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Introduction
In RAN2#108, the email discussion [108#06] [NTN] Earth fixed vs. Earth moving cells in NTN LEO has been completed. This email has provided the necessary impact details on RAN2 aspects, and the results were captured in the TR.
	3GPP TR 38.821 V16.0.0 (2019-12)
7.4 Earth fixed cells vs Earth moving cells
Compared to LEO based Earth moving cells scenario where cells are moving on the ground, LEO based Earth fixed cells scenario refer to NTN that provide cells fixed with respect to a certain location on the Earth during a certain time duration. This can be achieved with NTN platforms generating steerable beams which footprint is fixed on the ground.
The same solutions identified for Earth moving cell scenario can also be applied for Earth fixed cell scenario, however, whether specific solutions are necessary (or preferred) for each scenario can be further evaluated in the normative phase (See [74]).


However, there is no impact analysis of RAN1 aspects. The goal of this contribution is to provide our understanding of how HARQ enhancements can be carried out in Earth fixed cells LEO transparent scenarios.
Discussion
Earth fixed cells
Earth fixed cells (EFC) refers to the footprints of satellite beams on earth are fixed for a long time. The angle of the antenna for each beam can be adjusted during the moving of the satellite to provide service to a fixed area on earth for a long time. The major difference to the Earth moving cell (EMC) is that the round-trip time (RTT) for a device is varying with the elevation angle of beams and each cell has the largest RTT with the minimum or maximum elevation angle. The EFC deployment may extend the cell serving time from around 6 seconds of EMC to nearly 6 minutes. 
[image: ]
[bookmark: _Ref32653486]Figure 1: Illustration of the NTN network with a LEO satellite of transparent payload at orbit 600 km.
Disabling of HARQ
The disabling of UL HARQ feedback has been captured in TR 38.821. When UL HARQ feedback is disabled, there could be issues if MAC CE and RRC signaling are not received by UE, or DL packets not correctly received by UE for a long period without gNB knowing it. However, HARQ disabling and the related issues make no difference between the use of EMC and EFC in general.
One minor difference is that for the EFC deployment UE may experience low elevation angles for a longer time compared to the EMC. Lower elevation means lower light of sight (LOS) probability, e.g., in Table 1.
[bookmark: _Ref29823072][bookmark: _Ref29823066]Table 1: LOS probability
	Elevation 
	Dense urban
scenario
	Urban scenario 
	Suburban and Rural
scenarios

	10° 
	28.2% 
	24.6% 
	78.2%

	20° 
	33.1% 
	38.6% 
	86.9%

	30° 
	39.8% 
	49.3% 
	91.9%

	40° 
	46.8% 
	61.3% 
	92.9%

	50° 
	53.7% 
	72.6% 
	93.5%

	60° 
	61.2% 
	80.5% 
	94.0%

	70° 
	73.8% 
	91.9% 
	94.9%

	80° 
	82.0% 
	96.8% 
	95.2%

	90° 
	98.1% 
	99.2% 
	99.8%


[bookmark: _Hlk47622880]For elevation angles lower than 20 degrees, the LOS probability is less than 40 % for the Urban scenario and less than 90 % for Suburban and Rural scenarios. Poor channel quality due to the low LOS probability is not a preferred scenario for the disabling of HARQ feedback. This is because, without HARQ feedback, UE may rely on Radio Link Control (RLC) retransmission. Comparing to the HARQ in the physical layer, it is just repetition without combination gain, e.g., soft combination via redundancy version (RV). This may degrade the throughput and latency performance in the low SINR region or the low LOS probability region.
[bookmark: _Toc47629635]For Earth fixed cells, UE may experience poor channel quality for a longer time than Earth moving cells due to having low elevation angles during service.
[bookmark: _Toc47629637]For Earth fixed cells, HARQ enhancement, especially for low elevation angles, may need FFS.

HARQ-ACK codebooks
According to TR 38.821, the disabling of HARQ feedback for DL transmission should be configurable on a per UE and per HARQ process basis via RRC signalling. However, if the disabling of HARQ feedback is per HARQ process basis, it is unclear whether legacy HARQ-ACK codebooks shall be supported. 
[bookmark: _Toc47629636]Based on TR 38.821, it is unclear whether the legacy HARQ-ACK codebooks are supported
From our perspectives, to support the legacy HARQ-ACK codebooks might only need minor specification changes, but as a return, the enabling of HARQ-ACK multiplexing could save valuable UL control channel resources.
[bookmark: _Toc47629638]Type-1 and Type-2 HARQ-ACK codebooks shall be supported in Rel-17 NTN.

Type-1 HARQ-ACK codebook
Type-1 HARQ-ACK codebook is used for a UE to report HARQ-ACK information for
· a corresponding PDSCH reception
· SPS PDSCH release
A UL slot for transmitting the HARQ-ACK codebook is indicated by a K1 value, i.e., a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1.
The HARQ-ACK codebook size is determined by
· a set of slot timing values K1
· a set of row indexes R of a table containing 
· a ratio between the DL subcarrier spacing (SCS) configuration and the UL SCS configuration
· if provided, time division duplex (TDD) configuration for UL and DL slots
The HARQ-ACK information bits in the codebook are determined by
· if a UE does not receive a transport block (TB) or a Code block group (CBG), due to the UE not detecting a corresponding DCI, the UE generates a NACK value for the TB or the CBG.
· If a UE receives a TB or a CBG scheduled by a corresponding DCI, the UE generates HARQ-ACK information bit(s) corresponding to decoding results of the received TB or the received CBG.
Based on the summary, the Type-1 HARQ-ACK codebook determination is based on the scheduling offset K1.
	3GPP TS 38.213 V16.0.0 (2019-12)
The determination is based:
a) on a set of slot timing values K1 associated with the active UL BWP
a. If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2 on serving cell 𝑐, 𝐾1 is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8}


For Rel-17 NTN to support Type-1 HARQ-ACK codebook, if the new scheduling offset K_offset is configured, the description above needs new wording to accommodate with Rel-16 NR.
[bookmark: _Toc47629639]To support Type-1 HARQ-ACK codebook, minor changes on the scheduling offset shall be FFS.

Type-2 HARQ-ACK codebook 
Type-2 HARQ-ACK codebook is used for a UE to report HARQ-ACK information bits for
· PDSCH receptions with a DCI format scheduling
· SPS PDSCH release/deactivation with a DCI format scheduling
· SPS PDSCH retransmissions with a DCI format scheduling
· SPS PDSCH receptions without a DCI format scheduling
A UL slot for UE to transmit the HARQ-ACK codebook is indicated by K0 and K1 in the DCI format, where
· K0 is a slot offset for PDSCH receptions provided by a time-domain resource assignment field in the DCI format
· K1 is a slot offset for PUCCH transmission with the HARQ-ACK codebook provided by PDSCH-to-HARQ_feedback timing indicator field in the DCI format
The HARQ-ACK codebook size is determined by
· a set of PDCCH monitoring occasions 
· the set has a total number M of PDCCH monitoring occasions in a serving cell based on the UL transmission slot indicated by K0 and K1.
· the set of PDCCH monitoring occasions is across active serving cells, indexed first across cells indexes and then indexed start times of search space sets
· a value of the counter downlink assignment indicator (DAI)
· provided by DCI format 1_0 or 1_1, the counter DAI (cDAI) denotes the accumulative number of PDSCH reception or SPS PDSCH release/deactivation associated with the DCI format(s) up to the current PDCCH monitoring occasion 
· a value of the total DAI (tDAI)
· provided by DCI format 1_1, the tDAI denotes the total number of PDSCH reception(s) or SPS PDSCH release/deactivation with associated DCI format(s), up to the current PDCCH monitoring occasion
· if SPS PDSCH configuration is provided
· if provided, one additional HARQ-ACK bit would be added at the end of the codebook.
· a UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in the same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group.
The HARQ-ACK information bits in the codebook are determined by
· If a UE receives a TB or a Code Block Group (CBG) scheduled by a corresponding DCI, 
· If the PDCCH monitoring occasion is before a DL or UL BWP change
· the UE generates NACK value(s) corresponding of the received TB or CBG.
· else
· the UE generates HARQ-ACK information bit(s) corresponding to decoding results of the received TB or the received CBG.
· if a UE does not receive a transport block (TB) or a Code block group (CBG), due to the UE not detecting a corresponding DCI, 
· no HARQ-ACK information bit is generated by the UE.
Based on the summary, the Type-2 HARQ-ACK codebook is determined by the scheduling offset K1.
	3GPP TS 38.213 V16.0.0 (2019-12)
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell 𝑐, as described in Clause 10.1, and for which the UE transmits HARQACK information in a same PUCCH in slot 𝑛 based on
· PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot 𝑛 in response to PDSCH receptions or SPS PDSCH release
[…]


For Rel-17 NTN to support Type-2 HARQ codebook, if K_offset is configured, the determination may need a new input parameter to accommodate with Rel-16 NR.
[bookmark: _Toc47629640]To support Type-2 HARQ-ACK codebook, minor changes on the scheduling offset shall be FFS.

Conclusion
In this contribution, we have the following observations
Observation 1	For Earth fixed cells, UE may experience poor channel quality for a longer time than Earth moving cells due to having low elevation angles during service.
Observation 2	Based on TR 38.821, it is unclear whether the legacy HARQ-ACK codebooks are supported
Based on these observations, we have the following proposals
Proposal 1	For Earth fixed cells, HARQ enhancement, especially for low elevation angles, may need FFS.
Proposal 2	Type-1 and Type-2 HARQ-ACK codebooks shall be supported in Rel-17 NTN.
Proposal 3	To support Type-1 HARQ-ACK codebook, minor changes on the scheduling offset shall be FFS.
Proposal 4	To support Type-2 HARQ-ACK codebook, minor changes on the scheduling offset shall be FFS.
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