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1 Introduction

This TP aim to capture RAN1 agreements and conclusions on more delay tolerant transmissions in NTN.
2 Text Proposal

--------------------------------------------------------- Start of TP ----------------------------------------------------------------------
6.4 More delay-tolerant re-transmission mechanisms 
Two main aspects of more delay-tolerant re-transmission mechanisms have been studied

· Disabling of HARQ in NR NTN

· HARQ optimization in NR-NTN

HARQ Round Trip Time in NR is of the order of several ms. The propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the satellite orbit. The HARQ RTT can be much longer in NTN. It was identified early in the study phase that there would be a need to discuss potential impact and solutions on HARQ procedure. RAN1 has focussed on physical layer aspects while RAN2 has focused on MAC layer aspects.

· 


· 
· 
· 
6.4.1 Disabling of HARQ in NR NTN

RAN2 made recommendation in section [7.2.1.4] HARQ. It was discussed that when UL HARQ feedback is disabled, there could be issues if (i) MAC CE and RRC signalling are not received by UE, or (ii) DL packets not correctly received by UE for a long period of time without gNB knowing it.
The following were discussed without convergence on the necessity of introducing such solutions for NTN when HARQ feedback is disabled

· Indicate HARQ disabling via DCI in new/re-interpreted field [R1-1912349, R1-1913019]

· New UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes [R1-1912957, R1-1912641]
The following possible enhancements for slot-aggregation or blind repetitions were considered. There is no convergence on the necessity of introducing such enhancements for NTN. 

· Greater than 8 slot-aggregation [R1-1912125]

· Time-interleaved slot aggregation [R1-1912166]

· New MCS table [R1-1912471]
6.4.2
HARQ Optimization for NR NTN
Solutions to avoid reduction in peak data rates in NTN were discussed. One solution is to increase the number of HARQ processes to match the longer satellite round trip delay to avoid stop-and-wait in HARQ procedure. Another solution is to disable UL HARQ feedback to avoid stop-and-wait in HARQ procedure and rely on RLC ARQ for reliability. The throughput performance for both types of solutions was evaluated at link level and system level by several contributing companies.  

The observations from the evaluations performed on the effect of the number of HARQ processes on performance are summarized as follows:

· Three sources provided link-level simulations of throughput versus SNR with the following observations:

· One source simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER target of 1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32/64/128/256 HARQ processes. There was no observable gain in throughput with increased number of HARQ processes compared to RLC layer re-transmission with RTT in {32, 64, 128, 256} ms. 

· One source simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER targets of 0.1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32 HARQ processes. An average throughput gain of 10% was observed with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes with RTT = 32 ms. 

· One source provides the simulation results in following cases with RTT = 32 ms, e.g.,  assuming BLER targets at 1% for RLC ARQ with 16 HARQ processes, BLER targets 1% and 10% with 32 HARQ processes. There is no observable gain in throughput with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes in case that channel is assumed as TDL-D with delay spread/ K-factor taken from system channel model in suburban scenario with elevation angle 30. Performance gain can be observed with other channels, especially, up to 12.5% spectral efficiency gain is achieved in case that channel is assumed as TDL-A in suburban with 30° elevation angle. Moreover, simulation based on the simulation with consideration on other scheduling operations: (i) additional MCS offset, (ii) MCS table based on lower efficiency (iii) slot aggregation with different BLER targets are conducted. Significant gain can be observed with enlarging the HARQ process number. 

· One source provided system level simulations for LEO=1200 km with 20% resource utilisation, 16 and 32 HARQ processes, 15 and 20 UEs per cell, proportional fair scheduling, and no frequency re-use. The spectral efficiency gain per user with 32 HARQ processes compared to 16 HARQ processes depends on the number of UEs. With 15 UEs per beam, an average spectral efficiency gain of 12% at 50% per centile is observed. With 20 UEs per cell there is no observable gain.
The following options were considered with no convergence on which option to choose: 

· Option 1: Keep 16 HARQ process IDs and rely on RLC ARQ for HARQ processes with UL HARQ feedback disabled via RRC 

· Option 2: Greater than 16 HARQ process IDs with UL HARQ feedback enabled via RRC with following consideration

· UE capability if greater than 16 HARQ process IDs 

· Keep 4-bit HARQ process ID field in DCI 

The following solutions were considered for greater than 16 HARQ processes keeping the 4-bit HARQ process ID field in DCI:

· Slot number based [R1-1912957, R1-1912213, R1-1912665, R1-1912349, R1-1912904]

· Virtual process ID based with HARQ re-transmission timing restrictions [R1-1913019]

· Reuse HARQ process ID within RTD (time window) [R1-1912904]

· Re-interpretation of existing DCI fields with assistance information from higher layers [R1-1913238]

One source also considered solutions where the HARQ process ID field is increased beyond 4 bits [R1-1912166]
With regards to HARQ enhancements for soft buffer management and stop-and-wait time reduction, the following options were considered with no convergence on which, if any, of the options, to choose: 

· Option 1: Pre-active/pre-emptive HARQ to reduce stop-and-wait time [R1-1911861, R1-1912471]

· Option 2: Enabling / disabling of HARQ buffer usage configurable on a per UE and per HARQ process [R1-1912213, R1-1912125, R1-1912904]

· Option 3: HARQ buffer status report from the UE [R1-1912213]
The number of HARQ processes with additional considerations for HARQ feedback, HARQ buffer size, RLC feedback, and RLC ARQ buffer size should be discussed further when specifications are developed.
-------------------------------------------------------------- End of TP -------------------------------------------------------------------
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