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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].
In the study item, 3GPP has made the agreements on HARQ and retransmission in RAN2#104/#105/#106 meeting as below:
· Both options (enhancing HARQ and disabling HARQ) will be studied.  (RAN2#104 meeting)
· Retransmissions at one or several layers shall be supported for NTN and configurable by the network. (RAN2#105 meeting) 
· The network should be able to configure the UE, mentioning whether HARQ is “turned off”.  There is no UL feedback for DL transmission if HARQ is turned off. (RAN2#105 meeting) 
· If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  (RAN2#106 meeting)
· Enabling / disabling of HARQ feedback is a network decision. (RAN2#106 meeting)
 
During RAN2#107 meeting, the HARQ enabling/disabling method and multiple transmissions of same TB were further discussed and it was agreed:
Agreements
1. Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss.
2	Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver. 
3	Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.
4	Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  
5	It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
6	The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling. 

In this paper, we discuss some impact to Logical Channel Prioritization (LCP) procedure in UL for UE support different (re)transmission schemes in NTN.

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.
In email discussion [106#71] [NR/NTN] HARQ [3], some criteria for enabling / disabling HARQ feedback was listed in section 3.2 Decision of enabling / disabling uplink HARQ feedback as below.
· 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 
According to the feedback, most of the companies consider round trip time, throughput and latency service requirements as the criteria for enabling/disabling HARQ feedback. While the radio bearer type (DRB or SRB) and specific RRC procedure as potential criteria require further study. 
Though the criteria were discussed for enabling / disabling uplink HARQ feedback (i.e. for DL data transmission with UL HARQ feedback case), from service requirements point of view, we understand the same criteria should be applied for UL data transmission as well to decide UL HARQ operation.  
In fact, in UL data transmission, it is up to the gNB to decide UL HARQ operation and only need to indicate the new transmission or HARQ re-transmission via NDI flag in DCI. The enabling / disabling HARQ retransmission based on gNB packet decoding results is not needed to inform UE.  
[image: ]
Figure 1: UL HARQ stalling during long RTT before availability of packet decoding result
Though the mechanism about how gNB schedule UL transmission is an implementation issue, we can see similar problem in UL as DL in long RTT scenarios. As shown in Figure1, the UL HARQ stalling will happen if all UL HARQ retransmission are based on packet decoding result when max HARQ process number reached.. The gNB should decide schedule new transmission or blind retransmission for UL HARQ before UL decoding result availability to avoid HARQ stalling.
Observation 1: To avoid UL HARQ stalling during long RTT when max HARQ process number reached, legacy packet decoding result based HARQ transmission/retransmission scheme should not applied for all UL HARQ processes in gNB.
Below is a summary for UL HARQ (re)transmission scheme with performance benchmark from reliability/latency point of view.
	#
	(Re)transmission schemes
	Retransmission behaviour
	Expected Performance

	1
	HARQ enabled
(legacy HARQ )
	HARQ with multiple (re)transmissions relying on gNB packet decoding result.
	High reliability
High latency


	2
	HARQ disabled
(HARQ with single transmission)
	HARQ transmission not relying on gNB packet decoding result, with one-shot data transmission and no retransmission.
	Low reliability (note)  
Low latency



Note: Transmission reliability may rely on many factors, such as link adaptation and retransmission, while in general low reliability may occur in HARQ disabled case compared with HARQ enabled case with same LA algorithm.
Furthermore, to lower the residual BLER, particularly in case HARQ feedback is disabled, scheduling of multiple transmissions of the same TB was discussed and agreed in RAN2#107 meeting. In UL data transmission, multiple transmissions of the same TB in a bundle (with pusch-AggregationFactor>1) and multiple transmissions of the same TB (with same HARQ process without the NDI being toggled) were also agreed. These two multiple transmissions of the same TB are on top of HARQ disabled and HARQ enabled scheme which will help improve transmission robustness and bring more (re)transmission scheme solutions in UL.
The criteria to decide the UL HARQ retransmission schemes (e.g. HARQ enabled/HARQ disabled with additional multiple transmissions of the same TB or not) are similar to DL. For example:
· Service requirements in terms of reliability, e.g. HARQ enabled for high reliability and disabled for low reliability 
· Service requirements in terms of throughput, e.g. HARQ enabled for low rate service with small and infrequent packets and disabled for high rate eMBB services 
Observation 2: Service requirements in terms of throughput, reliability, latency and RTT should be criteria for UL HARQ (re)transmission schemes decision (e.g. HARQ enabled/HARQ disabled with additional multiple transmissions of the same TB or not) for UL data transmission.
To support differentiated QoS services with different requirement (e.g. reliability, latency, throughput) within one UE, there will be one UE has different (re)transmission scheme (i.e. (re)transmission requirement).
Observation 3. Different (re)transmission schemes (i.e. (re)transmission requirements) may exist in one UE to support different traffic QoS requirements.
In UL, it is UE who will multiplex the packet from different services (logical channels, LCHs) into one MAC PDU based on LCP(Logical Channel Prioritization) procedure. In legacy LTE and NR system, it is always assumed that the HARQ functionality is always on. Therefore, the legacy LCP (38.321 section 5.4.3.1 Logical Channel Prioritization) has no restriction on multiplexing the data from different service. But in NTN system, if the data from different service with different QoS requirement are multiplexing into one MAC PDU as legacy LCP, then it is hard for the gNB to determine the (re)transmission scheme for the MAC PDU to guarantee the QoS of different services, e.g. to enable the HARQ retransmission as legacy or disable retransmission scheme for a MAC PDU with mixed QoS traffic? 
Observation 4. Legacy LCP in UE cannot differentiate QoS requirement for different services, which cannot support preferred retransmission scheme for each service when UE transmitting TBS multiplexed with mixed QoS requirement traffics.
In order to differentiate QoS requirement for different services in LCP, NW should inform UE the (re)transmission schemes (i.e. (re)transmission requirement) of each service (LCH) via RRC.
[bookmark: _Hlk15539677]Please note, this is different from what RAN2 discussed on RAN2#107 meeting that enabling / disabling of HARQ feedback on a per Logical Channel basis. As for DL, gNB may be smart enough to multiplex the different QoS packet into corresponding MAC PDU so LCH level based HARQ feedback disable/enable is not needed. In UL, it is UE who will multiplex the packets from different services (logical channels) into one MAC PDU based on LCP procedure thus RRC signalling is needed to inform UE each LCH’s QoS requirement. 
Proposal1: The UL (re)transmission schemes (i.e. (re)transmission requirement) of each logical channel (LCH) should be NW configurable and informed to UE via RRC. The UL (re)transmission schemes include HARQ enabled, HARQ disabled and multiple transmissions of the same TB on top of HARQ enabled/disabled.
The gNB will schedule the resources and determine the (re)transmission scheme for each UL grant based on available information such as the channel quality, buffer status of different logical channel group in BSR etc. Then the UE will perform LCP procedure to select the appropriate LCH to multiplex it into UL grant TBS with specific (re)transmission scheme. To guarantee the QoS of each service (LCH), only the LCH whose configured retransmission scheme requirement (via RRC) is exactly same as the UL grant (re)transmission scheme type can be selected to multiplex into this UL grant.
Proposal2: For UL grant, different (re)transmission scheme should be signalled to UE together with UL grant by DCI. How to signal (re)transmission scheme to UE should be considered by RAN1.
Proposal3: For LCP of UE supporting UL grants with different retransmission scheme, the selection of logical channels for each UL grant should map the logical channel’s (re)transmission requirement defined in RRC and UL grant (re)transmission scheme via DCI. 
For logical channel with bearer in RLC AM mode, the transmission robustness can be improved by RLC ARQ function. While for MAC CEs, it has no RLC ARQ functions at all, the MAC CE transmission reliability can only rely on the MAC/PHY layer enhancements.
Observation 5: MAC CE transmission has no RLC ARQ mechanism thus it can only rely on MAC/PHY layer enhancements to improve transmission robustness, which can be regarded as one special service requirement in NTN. 
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.  
Proposal4: RAN2 should consider how to guarantee MAC CE transmission reliability and latency for UE supporting UL grants with different retransmission scheme.

3	Conclusion
Base on the discussion in section 2, we have following observations and proposals:
Observation 1: To avoid UL HARQ stalling during long RTT when max HARQ process number reached, legacy packet decoding result based HARQ transmission/retransmission scheme should not applied for all UL HARQ processes in gNB.
Observation 2: Service requirements in terms of throughput, reliability, latency and RTT should be criteria for UL HARQ (re)transmission schemes decision (e.g. HARQ enabled/HARQ disabled with additional multiple transmissions of the same TB or not) for UL data transmission.
Observation 3. Different (re)transmission schemes (i.e. (re)transmission requirements) may exist in one UE to support different traffic QoS requirements.
Observation 4. Legacy LCP in UE cannot differentiate QoS requirement for different services, which cannot support preferred retransmission scheme for each service when UE transmitting TBS multiplexed with mixed QoS requirement traffics.
Observation 5: MAC CE transmission has no RLC ARQ mechanism thus it can only rely on MAC/PHY layer enhancements to improve transmission robustness, which can be regarded as one special service requirement in NTN. 
Proposal1: The UL (re)transmission schemes (i.e. (re)transmission requirement) of each logical channel (LCH) should be NW configurable and informed to UE via RRC. The UL (re)transmission schemes include HARQ enabled, HARQ disabled and multiple transmissions of the same TB on top of HARQ enabled/disabled.
Proposal2: For UL grant, different (re)transmission scheme should be signalled to UE together with UL grant by DCI. How to signal (re)transmission scheme to UE should be considered by RAN1.
Proposal3: For LCP of UE supporting UL grants with different retransmission scheme, the selection of logical channels for each UL grant should map the logical channel’s (re)transmission requirement defined in RRC and UL grant (re)transmission scheme via DCI. 
Proposal4: RAN2 should consider how to guarantee MAC CE transmission reliability and latency for UE supporting UL grants with different retransmission scheme.
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.x.y Multiplexing and assembly
Problem Statement
To support differentiated service requirements (e.g. throughput, reliability) within one UE, there will be one UE has mixed (re)transmission requirements (i.e. (re)transmission scheme) for UL data transmission. e.g. data transmission with HARQ enabled or HARQ disabled, with or without additional multiple transmissions of the same TB on top of it. Similarly, for each UL grant, one type of (re)transmission scheme should be signalled to UE together with UL grant by DCI. 
The legacy LCP (38.321 section 5.4.3.1 Logical Channel Prioritization) has no restriction on multiplexing the data from different service. If the data from different service with different QoS requirement are multiplexing into one MAC PDU as legacy LCP, then it is hard for the gNB to determine the (re)transmission scheme for the MAC PDU to guarantee the QoS of different services, e.g. to enable the HARQ retransmission as legacy or disable retransmission scheme for a MAC PDU with mixed QoS traffic?
Possible Solution
In LCP procedure, the selection of logical channels for each UL grant should consider the logical channel’s (re)transmission requirements. Only the LCH with (re)transmission requirement satisfying UL grant (re)transmission scheme type can be selected for this UL grant. The selection of logical channels for each UL grant should be per LCH configurable via RRC.
Because MAC CEs transmission has no RLC ARQ mechanism, it can only rely on MAC/PHY layer enhancements to improve transmission robustness, which can be regarded as one special service requirement in NTN. RAN2 should consider how to guarantee MAC CE transmission reliability and latency for UE supporting UL grants with different retransmission scheme.

Note: How to signal UL grant (re)transmission scheme type to UE should be considered by RAN1.
 (…)
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