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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#94 plenary meeting, an enhancement work item for Rel.18 IoT NTN was approved. One of the objectives is to specify the following HARQ enhancements to IoT NTN.

This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption [RAN1]

In this contribution, detailed remaining issue for HARQ disabling enhancement in IoT NTN are presented during the maintenance phase.
2. Discussion
2.1 ISSUE 1 Clarification of maximal PDSCH number restriction in a bundle circle
In legacy Rel.14 HD-FDD HARQ bundling, the maximal HARQ-ACK bundle size is 4 and the maximal number of PDSCH in bundle circle (e.g., before switching to UL) is 10 with the following agreement and the corresponding CR is proposed in [3].

RAN1#86bis agreement: [36.213: 7.3.1]
· One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.
· HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.
· The maximum HARQ-ACK bundle size is 4.
RAN1#87 and RAN1#88 agreement: [36.212: 5.3.3.1.12, 36.213: 7.1.11]
· When HARQ-ACK bundling is RRC configured, non-bundled transmission is still possible, where the repetition numbers of the different channels are used in the same way as in Rel-13 eMTC. 
· At least in non-repetition case, the maximum number of HARQ-ACK bundles before switching to UL is 3.
· The maximum number of PDSCH TBs in all bundles before switching to UL is 10.
· If repetition is used for MPDCCH or PDSCH, HARQ-ACK bundling is not used

The above agreement has been captured in TS36.213.

 (
T
S36.213 
 7.3.1
For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter 
ce-HARQ-AckBundling 
and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1,
-
for HARQ-ACK transmission in subframe 
n
, 
the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs 
across all 
 BL/CE DL subframes 
for which subframe 
n
 is the 'HARQ-ACK transmission subframe'. 
-
if subframe 
n-k
1
-
K
offset
 is the most recent subframe for which 
subframe 
n
 is the 'HARQ-ACK transmission subframe', and if 
the '
T
ransport blocks in a bundle' field in the 
corresponding DCI for PDSCH transmission in subframe 
n-k
1
-
K
offset
 indicates a 
number of transport blocks in a bundle
 other than 
, the UE shall generate a NACK for HARQ-ACK transmission in subframe 
n
.
 
-
if the UE has received 
W
 PDSCH transmissions before subframe 
n
, and if the UE is expected to transmit HARQ-ACK for the 
W
 PDSCH transmissions in subframes 
, the UE is not expected to receive a new PDSCH transmission in subframe 
n
, where 
W
=10 if 
higher layer parameter 
ce-pdsch-tenProcesses-config
 is set to '
On
', 
W
=12 if 
higher layer parameter 
ce-PDSCH-14HARQ-Config
 is configured, and 
W
=8 otherwise.
-
if the UE is expected to transmit HARQ-ACK for the PDSCH transmissions received before subframe 
n
 in subframes 
, the UE is not expected to receive a new PDSCH transmission in subframe 
n
 for which the HARQ-ACK is to be transmitted in subframe 
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Take Figure 1 as example, for any subframe before UL subframe (e.g., subframe 12), if the UE has received 10 PDSCH transmissions (e.g., D0 to D9 in subframe 2 to subframe 11) before subframe 12, and if the UE is expected to transmit HARQ-ACK for the 10 PDSCH transmissions in subframes {13 14 15} (13 14 15>=12), the UE is not expected to receive a new PDSCH transmission in subframe 12.

[image: ]
Figure 1 maximal PDSCH number restriction (with HARQ-ACK) in a bundle circle is 10 in Rel.14


In RAN1-112, the following agreement was achieved for the eMTC HD-FDD with the introduction of HARQ disabling feature.
RAN1-112
Conclusion
For eMTC HD-FDD single TB scheduled by single DCI, UE is not expected to receive a DCI with “HARQ-ACK bundling flag” field set to 1 in case the corresponding HARQ process is configured with HARQ feedback disabled by RRC signaling.

With the introduction of HARQ disabling for HD-FDD, the maximal PDSCH number restriction (e.g., before switching to UL) in a bundle circle should be determined by the available HARQ process number with HARQ enabled information by higher layer. As shown in Figure 2, the maximal PDSCH number with HARQ feedback in a bundle circle should be 2 instead of legacy value of 10. For any subframe before UL subframe (e.g., subframe 6), if the UE has received 2 PDSCH transmissions (e.g., D0 to D1 in subframe 4 to subframe 5) before subframe 6, and if the UE is expected to transmit HARQ-ACK for the 2 PDSCH transmissions in subframes {15} (15>=6), the UE is not expected to receive a new PDSCH transmission in subframe 6 for which HARQ-ACK shall be provided. In subframe 6, UE is not expected to receive a new PDSCH with HARQ enabled since there is no available HARQ process that can provide HARQ-ACK before subframe 15.
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Figure 2 Maximal PDSCH number restriction (with HARQ-ACK) in a bundle circle is 2.

So the following update for maximal PDSCH number restriction in a bundle circle is needed/clarified accordingly.
 (
Reason for change:
For 
HD-
FDD, 
m
aximal PDSCH number restriction 
before
 
UL
 
subframe
 in a 
HARQ
 bundle circle determined by supported HARQ processes 
is
 
not
 
adopted for HARQ disabling cases
.
Summary of change:
Add 
m
aximal PDSCH number restriction 
before
 
UL
 
subframe
 in a 
HARQ
 bundle circle determined
 
by
 
HARQ processes
 with configured as HARQ enabled
Consequences if not approved:
For HD-FDD, 
m
aximal PDSCH number restriction 
before
 
UL
 
subframe
 in a 
HARQ
 bundle circle
 is not accurate
.
T
S36.213
 TP#
1
 recommendation
7.3.1
FDD HARQ-ACK reporting procedure
For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-frame/slot, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission. 
<Unchanged parts are omitted>
For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter 
ce-HARQ-AckBundling 
and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1,
-
for HARQ-ACK transmission in subframe 
n
, 
the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs 
across all 
 BL/CE DL subframes 
for which subframe 
n
 is the 'HARQ-ACK transmission subframe'. 
-
if subframe 
n-k
1
-
K
offset
 is the most recent subframe for which 
subframe 
n
 is the 'HARQ-ACK transmission subframe', and if 
the '
T
ransport blocks in a bundle' field in the 
corresponding DCI for PDSCH transmission in subframe 
n-k
1
-
K
offset
 indicates a 
number of transport blocks in a bundle
 other than 
, the UE shall generate a NACK for HARQ-ACK transmission in subframe 
n
.
 
-
if the UE has received 
W
 PDSCH transmissions before subframe 
n
, and if the UE is expected to transmit HARQ-ACK for the 
W
 PDSCH transmissions in subframes 
, the UE is not expected to receive a new PDSCH transmission in subframe 
n
 
for which the corresponding HARQ-ACK 
shall be
 provided
,
 
-
i
f 
UE 
is 
in a NTN serving cell, and the UE 
is 
configured with higher layer parameter 
downlinkHARQ-FeedbackDisabled-Bitmap
,
-
W
 
is minimum number of
 
W
’
 and
 12,
 where
 
W’
 
is 
the total HARQ proc
e
ss
es
 
with 
enabled HARQ-ACK information
 indicated by
 
higher layer parameter 
downlinkHARQ-FeedbackDisabled-Bitmap
.
-
e
lse
-
W
=10 if higher layer parameter 
ce-pdsch-tenProcesses-config
 is set to 'On', 
W
=12 if higher layer parameter 
ce-PDSCH-14HARQ-Config
 is configured, and 
W
=8 otherwise.
-
For 
W
≥
3
, 
if the UE is expected to transmit HARQ-ACK for the PDSCH transmissions received before subframe 
n
 in subframes 
, the UE is not expected to receive a new PDSCH transmission in subframe 
n
 for which the HARQ-ACK is to be transmitted in subframe 
 
<Unchanged parts are omitted>
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Proposal 1: The maximum PDSCH number with HARQ-ACK provided before switching to UL is the sum of HARQ processes with enabled HARQ-ACK information indicated by higher layer paramter downlinkHARQ-FeedbackDisabled-Bitmap.
Proposal 2: Adopt TP1 for maximal PDSCH number restriction in a bundle circle in TS36.213.

3. Conclusions
In this contribution, considerations of HARQ enhancement for IoT NTN are provided. The following proposals are present: 
Proposal 1: The maximum PDSCH number with HARQ-ACK provided before switching to UL is the sum of HARQ processes with enabled HARQ-ACK information indicated by higher layer paramter downlinkHARQ-FeedbackDisabled-Bitmap.
Proposal 2: Adopt TP1 for maximal PDSCH number restriction in a bundle circle in TS36.213.
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Subframe# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

MPDCCH M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M0 M1 M2 M3 M4 M5 M6

PDSCH D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D0 D1 D2 D3 D4

PUCCH or PUSCH U0 U4 U8

PUCCH or PUSCH U1 U5 U9

PUCCH or PUSCH U2 U6

PUCCH or PUSCH U3 U7

TBs in Bundle

n+2

in subframe 12, UE has 

received 10 PDSCH, UE 

is not expected to 

receive new PDSCH
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Subframe# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

MPDCCH M6 M7 M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M0 M1 M2 M3 M4

PDSCH D6 D7 D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D0 D1 D2

PUCCH or PUSCH U0

PUCCH or PUSCH U1

PUCCH or PUSCH

PUCCH or PUSCH

TBs in Bundle

HARQEnableDisableBitmap={11 0000 0000}

n+11

n+2

in ANY subframe of 6,7,8....14, UE has 

received 2 PDSCH with HARQ enabled, 

UE is not expected to receive new 

PDSCH with HARQ enabled

PDSCH with HARQ enabled

PDSCH with HARQ disabled
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