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1	Introduction
The study item on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 [1].
RAN2#104 started some first discussion on HARQ and agreed the following: 
Agreements:
1. 	Both options (enhancing HARQ and disabling HARQ) will be studied.  

During RAN2#105 meeting, 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.
2. 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.


During RAN2#106 meeting, the impact on HARQ was further discussed and it was agreed:
Agreements: 
1	If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
2	Even if HARQ feedback is disabled, the HARQ processes are still configured. 
4: Enabling / disabling of HARQ feedback is a network decision. 


In this paper, we discuss some impact to Logical Channel Prioritization (LCP) procedure if HARQ feedback is turned off.
2	Discussion
In NTN, propagation delays of tens of milliseconds up to hundreds of milliseconds will be seen. As we know, any system that has a propagation delay larger than the number of available HARQ processes, may suffer from HARQ stalling. High transmission delays in NTN will require the transmitter to maintain a large number of HARQ processes in the existing HARQ operation. According to the evaluation in 38.811[2], the required number of HARQ processes of GEO, MEO and LEO with 1ms slot duration and 15kHz SCS are respectively 600, 180 and 50, which is not appropriate to enhance existing HARQ operation for large delay cases, e.g. MEO and GEO cases, from RAN2 perspective.
In 3GPP previous meetings, for too large propagation delay cases, disabling HARQ operation was discussed to avoid issue above with the cost of leading decreasing of transmission reliability. The network should be able to configure the UE whether the HARQ is “turned off”.  

At RAN2#106 it was decided that enabling / disabling HARQ is a network decision. Furthermore, in email discussion [106#71] [NR/NTN] HARQ [3], criteria for enabling / disabling HARQ feedback was listed in section 3.2 for discussion as below.
· UE capabilities e.g. maximum HARQ soft buffer size 
· Round trip time e.g. disable in case of GEO satellite systems and enable in case of LEO satellite systems
· Service requirements in terms of throughput e.g. enable for low rate service with small and infrequent packets and disable for high rate eMBB services 
· Service requirements in terms of reliability e.g. enable for high reliability and disable for low reliability 
· Some RRC messages may still support HARQ 
· Certain RRC procedures such as initial attach messages may still support HARQ feedback 
To support differentiated HARQ operations for services with different requirement (e.g. throughput, reliability) within one UE, there will be one UE has mixed HARQ processes with feedback enabled and disabled.
[bookmark: _Hlk7718290]Observation 1: One NTN UE can have HARQ processes with feedback enabled and feedback disabled to support differentiated service requirements.
LCP (Logical Channel Prioritization) does not distinguish the HARQ process with HARQ feedback disabled or enabled. In principle, currently there is no PUSCH HARQ process without HARQ feedback. With the assumption that one NTN UE has HARQ processes with feedback enabled for certain HARQ and disabled for other HARQs, there are two types of PUSCH grant possible (i.e. UL grant with HARQ feedback and UL grant without HARQ feedback).
For UE’s bearers and corresponding logical channels, some LCH (Logical Channel) might require more reliability which need HARQ feedback enabled. This means the LCH should be selected to UL grant with HARQ feedback enabled. On the other hand, some other bearer might require higher throughput which need HARQ feedback disabled to avoid HARQ stalling, which means the LCH should be selected to UL grant with HARQ feedback disabled. Only the LCH with HARQ feedback requirement satisfying UL grant HARQ feedback type can be selected for this UL grant.
Proposal 1: For LCP of UE supporting UL grants with HARQ feedback enabled and disabled, the selection of logical channels for each UL grant should consider the logical channel’s HARQ feedback requirement. 
Proposal 2: The selection of logical channels for each UL grant should be per LCH configurable to indicate that it is restricted to UL grant with HARQ feedback enabled or disabled or no restriction at all.
For HARQ process with feedback disabled, the transmission robustness can be improved by MAC layer enhancements, such as multiple transmissions of the same TB in a bundle and multiple transmissions of the same TB without NDI toggle. Additionally, for bearer/LCH in RLC AM mode, the transmission robustness can be improved by RLC ARQ function as well.
Because the MAC entity will multiplex MAC CEs and MAC SDUs in a MAC PDU and LCP does not distinguish the HARQ process with feedback enabled or disabled which can piggyback MAC CE, it is possible that MAC CE is piggybacked by UL grant with HARQ feedback disabled. As MAC CEs has no RLC ARQ functions at all, the MAC CE transmission reliability can only rely on the MAC/PHY layer enhancements.
Observation 2: MAC CE has no RLC ARQ mechanism thus it can only rely on MAC/PHY layer enhancements to improve transmission robustness if MAC CE is piggybacked by UL grant without HARQ feedback.
As MAC CE reliability is key for some feature to work normally, such as UL Configured Grant (e.g. for Configured Grant Confirmation MAC CE, the reliability is critical to let gNB know CG is activated successfully, otherwise gNB and UE will out of sync), it is important to make sure MAC CE can be transmitted in high reliability for NTN UE.  
Proposal 3: For LCP of UE supporting UL grants with HARQ feedback enabled and disabled, the allocation of resource for MAC CE should consider UL grant with HARQ feedback enabled or disabled.
Proposal 4: RAN2 should consider how to guarantee MAC CE transmission reliability for UE supporting UL grants with HARQ feedback enabled and disabled.
3	Conclusion
In section 2 we made the following observations:
Observation 1: One NTN UE can have HARQ processes with feedback enabled and feedback disabled to support differentiated service requirements.
Observation 2: MAC CE has no RLC ARQ mechanism thus it can only rely on MAC/PHY layer enhancements to improve transmission robustness if MAC CE is piggybacked by UL grant without HARQ feedback.

Based on the discussion in section 2 we propose the following:
Proposal 1: For LCP of UE supporting UL grants with HARQ feedback enabled and disabled, the selection of logical channels for each UL grant should consider the logical channel’s HARQ feedback requirement. 
Proposal 2: The selection of logical channels for each UL grant should be per LCH configurable to indicate that it is restricted to UL grant with HARQ feedback enabled or disabled or no restriction at all.
Proposal 3: For LCP of UE supporting UL grants with HARQ feedback enabled and disabled, the allocation of resource for MAC CE should consider UL grant with HARQ feedback enabled or disabled.
Proposal 4: RAN2 should consider how to guarantee MAC CE transmission reliability for UE supporting UL grants with HARQ feedback enabled and disabled.

4	Annex: Text proposal for TR 38.821
(…)
[bookmark: _Toc2952268]7.2 		User plane enhancements 
[bookmark: _Toc2952269]7.2.1 	MAC
Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure
Editor’s note: Discussion on 2-step RACH will be postponed until the procedures are more stable
Editor’s note: Both options (enhancing HARQ and disabling HARQ) will be studied
7.2.1.5 Multiplexing and assembly
To support differentiated service requirements (e.g. throughput, reliability) within one UE, there will be one UE has mixed HARQ processes with feedback enabled and disabled. Hence in LCP (Logical Channel Prioritization) procedure, the selection of logical channels for each UL grant should consider the logical channel’s HARQ feedback requirement. Only the LCH with HARQ feedback requirement satisfying UL grant HARQ feedback type can be selected for this UL grant. The selection of logical channels for each UL grant should be per LCH configurable to indicate that it is restricted to UL grant with HARQ feedback enabled or disabled or no restriction at all.
Because MAC CEs have no RLC ARQ functions at all, the MAC CE transmission reliability can only rely on the MAC/PHY layer enhancements. The allocation of resource for MAC CE should consider UL grant with HARQ feedback enabled or disabled. How to guarantee MAC CE transmission reliability for UE supporting UL grants with HARQ feedback enabled and disabled should be studied.

(…)
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