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1	Introduction
In RAN2#111e, the following was agreed regarding the inclusion of 2-step RACH in Rel-17 NTN [1]:
Agreements:
1. Both 2-step and 4-step RACH are supported in Rel-17 NTN. FFS enhancements to RACH to accommodate the NTN environment.
If both 2-step and 4-step RACH are supported in one NTN cell, how to select RA type should be further studied on top of legacy RSRP threshold, to accommodate the NTN environment.
In this paper, we discuss 2-step RACH adaptation in NTN, including the 2-step and 4-step RACH RA type selection as well as MsgA PUSCH coverage enhancement.
2	Discussion
Support 2-step RACH procedure in NTN has been agreed in RAN2#111e meeting as one solution to reduce latency. In current specification, UE will select 2-step RACH if measured RSRP is above the threshold. E.g. the selection of 2-step RACH or 4-step RACH based on RSRP since higher channel quality and higher SINR may be desired for transmission of MsgA PUSCH for 2-step RACH which is specified in TS38.321 as below:
	“1>else if the BWP selected for random access procedure is configured with both 2-step and 4-step RA type random access resources and the RSRP of the downlink pathloss reference is above RSRP_THRESHOLD_RA_TYPE_SELECTION; Or
………….
[bookmark: _Hlk51764528]2> set the RA_TYPE to 2-stepRA;”


Based on the above principle, in cellular network, the UE in the cell center with higher RSRP will have more opportunity to select the 2-step RACH. However, in NTN deployments, since the near-far effect is not obvious [2], all UEs may have similar RSRP level, therefore the RSRP criteria for RA type selection may not work well.


Figure 1: A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
Observation 1: RSRP based 2-Step selection criteria may not work well in NTN, due to no obvious near-far effect in NTN.
In NTN, differential delay could be experienced by two UEs within the same cell. The UE in the coverage center (e.g. nadir) and UE in coverage edge (e.g. small elevation angle) may have different transmission delay from UE to satellite. Let’s take the LEO satellite at 600km altitude as the example, the maximum delay is 6.44 ms for the UE with 10° elevation angle (e.g, α in figure 2), the minimum delay is 2 ms for the UE at nadir point as indicated in 38.811 Table 5.3.4.1-1.


Figure 2: The delay and distance between a satellite and a ground terminal
The motivation of 2-step RACH over 4-step RACH is that there is one round trip cycle between sending MsgA and receiving MsgB, instead of two round trip cycles between sending Msg1 and receiving Msg4, which leads to reduced latency for fast access and uplink scheduling. The longer one round trip delay, the more latency reduction can be achieved with 2-step RACH. Based on current criteria to selection for 2-step RACH and 4-step RACH, the cell edge user which have large transmission latency have lower opportunity to use 2-step RACH since the RSRP is lower (maybe not much per observation 1), but these cell edge user should be given higher priority to use 2-step RACH to reduce the large latency. Therefore, it seems reasonable to select cell edge UE to use 2-step RACH to reduce long latency with new criteria.
Observation 2: UE located at cell edge can reduce latency more than UE at cell center by using 2-step RACH if UEs have similar coverage, considering no obvious near-far effect in NTN.
For the criteria to identify UE with long transmission delay at cell edge, it can be based on the location of the UE and the location of the serving satellite beam, which result in different transmission latency as well as distance between UE and satellite. For example, if UE estimated transmission latency is above a threshold configured by gNB, UE should select 2-step RACH to reduce latency.
Furthermore, service QoS requirement (e.g. delay) may quite different from different type of NTN UEs which is up to the upper layer application requirement. 4-step RACH should be selected for delay-tolerant service while 2-step for time-critical service. The UE can select RA type based on its QoS requirement and the threshold configured by gNB.
Proposal 1: RAN2 to discuss new criteria for 2-step RA selection, such as UE’s QoS (e.g. latency) requirements and/or the transmission delay/distance between UE and serving satellite.
The optimal RA selection should also consider the intra-satellite or inter-satellite scenario.  For intra-satellite scenarios the source and target cells are generated from the same satellite, and therefore the propagation delays and radio conditions on the two Uu interfaces are the same. In these scenarios a 2-step RACH procedure is more suited as because the UE does not need to re-adjust its timing advance and, additionally the transmission of MsgA is more likely to succeed. For inter-satellite scenarios, the source and target cells are generated by different satellites (possibly different feeder links) and therefore the propagation delays and radio conditions on the two Uu interfaces are in general very different. Therefore, it may be advantageous to use 4-step RACH for this scenario.
For example, in RRC_CONNECTED mode, the intra/inter-satellite hand-over cases can be identified simply by using the NR cell ID (PCI , GCI). The source gNB can determine if the measurement reports from the UE corresponds to a cell from the same satellite or different satellite. The UE then can be instructed to perform 2-step RACH if it is an intra-satellite handover; else the default configured 4-step RACH is to be used by UE.
Proposal 2: RAN2 to discuss the 2-step and 4-step RACH selection mechanism on the intra-satellite or inter-satellite scenarios.
In RAN2-111e meeting, RAN2 also agreed to study UL scheduling enhancement that UE carry BSR in MsgA PUSCH, to reduce UL scheduling latency.
	Agreements via email - from offline 107:
1.	At least the following methods to enhance UL scheduling are further studied in NTN: configured grant and BSR over 2-step RACH. (other solutions to enhance UL scheduling are not precluded)


In NTN SI, two other potential enhancements for MsgA were discussed and captured in TR 38.821 as below.
1. UE may include assistance information (i.e. value of TA applied by UE) in MsgA PUSCH payload.
	In 7.2.1.1.2 2-Step RACH Procedure
…for UE with location information to perform initial timing advance…, while in 2-step random access procedure, UE can include some assistance information in the PUSCH payload for network to know the value of TA applied by UE.


2. UE may include assistance information (i.e. SFN index) in MsgA PUSCH payload.
	Possible solution of problem of ambiguity on preamble reception at the network side:
For the case when 2-step RACH is used, assistance information, e.g., SFN index can be included in MsgA to help network link the received preamble to the corresponding RO.



Though above assistance information (e.g. SFN index, BSR, or value of TA applied by UE) may benefit 2-step RACH, it really adds much more payload to MsgA PUSCH. For example, the minimum Rel-16 NR MsgA PUSCH payload size is 56/72 bits with content which includes the same information that can be conveyed in Msg3 for 4-step RACH, however, for new assistance information, it seems the payload size is quite large. e.g.
· BSR (if long BSR information is agreed): (8+8*LCG number) bits, with maximum 72 bits when LCG#=8.
· Absolute TA value: TBD bits to be addressed by RAN2. (12 bits for 2ms in legacy NR, but now NTN UE need to support up to 541ms)
· Assistance SFN information: 10 bits
To avoid 2-step RACH fallback to 4-step RACH, both the RACH and MsgA PUSCH should be decoded successfully by gNB. Otherwise, the network would order the UE to fallback to 4-step RA type by transmitting a required grant for transmission Msg3, which would therefore not reduce the delay in RACH. The increased PUSCH payload may reduce the MsgA PUSCH coverage while it has no impact to MsgA PRACH coverage, it is important to improve MsgA PUSCH coverage to keep both channels having similar link budget/coverage.
Observation 3: Regardless of the increased PUSCH payload, in order to reduce the RACH delay, the MsgA PUSCH coverage should be kept similar to the MsgA PRACH to avoid the UE falling back from 2-step RACH to 4-step RACH.
In order to achieve similar link budgets for PUSCH and PRACH with increased PUSCH payloads, one approach for gNB is to assign more resource elements (e.g. increase the amount of PRBs assigned for a MsgA PUSCH) to the UE for PUSCH transmission following PRACH preamble, which makes it possible to select robust MCS and support larger TBS in one shot PUSCH transmission. The side effect of high PRB reservation in a single TTI is that, it may restrict the scheduling flexibility for network as less PRB available for data transmission in this TTI, especially from resource management point view where the reserved MsgA PUSCH PRBs are used only when RACH is triggered. Another approach is to support MsgA PUSCH retransmissions as legacy PUSCH, e.g. following a PRACH preamble, there are multiple PUSCH transmissions with same or different RV version, with soft combination of multiple transmissions thus reduce PRB reservation for each PUSCH transmission.
Proposal 3: To support the increased MsgA PUSCH payload in NTN, MsgA PUSCH retransmissions may need to be considered in 2-step RACH.

3	Conclusion
Based on the discussion, the following observations and proposals have been made. 
Observation 1: RSRP based 2-Step selection criteria may not work well in NTN, due to no obvious near-far effect in NTN.
Observation 2: UE located at cell edge can reduce latency more than UE at cell center by using 2-step RACH if UEs have similar coverage, considering no obvious near-far effect in NTN.
Proposal 1: RAN2 to discuss new criteria for 2-step RA selection, such as UE’s QoS (e.g. latency) requirements and/or the transmission delay/distance between UE and serving satellite.
Proposal 2: RAN2 to discuss the 2-step and 4-step RACH selection mechanism on the intra-satellite or inter-satellite scenarios.
Observation 3: Regardless of the increased PUSCH payload, in order to reduce the RACH delay, the MsgA PUSCH coverage should be kept similar to the MsgA PRACH to avoid the UE falling back from 2-step RACH to 4-step RACH.
Proposal 3: To support the increased MsgA PUSCH payload in NTN, MsgA PUSCH retransmissions may need to be considered in 2-step RACH.
4	Reference
[1] R2-2008122 – “Report from Break-out session on R16 eMIMO, CLI, PRN, RACS and R17 NTN and REDCAP” – RAN2 Vice Chairman (ZTE Corperation)
[2] 3GPP TR 38.821 V16.0.0, Solutions for NR to support non-terrestrial networks (NTN), December 2019.




image1.emf
gNB

Near-UE

Far-UE

Received signal strength

Near-UE

Far-UE

Received signal strength

NTN gNB

(a) (b)

Distance Distance


Microsoft_Visio_Drawing.vsdx








gNB
Near-UE
Far-UE
Received signal strength
Near-UE
Far-UE






Received signal strength


NTN gNB
(a)
(b)
Distance
Distance



image2.emf
horizon

nadir

α

h

0

R

E

terminal

d

Earth surface


Microsoft_Visio_2003-2010_Drawing.vsd

