3GPP TSG RAN WG1 Meeting #104-e	R1-2100491
E-meeting, January 25 - February 05, 2021

Agenda Item:	8.4.3
Source:	BUPT
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Title:	Discussion on HARQ enhancement for NTN
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#103-e, a couple of agreements have been achieved to enhance HARQ for NTN
Agreement:
Enhanced HRAQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· [bookmark: OLE_LINK46]Option 3: Extending the HARQ process ID field up to 5 bits 
· Option 2: Reusing one bit from other bit field
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· FFS: DCI 0-0/1-0

Agreement:
· Enhancements on aggregated transmission (including repetition) 
· Enhancements on MCS (including CQI report)


In this contribution, we provide some further considerations on HARQ enhancement.
[bookmark: _Ref129681832]HARQ enhancement in NTN
HARQ process ID indication
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk61441441]It has been agreed that the maximum supported HARQ process number shall be extended to 32. For options 1~3 to enhance HRAQ process ID indication, these will add more cost to the system. So, we have to figure out the system transmission gain with these system cost. For the NTN scenario with RTT = 32ms, the comparison of system throughput in different channel scenarios described in ITU-R M.1225(Open, suburban, urban) is considered when the HRAQ process ID field is 4 bits and 5 bits. The simulation results of system throughput under three different channel scenarios are here. 
Table 1 System parameters used in simulation
	System Parameter

	Bandwidth
	25MHz

	Maximum number of transmissions
	4

	Maximum feedback bits
	4/5

	PER Target
	0.1/0.01

	RTT
	32ms

	Channel environment
	Open, Suburban, Urban

	Maximum received elevation of UE
	90°

	Number of antennas
	1 Tx and 1 Rx

	Modulation
	BPSK/QPSK/8PSK

	Coding rate
	1/2, 3/4, 9/16
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Figure 1. System throughput under three different channel scenarios (a: Open; b: Suburban; c: Urban) with different HRAQ process ID bits (4/5)
As Figure 1 shown, there are significant increase in throughput with extending of HARQ process ID field. In three different channel scenarios, throughput gain is very obvious. In the NTN service which requires high system throughput, HARQ processes should be supported as much as possible.
[bookmark: _Hlk61467950]Observation 1: Under different channel scenarios, the system with HRAQ process ID indication enhancement has obviously higher throughput than that has 4 bits of HARQ process ID field.

[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 1: Within the capacity of the communication system, more HARQ processes should be supported to achieve higher system throughput gain.
Enhancement on transmission
For NTN, the number of parallel HARQ processes impacts DCI size and HARQ soft buffer size. Long propagation delay leads to an increase in number of HARQ processes. The increase in the number of HARQ processes makes packets stored in receiver memory significantly increase. But the memory size of UE is severely limited. Increasing receiver memory size will complicate the design of UE and significantly increase price of UE. In the IR-HARQ mechanism adopted for 5G system transmission, the receiver needs to store the redundant version number of retransmission. If the memory size cannot meet the storage requirements of redundant data, the receiver memory overflow will lead to a significant decline in system transmission efficiency.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]The receiver memory state in the current HARQ mechanism is not reported to the sender. This results in the size configuration of the transmitted packets can’t be compatible with the receiver memory state. One possible solution is to add information about the receiver memory state in UCI. And transmitter adjusts the size of packets according to receiver memory state.
Code block group HARQ supported in 5G NR can provide retransmission for CBG, which significantly reduces the redundancy packets in retransmission. CBG-based HARQ can be introduced into the HARQ enhancement for NTN. And the optimal configuration of CBG size and MCS can be realized through memory state information and channel state information. Specifically, we propose a HARQ enhancement mechanism ACBG-HARQ for LEO in NTN. The structure block diagram is as follows.
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Figure 2. ACBG-HARQ overall process flow chart
[bookmark: OLE_LINK350][bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK353][bookmark: OLE_LINK104][bookmark: OLE_LINK354][bookmark: OLE_LINK355][bookmark: OLE_LINK356][bookmark: OLE_LINK357]Here in th transmission, according to the channel quality estimation  and the average packet error rate , the receiver can optimize th transmission strategy including modulation and coding scheme  and number of code blocks . By this way, it can adjust the size of code block group to reduce memory occupancy by current receiver memory state . We mainly consider the effect of downlink channel on the transmission performance of HARQ. So, feedback channel is considered to be error-free channel. Furthermore, the code block group size and MCS are optimized according to the channel state by using optimization algorithm. 
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: _GoBack]The receiver memory overflow probability and spectral efficiency are simulated under three channel scenarios (open, suburban, urban). The simulation system conditions are as shown in Table 1. The receiver memory overflow probability and spectral efficiency of the system under different receiver memory size () are simulated respectively. Here we consider the number of information bits in one TB (one HARQ process) is .
· Receiver memory overflow probability:
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Figure 3. Memory overflow probability according to receiver memory size (a: Open; b: Suburban; c: Urban)
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]In Figure 3 above, it can be seen that the memory overflow probability of ACBG-HARQ is significantly reduced compared with that of TB-HARQ. For open and suburban environment, under the memory constraint condition (), the probability of memory overflow is close to , which has little influence on the system throughput. However, in urban environment with limited memory, the probability of memory overflow is higher (higher than ), which will lead to a significant reduction in system throughput.
· Spectral efficiency: 
[bookmark: _Hlk60671239][image: ] 
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[bookmark: OLE_LINK49]Figure 4. System spectral efficiency according to receiver memory size (a: Open; b: Suburban; c: Urban)
Figure 4 shows the corresponding relationship between system spectral efficiency and receiver memory size . Here spectral efficiency refers to the average spectral efficiency of the satellite in the process of overtopping (SNR: 0~9 dB). The discrete points represent actual values, and the curve is fitting result of discrete data. It can be found that when the receiver memory size is small, the spectral efficiency will be seriously affected. With the increase of receiver memory size, the increase of spectral efficiency tends to level off. Obviously, the spectral efficiency of ACBG-HARQ is higher than that of TB-HARQ in four communication scenarios.

[bookmark: _Hlk61467964]Observation 2: ACBG-HARQ can significantly reduce the memory overflow probability of the receiver and improve the transmission spectrum efficiency of the system.
[bookmark: _Hlk61467974]Observation 3: In different channel scenarios, the transmission performance degradation caused by memory overflow is different, and the gain brought by the HARQ mechanism with adaptive code block group size is different.
Proposal 2: In NTN scenarios, the HARQ mechanism should add the indicator symbol of memory state in UCI, and adjust the CBG size of transmission according to memory state information, so as to reduce the memory consumption and improve the spectrum efficiency of the system.
Proposal 3: In different channel scenarios, the decline of system transmission performance is different due to receiver memory overflow. The smaller the CBG transmission size will lead to the increase of the number of HARQ feedback information, so the selection of CBG size should be optimized according to the system requirements.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed enhancements for HARQ procedures in NTN. Then we get the following observations and proposals:
Observation 1: Under different channel scenarios, the system with HRAQ process ID indication enhancement has obviously higher throughput than that has 4 bits of HARQ process ID field.
Observation 2: ACBG-HARQ can significantly reduce the memory overflow probability of the receiver and improve the transmission spectrum efficiency of the system.
Observation 3: In different channel scenarios, the transmission performance degradation caused by memory overflow is different, and the gain brought by the HARQ mechanism with adaptive code block group size is different.
Proposal 1: Within the capacity of the communication system, more HARQ processes should be supported to achieve higher system throughput gain.
Proposal 2: In NTN scenarios, the HARQ mechanism should add the indicator symbol of memory state in UCI, and adjust the CBG size of transmission according to memory state information, so as to reduce the memory consumption and improve the spectrum efficiency of the system.
Proposal 3: In different channel scenarios, the decline of system transmission performance is different due to receiver memory overflow. The smaller the CBG transmission size will lead to the increase of the number of HARQ feedback information, so the selection of CBG size should be optimized according to the system requirements.
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