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Introduction

In RAN2#103bis following agreements on HARQ were achieved:
	Agreements:

-
Both options (enhancing HARQ and disabling HARQ) will be studied.  


In this paper, we will discuss both options and compare the advantages and disadvantages.
Discussion

HARQ is a time critical procedure which allows network to adjust retransmission strategy to adapt to the instantaneous changing of channel condition, thus fast and reliable transmissions can be guaranteed. 

For the HARQ operation in NTN, two alternatives are proposed in the previous discussion:

Alt 1: Increase the number of HARQ process
Alt2: Disable the HARQ operation
--------------------------------------------------- From 38811 ------------------------------------------------------------

Table 7.3.3.1.1-1: The minimum required number of the HARQ processes, [image: image2.png]


, assuming a 1ms slot duration for 15 kHz* reference subcarrier-spacing

	constellation
	Max. [image: image4.png]
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 processes for 1 ms slot operation
	UE side feasibility

	Terrestrial
	16ms
	16
	Feasible (Rel. 15)

	LEO
	50ms
	50
	Feasible (with HARQ extension)

	MEO
	180ms
	180
	FFS (impact on TBS/MCS)

	GEO/HEO
	600ms
	600
	FFS (impact on TBS/MCS)


NOTE*:
For larger subcarrier spacing (SCS), i.e., 2k * 15 kHz, the min. required number of the HARQ processes might be scaled by 2k.

--------------------------------------------------- From 38811 ------------------------------------------------------------

For the alternative 1: Increase the number of HARQ process

As given in the above table, due to the large RTT in GEO ( up to 544 ms for Bent Pipe satellite), to enhance HARQ by increasing the HARQ process number will require at least 600 HARQ process number for 1 ms slot duration, which is tens of times of the maximum HARQ process number supported in NR. Such large amount of HARQ process number leads to a huge requirement on soft buffer size on UE side which will significantly increase the cost and complexity.

Observation 1: Increasing HARQ process number will lead to a huge requirement on soft buffer size on UE side, which will increases cost and complexity significantly.
For the alternative 2: Disable the HARQ operation

In the current specs, the HARQ is some kind of service access point between MAC and PHY. 

For the transmission side, the MAC will put the MAC PDU generated in the HARQ process and the PHY will access the MAC PDU stored in the buffer of the HARQ process. 

For the reception side, the PHY will store the data received in the buffer of the selected HARQ process, and the MAC will receive the MAC PDU from the HARQ process. 

Since the HARQ process is needed anyway to store the MAC PDU generated/received, to minimize the impact on current specs and UP framework, we think the HARQ operation shall not be disabled entirely.

Observation 2: Considering the HARQ function is some kind of service access point between MAC and PHY and the HARQ process is needed anyway to store the MAC PDU generated/received, we think the HARQ operation shall not be disabled entirely.

In NTN, the main concern is the HARQ feedback delay caused by the long propagation delay. In normal HARQ operation, the assumption is that the scheduler will wait for feedback from the receiver to determine whether the retransmission is needed, which is called Stop And Wait (SAW). With SAW, the delay caused by waiting acknowledgement from receiver will delay the retransmission and the long delay will make the HARQ retransmission useless. However, to ensure the transmission reliability, the NW can still schedule the retransmission blindly before the reception of HARQ feedback (i.e. open loop HARQ operation). In addition, the slot aggregation has already been supported in current specs to enable some kind of open loop HARQ operation. With the slot aggregation, multiple copy of the MAC PDU with different RVs can be transmitted to UE without waiting for the reception of the HARQ feedback.

Therefore, based on the analysis above, it can be observed that, even with the long propagation delay, the open loop HARQ operation can still be used to improve the transmission reliability.

Observation 3: Even with the long propagation delay, the open loop HARQ operation (e.g. blindly retransmission, slot aggregation) can still be used to improve the transmission reliability

Based on the observation 1 and 2, we think the HARQ operation shall not be disabled entirely and the open loop HARQ can be used to ensure the reliability based on NW’s implementation. However, we also agree that the HARQ feedback seems useless in NTN case due to the long propagation delay. To minimize the impact on protocol, one possible solution is to allow disable of HARQ feedback instead of disabling the entire HARQ operation. And with the disabled HARQ feedback, all the other HARQ operation can be reused as it is.

Proposal 1: To minimize the impact on specs, the disable of HARQ feedback shall be allowed instead of disabling the entire HARQ operation (i.e. HARQ entity/process is still mandatory configured).

Conclusion

Based on the above discussion, we’d propose the following:

Observation 1: Increasing HARQ process number will lead to a huge requirement on soft buffer size on UE side, which will increases cost and complexity significantly.

Observation 2: Considering the HARQ function is some kind of service access point between MAC and PHY and the HARQ process is needed anyway to store the MAC PDU generated/received, we think the HARQ operation shall not be disabled entirely.

Observation 3: Even with the long propagation delay, the open loop HARQ operation (e.g. blindly retransmission, slot aggregation) can still be used to improve the transmission reliability.

Proposal 1: To minimize the impact on specs, the disable of HARQ feedback shall be allowed instead of disabling the entire HARQ operation (i.e. HARQ entity/process is still mandatory configured).
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