operation.
2 Maintaining throughput
In an NTN, a UE may have to wait for a considerable period after receiving a DL transmission before it transmits the corresponding UL. This is especially true for “near UEs” if the “scheduling offsets” (K_offset) are cell-specific, and hence, cater to UEs with the worst round-trip time. According to current specifications, in many such would-be “waiting periods”, the UE is “not required to monitor NPDCCH” (see Fig. 1). An example shown in the figure is the time period between receiving an NPDSCH and transmitting the corresponding HARQ ACK.
[image: ]
Figure 1: Illustration of current UE behavior between receiving NPDSCH and transmitting HARQ ACK.
To mitigate this loss in throughput, we can enable PDCCH monitoring for at least a subset of the “waiting period” shown above (shown in Fig. 2).
[image: ]
Figure 2: Illustration of proposed UE behavior between receiving NPDSCH and transmitting HARQ ACK, to increase overall throughput.
Proposal 1: RAN1 to study enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
3 HARQ ACK feedback disabled HARQ process(es)
As described in the previous section, there may be time periods which, according to current specifications, be un-utilized, leading to suboptimal system throughput. Note that, for HARQ processes with HARQ ACK feedback enabled, it isn’t possible to “pipeline” transmissions for a given process before the passage of one round-trip time (RTT). For GEO-based NTNs, these RTTs can be very large. And for certain NB-IoT UEs, there is only one HARQ process that can currently be configured: for these UEs, without enhancements, there is no way utilize potential un-utilized time periods during communication. As a result, to mitigate the impact of such un-utilized time periods (e.g., on account of waiting periods, based on the current specs extrapolated to NTN), we propose to study supporting at least a single feedback-less HARQ process, that can enable pipelined transmissions.
Proposal 2: RAN1 to study support for at least one feedback-disabled HARQ process for NB-IoT over NTN. 
4 Conclusion
In this contribution we presented our initial views on enhancements for NB-IoT/eMTC over NTN for aspects related HARQ operation. We summarize our proposals below.
Proposal 1: RAN1 to study enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
[bookmark: _GoBack]Proposal 2: RAN1 to study support for at least one feedback-disabled HARQ process for NB-IoT over NTN.
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