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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk68098852]In RAN1#104-e meeting, the following agreements were achieved on HARQ enhancements on NB-IoT/eMTC for NTN [1].
	[bookmark: _Hlk61428717]Agreement:
Study further the potential benefits and/or drawbacks of increasing the number of HARQ processes on throughput, latency, power consumption and complexity
Agreement:
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT.
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for eMTC.
Agreement:
In relation to HARQ operation in NTN IoT, further study at least 
· The necessity, potential benefits and drawbacks of any other potential HARQ feedback mechanisms
· The necessity, potential benefits and drawbacks of reduced PDCCH monitoring
· The necessity, potential benefits and drawbacks of coverage enhancements
· The necessity, potential benefits and drawbacks of uplink transmission gaps with multiple HARQ processes
· The necessity, potential benefits and drawbacks of maintaining HARQ process continuity in serving cell change 
· The necessity, potential benefits and drawbacks of multiple Transport Blocks scheduling
· The necessity, potential benefits and drawbacks of throughput enhancements
· FFS: Whether target throughput in NTN will be the same as target throughput in terrestrial networks
Agreement:
The motivation for introducing HARQ enhancements in NR NTN needs further consideration for HARQ enhancements in NTN IoT. Capture the following in the TR:
· For NTN IoT, potential HARQ enhancements need to consider the main characteristics of an IoT device, which are low complexity, low cost, low power consumption and low throughput, and key requirements of IoT services which are extended coverage, delay-tolerant and infrequent data transmissions, and support of massive communications.  
· The peak throughput of IoT UEs operating over NTN is not expected to be higher than the peak throughput of IoT UEs operating over TN.   
Agreement:
Further study to identify whether HARQ stalling happens at least in the GEO satellite scenario.
Agreement:
· Further discuss the potential benefits and/or drawbacks of increasing the number of HARQ processes in the UL for NB-IoT and eMTC, and for the analysis consider at least the following for the number of HARQ processes
· NB-IoT: 1,2,4
· eMTC: 2,4,8,14
· And discuss at least power consumption and peak data rate as performance metrics
· FFS: Whether to consider DL
· Other values for number of HARQ processes below the maximum value can be discussed
Agreement:
· Further discuss the potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT and eMTC, and consider at least the following number of HARQ processes for the analysis
· NB-IoT: 
· Total: 2, disabled: {1,2}
· eMTC:
· Total: 2, disabled: {1,2}
· Total: 8, disabled: {1,2,7,8}
· Other values for number of HARQ processes below the maximum value can be discussed
· FFS: whether to consider separately LEO and GEO scenarios
· FFS: whether to allow disabling of HARQ feedback in case of single HARQ process
· FFS: whether to allow disabling of all HARQ feedback
· FFS: other details for the evaluation/analysis


In this contribution, we provide our considerations on HARQ operation of NB-IoT/eMTC for NTN.
2. Discussion
2.1. Increasing the number of HARQ processes
[bookmark: _Hlk68099019]In RAN1 #103e, both the GEO and LEO (altitude 1200 km and 600km) scenarios were agreed to be applied to the NB-IoT/eMTC NTN. The maximal RTT for GEO is 541.46ms, for LEO (600km) is 25.77ms and for LEO (1200km) is 41.77ms. The large round-trip delay in NTN may cause a considerable reduction in throughput due to HARQ stalling before HARQ-ACK feedback is received, especially in the GEO case. Considering the repetition transmission scheme for NB-IoT in TN, a maximum of 128 repetitions in UL and 2048 in DL is used. In addition, according to the analysis in [2], due to the long distance of NTN scenarios, the IoT devices experience large coupling loss , which maybe exceed the MCL requirements in TN. The current repetition number can not support the required data rate in NTN scenarios, hence it is necessary to increase the number of repetition transmission. The RTT latency can be covered by the repetition transmission scheme for NB-IoT/eMTC NTN. 
Observation 1: The required HARQ process number is less than the subframe number in the RTT latency due to the larger repetition factor of IoT transmission.
On the other hand, in the NB-IoT/eMTC NTN, the coverage of cell is much large than NB-IoT/eMTC TN, which means that eNB needs to serve many IoT devices at the same time. When the IoT devices do not have an available HARQ process, eNB can serve for other IoT devices. The objective of extending the HARQ number is to obtain high throughput and low delay for the IoT service. But for the IoT service, high throughput is not a typical scenario, the IoT usage cases are typically small data size and infrequent data transmission, and delay-tolerant is a key requirement of IoT service. In addition, extending the HARQ process number will increase the HARQ soft buffer size of the devices, which will further raise the cost and complexity of the devices. So extending HARQ process number is not necessary.
Proposal 1: For NB-IoT/eMTC NTN, the HARQ process number can be maintained the same as the NB-IoT/eMTC for TN, and the extension of maximal HARQ process number is not supported.
2.2. Disabling HARQ feedback
In NR NTN, due to the large propagation latency and supported HARQ process number, the functionality of disabling HARQ feedback is introduced. The NTN network does not need to wait for the HARQ-ACK feedback from the devices before it can schedule the disabled HARQ processes again to decrease the packet delivering latency. But for the IoT service, the latency requirement is up to 10s, so the latency enhancement is not critical for NB-IoT/eMTC NTN, and the functionality of disabling HARQ feedback is not necessary. 
But there are some other benefits of disabling HARQ feedback for NB-IoT and eMTC. One is the power consumption, considering the link budget of NTN, a larger number of repetitions are needed for uplink, which will cause high power consumption, so disabling HARQ feedback is beneficial for the device's power consumption and battery life due to less uplink feedback. Another one is the resource utilization improvement, especially for the NB-IoT, without the HARQ-ACK feedback, the uplink resource can be used to transmit the uplink traffic data for other UEs, which will increase the system capacity. 
[bookmark: OLE_LINK6]Proposal 2: Support the functionality of disabling HARQ feedback for downlink transmission for NB-IoT/eMTC NTN.
In terms of HARQ disabling configuration, in NR NTN, per HARQ process configuration via UE specific RRC signaling is supported and whether to support that at least one HARQ process is configured with enabled HARQ feedback is still under discussion. For IoT NTN, the functionality of disabling HARQ, the number of disabled HARQ processes and enabling/disabling for one HARQ process can be decided by the network implementation and configured to UEs, similar to the NR NTN, per HARQ process configuration via UE specific RRC signaling can be applied. To add extra flexibility, some dynamic configuration options can be considered, such as using DCI dynamic indication or special RNTI to change the enabling/disabling HARQ feedback configured by RRC for some HARQ process, then some or all of the HARQ processes can be configured to be disabling, and dynamically changed when necessary.
Observation 2: It is up to network implementation to determine whether to disable HARQ process, the number of disabled HARQ processes and enabling/disabling for one HARQ process.
Proposal 3: The functionality of enabling/disabling per HARQ process can be configured in semi-static or dynamic way.
2.3. Serving cell change
Frequent serving cell change caused by high mobility of LEO satellites is a major difference for IoT between TN and NTN. Considering the large repetition and the randomness of traffic data, it is possible that the repetition transmission is not complete when the serving cell need to change due to the mobility of satellites. Additionally, a group of  UEs in the coverage of one cell need to change the serving cell due to the mobility of the cell, not the movement of UEs, which is also a major different between TN and NTN. If the transmitted repetitions of the UEs covered by the cell are discarded, there will be a huge waste of resource. In current spec., UL gap is introduced during long UL transmission exceeding 256 ms. Based on that, a enhanced gap transmission could be considered to allow repetition continuation when serving cell change. During the gap, sering cell change would be completed, and other procedures may be necessary, e.g. re- synchronization. After the gap, repetition transmission could be continued.
Proposal 4: Consider a enhanced gap transmission mechanism to allow repetition continuation when serving cell change.
2.4. Uplink transmission gaps
In the NB-IoT specification in TS 36.211, the NPUSCH UL gap is added to allow UE to re-synchronize time and frequency during long UL transmission exceeding 256 ms.
Problem statement
In RAN1 #104 e-Meeting [1], the case of uplink gaps with 2 HARQ processes was discussed. In Figure 1 below, if DCI#0 is missing, UE will transmit NPUSCH #1 without pending a gap. But eNB will expect to receive NPUSCH #0 and NPUSCH #1 with a UL gap in the middle of NPUSCH #1. There is a timing misalignment between UE and eNB.


Figure 1. The timing relationship of eNB and UE when considering 2 HARQ processes
Observation 3: There is a timing misalignment between UE and eNB if the corresponding DCI of one of two HARQs is missing.
Besides, there are different understandings for 2 HARQ processes based on the current specifications in TS 36.213.
For an NPDCCH UE-specific search space, if an NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k:
· the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; 
· [bookmark: OLE_LINK1]and the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255.
In Figure 2 below, if UE detects DCI ending in subframe n, and the corresponding HARQ 1 transmission starts from subframe n+64 and ends in subframe n+320. Then UE detects another DCI ending in subframe n, and the corresponding HARQ 0 transmission starts from subframe n+16 and ends in subframe n+64, which does not violate the existing specification above. However, the maximum total transmission duration will exceed 256ms starting from n+16. Hence, the mechanism of current UL gap needs to be enhanced.

 
Figure 2. Transmission sequence of 2 HARQ processes
Observation 4: The total continuous transmission duration of 2 HARQ processes may exceed 256ms according to the current specifications.
Possible solution
If the UL gap is configured respectively for each NPUSCH repetition transmission and as part of the NPUSCH repetition transmission, the above stated problem can be resolved. For the case in Figure 1,  if a gap is configured after a certain time (e.g. 100ms ) transmission starting from the begin of NPUSCH #1,  both eNB and UE will know the location of the gap after UE receives DCI #1. Then UE will transmit NPUSCH #1 with the gap, and eNB will receive NPUSCH #1 with the gap. For the case in Figure 2, although the maximum total transmission duration may still exceed 256ms, the gap configured per NPUSCH can be utilized for synchronization timely. Hence, a enhanced UL gap could be considered. Furthermore, the length and the location of UL gap can be flexibly configured by the network, which is up to NW implementation, e.g. on the basis of the satellite ephemeris and UE location. 
Proposal 5: A enhanced UL gap can be considered as part of the NPUSCH repetition transmission.
2.5. Reducing PDCCH monitoring
[bookmark: _Hlk68515400]A time gap should be reserved for MAC entity after a NPUSCH transmission. If the IoT device has a NPUSCH transmission ending in subframe n, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3. In the NB-IoT/eMTC NTN, the IoT device has a NPUSCH transmission ending in uplink subframe n. And the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any downlink subframe starting from downlink subframe n+1 to downlink subframe n+3. As shown in the following figure, the actual time gap from the uplink subframe n to downlink subframe n+3 have already included the round-trip delay. Hence, the PDCCH monitoring reduction is not necessary. In addition, due to the round-trip delay of NTN is much large than 3 subframes, IoT devices have enough time for MAC entity after a NPUSCH transmission. The interval of 3 subframes is no longer required.


Figure 3. Example of IoT NPDCCH monitoring
Observation 5: Due to the round-trip delay of NTN is much large than 3 subframes, the interval of 3 subframes is no longer required.
Proposal 6: The PDCCH monitoring reduction is not necessary.
3. Conclusion
In this contribution, we provide our views on HARQ enhancement for NB-IoT and eMTC NTN with the following observations and proposals:
Observation 1: The required HARQ process number is less than the subframe number in the RTT latency due to the larger repetition factor of IoT transmission.
Observation 2: It is up to network implementation to determine whether to disable HARQ process, the number of disabled HARQ processes and enabling/disabling for one HARQ process.
Observation 3: There is a timing misalignment between UE and eNB if the corresponding DCI of one of two HARQs is missing.
Observation 4: The total continuous transmission duration of 2 HARQ processes may exceed 256ms according to the current specifications.
Observation 5: Due to the round-trip delay of NTN is much large than 3 subframes, the interval of 3 subframes is no longer required.
Proposal 1: For NB-IoT/eMTC NTN, the HARQ process number can be maintained the same as the NB-IoT/eMTC for TN, and the extension of maximal HARQ process number is not supported.
Proposal 2: Support the functionality of disabling HARQ feedback for downlink transmission for NB-IoT/eMTC NTN.
[bookmark: _GoBack]Proposal 3: The functionality of enabling/disabling per HARQ process can be configured in semi-static or dynamic way.
Proposal 4: Consider a enhanced gap transmission mechanism to allow repetition continuation when serving cell change.
Proposal 5: A enhanced UL gap can be considered as part of the NPUSCH repetition transmission.
Proposal 6: The PDCCH monitoring reduction is not necessary.
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