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1 Introduction
In RAN# 111, a working assumption has been agreed on indication of HARQ disabling for IoT NTN [1]:
Working assumption
· For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission
· Additional RRC signaling to enable Option 3
· If the bitmap for option 1 is not present and if option 3 is configured then the DCI directly indicates HARQ enable/disable. Option 3 can also be configured when the bitmap for option 1 is configured.
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes or only applied to semi-statically HARQ disabled processes or only applied to semi-statically HARQ enabled processes.
· FFS #2: whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.


The Option 1 and option 3 were defined in RAN1#109-e as:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
In this contribution, we provide further considerations on HARQ disabling mechanism for IoT NTN.
2 Indication of disabling HARQ feedback for Single TB scheduling
In RAN#111, a compromise method is reached on indication of disabling HARQ feedback. Similar to NR NTN, a bitmap for HARQ feedback enabling/disabling (e.g. downlinkHARQ-FeedbackDisabled) can be optionally configured by high layer parameter. DCI indication can be independently configured (e.g. by dlHARQ-FeedbackDisabled-dci) to dynamically enable/disable the HARQ feedback for the scheduled HARQ process or to override of the configuration by the bitmap. The interpretation of DCI indication depends on whether the bitmap for HARQ feedback disabling is configured. Following issues remain unresolved in the working assumption. 
1. If bitmap is configured, whether the DCI-based override mechanism applies only to semi-static disabled HARQ process or to both disabled and enabled HARQ process. 
To our understanding, if the DCI-based override mechanism only applies to the disabled HARQ process, it is equivalent dynamic HARQ enabling mechanism, which is kind of out of scope according to WID. At the same time, UE with semi-static enabled HARQ feedback cannot benefit from the latency reduction from HARQ disabling. Furthermore, it can provide more flexibility for the initial RRC HARQ feedback configuration, especially for UE with only CP solution. Thus, we think the DCI-based override could be applied to both semi-statically enabled or disabled HARQ process. 
2. How to indicate HARQ feedback disabling or overriding in DCI
If bitmap is not configured and HARQ disabling by DCI is configured, the DCI bit is only used to disable the HARQ feedback for the current transmission. However, if the bitmap is configured and assuming the overriding could be applied to both RRC enabled or disabled HARQ process, the DCI bit may perform as either disabling or enabling of HARQ feedback. In order to keep consistent DCI format no matter whether the bitmap is configured or not, a separate DCI bit is required to indicate either disabling or enabling of HARQ feedback if DCI-based HARQ enabling or disabling is configured. For example, the bit value “0” means that HARQ feedback is enabled if bitmap is not configured or the configuration in bitmap remains. The bit value “1” means that HARQ feedback is disabled if the bitmap is not configured or the configuration of bitmap is overridden. 
In the original discussion of option 3, the indication bit can come from reusing of existing fields or adding a new field. Reusing 1 existing bit would influence the original indication of that field to some extent. For example, if LSB of ACK/NACK resource field is reused, then only 8 entries remain which reduce the scheduling flexibility for HARQ feedback if it is enabled. Thus, introduction of additional bit for HARQ disabling/overriding is preferred because it causes less standard impact and does not increase UE’s complexity in blind detection. Although another DCI size is introduced, UE is only required to detect the new DCI format when DCI indication of HARQ feedback be configured by high layer parameters.
Proposal 1: Support the DCI-based overriding mechanism is applied to both the semi-statically enabled and disabled HARQ process if the bitmap for HARQ disabling is configured. 
Proposal 2: Support to add 1 bit in DCI format N1 and format 6-1B for dynamic HARQ feedback disabling/overriding. 
3 HARQ feedback for multiple TBs scheduling
In Rel-16, multiple TBs scheduling for unicast is introduced for NB-IoT, to reduce the control channel overhead and to increase data rate especially in deep coverage area. To ensure the same soft buffer size as legacy UE, a DCI can schedule at most 2 TBs. The eNB can configure multiple TBs scheduling by the higher layer parameter “npusch-MultiTB-Config” and some DCI fields would be reinterpreted as shown in Table 1. Furthermore, when two TBs are scheduled by a single DCI, HARQ process ID of 0 shall be assumed for the first TB and HARQ process ID of 1 shall be assumed for the second TB. If the two TBs are transmitted with interleaved mode (npdsch-MultiTB-Config is set to 'interleaved'), UE could bundle the HARQ feedback of the two TBs in NPUSCH format 2 if harq-ACK-Bundling is configured.
Table 1 DCI fields associated with multiple TBs scheduling
	Information
	Size [bits]
	Indication

	New data indicator
	1
	Single TB scheduling: New data indicator
Multiple TBs scheduling: New data indicator for the first TB

	HARQ process number
	1
	Single TB scheduling: HARQ ID
Multiple TBs scheduling: New data indicator for the second TB



In RAN1#111, multiple options of UE HARQ feedback behavior when two TBs scheduled by single DCI for NB-IoT are captured in the proposal 5-1a in the FLS [2].
[Proposal 5-1a]: 
· For NBIoT single TBs scheduled by single DCI, HARQ feedback is not reported for downlink transmission with HARQ process disabled.
· For NBIoT two TBs scheduled by single DCI, the following UE behaviors are considered for the downlink transmission with HARQ process disabled：
· Option 1: ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission
· Option 2: HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled)
· Option 3: HARQ feedback is reported or not depending on the other TBs HARQ-enabled/HARQ-disabling scheduled by single DCI 
· Other options are not excluded

3.1 DCI-based HARQ enabling/disabling is not configured
If only bitmap is configured, the two TBs scheduled by one DCI could be in one of the following 3 scenarios: 
· Scenario 1: Both TBs are associated with feedback-enabled HARQ processes
· Scenario 2: Both TBs are associated with feedback-disabled HARQ processes
· Scenario 3: One TB is associated with feedback-enabled HARQ process and the other is with feedback-disabled HARQ processes. 
In Scenario 1, UE should feedback the decoding results of 2 TBs as legacy mechanism. In Scenario 2, if UE always generate ACK for the two disabled HARQ processes as Option 1 in proposal 5a-1, UL resources would be occupied by unnecessary feedback, which may decrease the throughput and increase the latency. Thus, UE is not required to feedback HARQ-ACK for either of the HARQ processes. In Scenario 3, it is possible for UE to only feedback HARQ-ACK for the enable HARQ process (option 2 in proposal 5a-1) which can save the NPUSCH format 2 resource compared with option 3 that HARQ-ACKs for both TBs are feedback. However, according to NPDCCH monitoring defined in [3], UE is not required to monitor NPDCCH in any subframe from the start of NPDSCH(s) transmission to the end of receiving NPUSCH format 2. It is not possible for eNB to schedule another NPDSCH with HARQ process which is disabled for feedback before eNB receives HARQ ACK for the TB with HARQ feedback enabled. Table 2 presents the throughput of the option 2 and option 3 when only one of the TB scheduled by single DCI is HARQ-enabled. The marginal throughput loss in option 3 compared with option 2 is due to one additional NPUSCH Format 2 carrying the HARQ feedback for disabled HARQ process. If HARQ time bundling is enabled, there is even no throughput loss for option 3. On the other side, the additional HARQ-ACK feedback for the disable HARQ process as in option 3 is beneficial for the transmission reliability and open loop link adaptation. Thus, we propose option 3 that if only one of the two TBs scheduled by single DCI is HARQ feedback disabled, UE should still feedback HARQ-ACK for the disabled HARQ process. 
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(a) Option2 in Scenario 3
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(b) Option3 in Scenario 3
Figure 1 Scheduling timeline with HARQ disabling
Table 2 Throughput of Scenario 3 with Option 2 and Option 3 
	
Constellation
	
RTT (ms)
	Repetition number
	T_total (ms) =10
	Throughput

	
	
	NPDSCH
	NPDCCH
	NPUSCH format 2
	Option2
	Option 3
	Option 2
	Option 3

	GEO
	539.66
	32
	32
	128
	1615
	1871
	0.3170
	0.2737

	LEO1200
	31.18
	8
	8
	32
	283
	347
	1.8092
	1.4755

	LEO600
	16.69
	8
	8
	16
	236
	268
	2.1695
	1.9104



Observation 1: For multiple TBs scheduled by one DCI, feedback HARQ-ACK for both TBs would benefit for link adaption with marginal throughput loss when HARQ-ACK feedback for at least one of the processes is enabled by eNB.
Proposal 3: For the multiple TBs scheduled by one DCI, if only the bitmap for HARQ feedback enabling/disabling is configured by high layer parameter, UE feedback HARQ-ACK for both TBs if at least one of the HARQ process is feedback enabled; otherwise, UE does not feedback HARQ-ACK for either of the HARQ processes.
3.2 DCI-based HARQ enabling/ disabling is configured
In RAN1#111, whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI is FFS. We do not see any difference from single TB scheduling that DCI based override indication can provide scheduling flexible and tradeoff between throughput and reliability. Thus, DCI based override indication should be supported for multi TBs scheduling. 
Proposal 4: DCI-based overriding mechanism should be supported for multi TBs scheduled by single DCI.
If the bitmap for HARQ feedback enabling/disabling is not configured and DCI-based HARQ feedback disabling is configured by high layer parameters, HARQ-ACK feedback for both TBs scheduled by the single DCI can be dynamically enabled/disabled with 1 bit in the scheduling DCI to align the UE behavior of HARQ-ACK feedback for both TBs. It can keep the same DCI size for single TB scheduling and for multiple TB scheduling and UE do not need to detect two DCI sizes when DCI-based HARQ disabling is configured together with multi TB scheduling. When bitmap for HARQ feedback enabling/disabling is configured by high layer parameter, the two processes may be configured as the following three cases: (a) Both of the two processes are HARQ-feedback enabled; (b) Both of the two processes are HARQ-feedback disabled; (c) HARQ-ACK feedback for one of the HARQ process is enabled and the other is disabled. In order to align the HARQ-ACK feedback behavior for both TBs (both enabled or both disabled) no matter how the bitmap is configured, 1 bit in scheduling DCI is preferred to indicate whether the semi-statically configuration of enabled or disabled HARQ process is overridden. The overriding behavior indicated by 1 bit in the scheduling DCI under different bitmap configurations are summarized in Table 3. The HARQ process(es) highlighted in red are overridden by the DCI bit. 
Table 3 HARQ-ACK feedback behavior when both bitmap and DCI-based overridden are configured
	Bitmap configuration
	1 bit in scheduling DCI

	
	“0”
	“1”

	Process #0 enabled
Process #1 enabled
	Process #0 enabled
Process #1 enabled
	Process #0 disabled
Process #1 disabled

	Process #0 disabled
Process #1 disabled
	Process #0 enabled
Process #1 enabled
	Process #0 disabled
Process #1 disabled

	Process #0 enabled
Process #1 disabled
	Process #0 enabled
Process #1 enabled
	Process #0 disabled
Process #1 disabled



Proposal 5: For multiple TBs scheduled by one DCI, if DCI-based HARQ feedback disabling is configured by high layer parameter, 1 bit in the scheduling DCI is used to align HARQ-ACK feedback behavior for both TBs scheduled by the DCI. 
4 NPRACH capacity and Link adaptation
In previous meetings, there was discussion on the PRACH capacity starvation if HARQ-ACK feedback is disabled because SR is not able to be piggybacked on NPUSCH format 2. If HARQ feedback can be dynamically disabled/enabled, the SR is still able to be opportunistically piggybacked on the HARQ feedback. In some cases, eNB can deliberately enable the HARQ feedback for UE to piggyback SR according to the usage of PRACH resource. Therefore, it is not necessary for RAN1 to discuss the NPRACH capacity issue anymore.
In some implementations, the HARQ-ACK is also used by eNB to adjust MCS in an open loop manner. If the HARQ-ACK is always disabled, the accuracy of link adaptation may be impacted. As HARQ-ACK disabling can be dynamically indicated by DCI, eNB could also enable the HARQ-ACK feedback whenever it requires to check whether the selected MCS is suitable. 
Observation 2: With dynamic HARQ feedback disabling/enabling, the issues on PRACH capacity starvation and lack of reference for open loop link adaptation can be alleviated by eNB implementation. 
Proposal 6: No need to enhance NPRACH and link adaptation when dynamic HARQ feedback disabling is introduced for IoT NTN.

5 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: For multiple TBs scheduled by one DCI, feedback HARQ-ACK for both TBs would benefit for link adaption with marginal throughput loss when HARQ-ACK feedback for at least one of the processes is enabled by eNB.
Observation 2: With dynamic HARQ feedback disabling/enabling, the issues on PRACH capacity starvation and lack of reference for open loop link adaptation can be alleviated by eNB implementation. 

Proposal 1: Support the DCI-based overriding mechanism is applied to both the semi-statically enabled and disabled HARQ process if the bitmap for HARQ disabling is configured. 
Proposal 2: Support to add 1 bit in DCI format N1 and format 6-1B for dynamic HARQ feedback disabling/overriding. 
Proposal 3: For the multiple TBs scheduled by one DCI, if only the bitmap for HARQ feedback enabling/disabling is configured by high layer parameter, UE feedback HARQ-ACK for both TBs if at least one of the HARQ process is feedback enabled; otherwise, UE does not feedback HARQ-ACK for either of the HARQ processes.
Proposal 4: DCI-based overriding mechanism should be supported for multi TBs scheduled by single DCI.
Proposal 5: For multiple TBs scheduled by one DCI, if DCI-based HARQ feedback disabling is configured by high layer parameter, 1 bit in the scheduling DCI is used to align HARQ-ACK feedback behavior for both TBs scheduled by the DCI. 
Proposal 6: No need to enhance NPRACH and link adaptation when dynamic HARQ feedback disabling is introduced for IoT NTN.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _GoBack]References
[1] Report of 3GPP TSG RAN WG1 #111 meeting.
[2] R1-2212555, “FLS#1 on disabling of HARQ feedback for IoT NTN”.
[3] TS 36.213, “LTE; Physical layer procedures”.

image1.png
=k +K offset-1





image2.png
=k K offset-1





