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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. 

In RAN2#105, the following agreements on HARQ were reached:

Agreements:
1. Retransmissions at one or several layers shall be supported for NTN and configurable by the network.
1. The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission in the if HARQ is turned off.  FFS the impact on other procedures and how to configure.

In this paper, we discuss some considerations HARQ and how to “switch off” HARQ.
[bookmark: _Ref178064866]Discussion
In this contribution we will discuss some considerations on HARQ.
NTN scenarios where HARQ is useful
RRC configuration
At initial attach, the UE will use different SRBs to acquire RRC configurations. When the UE sends the RRCSetupRequest (Msg3), SRB0 is used and the RLC mode is transparent mode, TM. The same is valid when the gNB sends the RRCSetup (Msg4) message which is used to set up the SRB1 bearer. Not until RRCSetupComplete is sent from the UE, SRB1 is established and the RLC mode is switched to acknowledged mode, AM. Msg3 and Msg4 make use of HARQ in both UL and DL to help with reliable communication during the RRC configuration. If HARQ is disabled for NTN, it would increase the probability of configuration mismatch between the UE and gNB if the RRC configuration messages are not received and could delay the setup significantly. 
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HARQ for small packets and infrequent data
The rate reduction due to not enough HARQ-processes can be quite significant. This is, however, only the case when a sustained rate is required. For smaller packets arriving from higher layers, resulting in that the required amount of HARQ processes is smaller than the maximum amount of HARQ-processes, HARQ may still be used to great effect.
The maximum PDCP packet size before HARQ could stall the packet transmission is roughly (#HARQ-processes) * (TBS), which depends on the specific radio environment such as bandwidth, SNR and UE class. Given that the maximum PDCP PDU size is 9 kB, a TBS of the size (9 kB)/#HARQ-processes = ~4500 bits TBS would be required to be able to deliver one single PDCP packet without stalling the number of HARQ-processes.
The benefit of HARQ for DRBs is two-fold. The first benefit is the HARQ soft-combining gain which in some instances may be very large. Due to the satellite link budget often being a lot more restrained compared to the terrestrial case, the soft-combining gain of HARQ should not be disregarded. 
The second benefit is however subtler and ties to the scenario of small and infrequent data. The benefit is due to the dynamic scheduling of HARQ feedback and HARQ retransmissions which can be realized by seeing how HARQ and RLC schedule feedback and retransmissions. This can be seen in an example in Figure 2 where the retransmission delay for HARQ would not be more than 1 RTT, but for RLC, in a scenario of no UL resources, the delay would be at least 2 RTT. 
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Figure 2: a) showing the procedure of retransmission for HARQ, b) showing the procedure for retransmission in RLC AM when HARQ is turned off and UE has no uplink resources.
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Considerations on the method for switching off HARQ
In previous meetings, it was discussed what it means to switch off HARQ [4]. When it comes to the configuration of how to switch off HARQ feedback, there are some important considerations as to how this is done as this would affect both the performance and other procedures, such as during initial attach as in 2.1.1. We have identified 3 important considerations that should be guiding on how to configure switching off HARQ:
1) Should be configurable by the gNB in connected mode. It should not be assumed to be switched-off in certain scenarios or circumstances to reduce the impact on procedures such as random access as mentioned in section 2.1.1. 
2) Should be flexible to allow HARQ being switched off per transport block. This is to allow HARQ to be enabled for small packets and infrequent data, as described in section 2.1.2. 
3) Should have minimum impact on other procedures. This is to minimize the specification effort as HARQ is involved and accounted for in many of the procedures.
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Solution for switching off HARQ
One method that fulfils the above requirements for effectively switching off HARQ could be for the gNB to configure the UE with one or a set of HARQ process IDs for which HARQ will be switched off, as seen in Figure 3. In the downlink, when the UE receives a DCI on PDCCH with a HARQ process ID that has been signalled to be switched off, the UE will not respond with HARQ feedback. Likewise in the uplink, if the UE receives a grant for a HARQ process ID that has been signalled to be switched off, then the UE will know that for this PUSCH transmission there will be no feedback from network.
[image: ]
Figure 3. HARQ signalling when HARQ is switched off for a certain HARQ process ID.
This fulfils the criteria in Section 2.2 by:
1) being configurable by the gNB in any scenario, thus if the HARQ is deemed to be beneficial for a particular scenario then it is up to network configuration whether to use HARQ or not, 
2) configuring certain HARQ process IDs to have HARQ switched off allows the gNB to decide whether certain traffic should or should not use HARQ in the uplink,
3) this feature has small impact on other procedures as scheduling the process IDs is up to gNB scheduling
Not only does this solution allow for turning off HARQ feedback on the PUCCH for UE to save power, but for uplink transmission it also tells the UE whether any retransmissions would be done for PUSCH or not, possibly allowing for saving of UE memory and battery through implementation. 

1. [bookmark: _Toc4491156][bookmark: _Toc4524354][bookmark: _Toc4613476][bookmark: _Toc4613742][bookmark: _Toc4679092][bookmark: _Toc4686274]RAN2 to agree including the text proposal on the possible solution to the TR. 

Conclusion
In section 2 we made the following observations:

Observation 1	HARQ enables reliable RRC configuration at initial attach
Observation 2	Relying on RLC for retransmission instead of HARQ may increase the delay compared to using HARQ.
Observation 3	The benefits of HARQ include HARQ soft-combining gain and dynamic fast scheduling of feedback and retransmissions.
 
Based on the discussion in section 2 we propose the following:

Proposal 1	RAN2 to agree to the above considerations for guiding how to switch off HARQ.
Proposal 2	RAN2 to agree including the text proposal on the possible solution to the TR.
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Appendix

--------------- Start of TP ------------------
7.2.1.4	HARQ
3 important considerations that should be guiding on how to configure switching off HARQ:
1) Should be configurable by the gNB in connected mode. It should not be assumed to be switched-off in certain scenarios or circumstances to reduce the impact on procedures such as random access. 
2) Should be flexible to allow HARQ being switched off per transport block. This is to allow HARQ to be enabled for small packets and infrequent data. 
3) Should have minimum impact on other procedures. This is to minimize the specification effort as HARQ is involved and accounted for in many of the procedures.
Further comments.
7.2.1.4.1	Possible solution for switching off HARQ
The basic idea is to switch off HARQ for one or a set of HARQ process IDs, as seen in Figure 3. In the downlink when the UE receives a DCI on PDCCH with a HARQ process ID that has been signalled to be switched off, then the UE will not respond with HARQ feedback. Likewise in the uplink, if the UE receives a grant for a HARQ process ID that has been signalled to be switched off, then the UE will know that for this PUSCH transmission there will be no feedback from network.
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Figure 7.2.1.4-1. HARQ signalling when HARQ is switched off for a certain HARQ process ID.
This fulfils the criteria in Section 2.4 by:
1) being configurable by the gNB in any scenario, thus if the HARQ is deemed to be beneficial for a particular scenario then it is up to network configuration whether to use HARQ or not, 
2) configuring certain HARQ process IDs to have HARQ switched allows for the gNB to decide whether certain traffic should or should not use HARQ,
3) this feature has small impact on other procedures as scheduling the process IDs is up to gNB scheduling
Not only does this solution allow for turning off HARQ feedback on the PUCCH for UE to save power, but for uplink transmission it also tells the UE whether any retransmissions would be done for PUSCH or not, possibly allowing for saving of UE memory and battery through implementation. 

--------------- End of TP ------------------
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