3GPP TSG-RAN WG2 Meeting #113-e
R2-2100998
Online, 25th Jan – 5th Feb, 2021
Source: 
Huawei, HiSilicon
Title: 
Remaining issues on RACH in NTN
Agenda Item:
8.10.2.1
Document for:
Discussion and decision

1 Introduction
During RAN2 #112-e meeting, the RACH issues in NTN were discussed and the following agreements were achieved [1]:
	Agreements:
1. RAN2 working assumption (for RRC idle. FFS for Inactive/Connected): Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g. common TA) to help the UE to obtain the full UE-gNB RTT. 

2. If the UE-gNB RTT is pre-compensated, preamble ambiguity is not an issue in Rel-17 NTN (i.e. no enhancements are necessary). FFS how and by whom the possibly multiple components of UE-gNB RTT are pre-compensated
3. From RAN2 perspective, for UE with UE-specific pre-compensation as a baseline it is up to gNB implementation to ensure sufficient time on UE side for the Msg3 transmission.

4. For UE with pre-compensation capability (at least for the HARQ-feedback enabled case. FFS for HARQ-feedback disabled, if supported), drx-HARQ-RTT-TimerDL is offset by UE-specific RTT (UE-gNB delay) in LEO/GEO. FFS if offset is applied to: 1) the start of the timers or 2) the timer value range (i.e. existing values within value range increased by offset)
Agreements via email - offline 103:

1. If the start of the ra-ResponseWindow and msgB-ResponseWindow is accurately compensated by UE-gNB RTT, ra-ResponseWindow and msgB-ResponseWindow are not extended in LEO/GEO.

2. At least the following are FFS in Rel-17 NTN:

•
Report UE-calculated TA in e.g. msg3/msg5/msgA

•
Enhancements to RSRP-based selection mechanism of 2-step vs. 4-step RACH 

•
LCP impact caused by disabling HARQ UL retransmission
Agreements online:

3. RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.


In this contribution, we would like to further discuss the remaining RACH issues in NTN based on the RAN2 progress.
2 Discussion
· RTT acquirement in NTN
For the transparent architecture, the propagation delay comprises of two parts: one is between the UE and the satellite (the service link delay) and the other is between the satellite and the gNB (the feeder link delay). For the feeder link delay, it is common for all the UEs and is hard for the UEs to calculate. Therefore it is better to be broadcasted by the gNB. For the service link delay, since the UE is assumed to have GNSS capability, the UE can calculate the UE-specific RTT based on the location of the UE and the satellite. In this case, the full RTT is acquired by adding the broadcasted feeder link delay to the calculated service link delay. Besides, the pre-compensation is applicable for all RRC states, including RRC idle state, RRC connected state and RRC inactive state (if RRC inactive state is to be supported in NTN). Furthermore, the full RTT as a whole can be applied by the UE as pre-compensation during RACH procedure and as offset for the drx-HARQ-RTT-TimerDL as discussed in previous meetings (similarly, the full RTT can be applied to drx-HARQ-RTT-TimerUL as well). 
Proposal 1: UE’s full RTT is acquired by adding the broadcasted feeder link delay to the calculated service link delay.

Proposal 2: UE’s full RTT is applicable for all RRC states.

Proposal 3: UE’s full RTT as a whole can be applied by the UE as pre-compensation during RACH procedure and as an offset for drx-HARQ-RTT-Timer.
· The drx-HARQ-RTT-Timer in NTN
When HARQ is disabled, it is not necessary to start the drx-HARQ-RTT-Timer and thus no offset is needed. When HARQ feedback is enabled, it is already agreed the drx-HARQ-RTT-TimerDL is offset by UE-specific RTT (UE-gNB delay) in LEO/GEO. The same rule applies to the drx-HARQ-RTT-TimerUL. 
The definition of drx-HARQ-RTT-Timer is given in TS 38.321 [2]:

	-
drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;


As the intention of drx-HARQ-RTT-Timer is for UE to avoid monitoring PDCCH during HARQ RTT, the offset should be applied to the timer value range. Otherwise if the offset is applied to delay the start of the timer, the UE behaviour during the offset (i.e. before the timer is started) will be vague and will need extra clarification.
Proposal 4: The offset should be applied to the value range of the drx-HARQ-RTT-Timer when HARQ is enabled.
· Report of the calculated RTT
Reporting UE-calculated RTT (or the adjusted RTT value after receiving the TA correction in RAR) to the gNB is beneficial for the subsequent scheduling. Otherwise the gNB will have to always schedule the UE assuming it is the farthest UE in the cell. This will lead to unnecessary latency and waste of resources. The UE-specific RTT should be reported in MSG3 of 4-step RACH or MSGA of 2-step RACH if allowed by the message size. If not, the report can be done in MSG5. 
Proposal 5: UE-calculated RTT (or the adjusted RTT value after receiving the TA correction in RAR) should be reported to the gNB in MSG3/MSGA if allowed by the message size, otherwise reported in the uplink message following MSG3/MSGA.
· Selection between 2-step vs. 4-step RACH

Since NTN cells have a flat coverage and unobvious near-far effect, the legacy RSRP-based mechanism may not work for selection between 4-step RACH and 2-step RACH. A new mechanism should be applied to make full use of the RACH resources and avoid the circumstance where all UEs choose the same RA type (2-step or 4-step). Since RSRP cannot serve well to separate UEs, candidate options could be e.g. based on the calculated RTT, or the distance to the satellite, or even randomly separate the UEs through UE IDs. 
Proposal 6: The selection between 4-step RACH and 2-step RACH can be based on metrics other than RSRP, e.g. the calculated RTT or the distance to the satellite.
3 Conclusion

In this contribution, we discussed the potential enhancements for connected mode UEs and have the following observation and proposals:

Proposal 1: UE’s full RTT is acquired by adding the broadcasted feeder link delay to the calculated service link delay.

Proposal 2: UE’s full RTT is applicable for all RRC states.

Proposal 3: UE’s full RTT as a whole can be applied by the UE as pre-compensation during RACH procedure and as an offset for drx-HARQ-RTT-Timer.

Proposal 4: The offset should be applied to the value range of the drx-HARQ-RTT-Timer when HARQ is enabled.
Proposal 5: UE-calculated RTT (or the adjusted RTT value after receiving the TA correction in RAR) should be reported to the gNB in MSG3/MSGA if allowed by the message size, otherwise reported in the uplink message following MSG3/MSGA.
Proposal 6: The selection between 4-step RACH and 2-step RACH can be based on metrics other than RSRP, e.g. the calculated RTT or the distance to the satellite.
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