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1 Introduction

The Study Item Description for this topic [1] lists the following objectives for RAN2:

· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management.

· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths.

This paper introduces the random access procedure of a conventional system, analyses the impacts on Non-Terrestrial Networks (NTN) and suggests studying the 2-step RACH procedure for NTN. 

2 Discussion

2.1 Introduction 
The random access procedure specified in NR includes four messages: The UE starts the procedure by transmitting the Random Access Preamble (Msg1). The gNB answers with a Random Access Response (RAR) providing a temporary UE identity, a timing advance and an UL grant (Msg2). The following Layer 3 Message, originated at the UE, includes an RRC Connection Request message (Msg3). If the UE was assigned a new C-RNTI, the gNB resolves any possible collision by including a UE contention resolution identity in Msg4.[4][3]

[image: image1.emf]UE gNB

Random Access Preamble 1

Random Access Response

2

Scheduled Transmission 3

Contention Resolution

4


Figure 1: NR 4-step RACH procedure

2.2 Random Access Response

After transmitting the Random Access Preamble, the UE monitors the PDCCH for the Random Access Response (RAR) message.  The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission.  If no valid response is received during the ra-ResponseWindow, a new preamble is sent. If a certain number of preambles have been sent, an appropriate random access problem will be indicated to upper layers.[3]
The ra-ResponseWindow starts at the first symbol of the earliest control resource set the UE is configured for Type1-PDCCH common search space [4]. The size of the response window can be configured by the RRC layer. Possible values are 1, 2, 4, 8, 10, 20, 40 or 80 slots. However, the network configures always a value lower than or equal to 10ms [6]. Accordingly, the maximum interval size between transmission and reception is 10ms plus a fraction of it for the time between the transmission of the preamble and the configuration of a control resource in the PDCCH. For NTN this interval is definitively to short, since the RTD (26ms for LEO or 562ms for GEO) is many times larger than this value. Therefore, a UE will never get any valid indication where it is allowed to transmit data because the message will always arrive at the UE, when it no longer expects a corresponding allocation message.

A possible approach to cope with the problem is to enlarge the ra-ResponseWindow size. The disadvantage is that the UE has to monitor the PDCCH for a very long time. This consumes battery power. Another approach is to introduce a certain offset for the start of the ra-ResponseWindow, in case of a satellite link. The advantage of this approach is that the interval to monitor the PDCCH could be the same as in a conventional terrestrial network. The concept of a timer offset is introduced in [7] and can be applied for timers at other protocol layers (see [8]). The propagation offset may be provided by the network by system information or may be preconfigured in the UE for the satellite link. 
Observation 1: 
A modification of the RAR message reception procedure is essential to support NTN.

Proposal 1: 
Introduce an offset in the amount of the RTD for the start of the ra-ResponseWindow 



in case of a satellite-link.

If all messages are successfully transmitted for the first time, the random access procedure roughly takes two times the round trip delay (RTD). The waiting time for the RACH resource, the UE and gNB processing times as well as the scheduling delay are neglected for simplicity, considering the length of the satellite propagation delay. 
Assuming a GEO based non-terrestrial access network with a transparent satellite (reference scenario A [5]), the RTD is 562ms. Therefore, the minimum duration of the random access procedure results in a latency of more than 2∙562ms = 1124ms. In case of a regenerative satellite in a GEO based non-terrestrial access network (reference scenario B [5]), the minimum duration of the random access procedure results in a latency of 2∙281ms = 562ms. 
If we consider a LEO based non-terrestrial access network at 600km, the duration of the Random Access procedure takes at least a latency of 2∙25.76 ms = 51.52ms for transparent or 2∙12.88ms = 25.76ms for regenerative satellites (reference scenarios C and D [5]). Since RACH preamble transmissions are not scheduled and collisions with other UEs may happen, the RACH preamble reception may fail. For each unsuccessful transmission an additional delay of one RTD adds to the overall procedure delay. 
The reliability of the RACH procedure may be improved by certain means e.g. assigning more RACH resources or by allowing the UE to always transmit with the maximum power. Overall we assume the 4-step RACH procedure can be supported by NTN with minor enhancements. Nevertheless, due to the 4-step handshake operation, the RACH procedure is dominated by the large propagation delay of the satellite link. Any enhancement of the existing RACH procedure may only result in marginal improvements of the overall delay. Therefore, we will discuss an alternative 2-step RACH procedure for NTN in the next section. 
3 Two Step RACH Procedure 
A 2-step RACH transmission as shown in Figure 2 has been discussed for Rel.15 to support low latency services, but was eventually not included in Rel.15. In this 2-step RACH procedure, a new combined Msg1 consists of both a preamble as well as uplink data, while a new combined Msg2 includes the RAR as well as some downlink data.
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Figure 2: 2-step RACH procedure
RAN2 already agreed that the 2-step RACH procedure will once again be considered in the standardisation of NR-Unlicensed (NR-U) in Rel.16. While for NR-U the benefits are primarily to reduce the number of Listen-Before-Talks (and thus the failure rate of the procedure), NTN can largely benefit from a 2-step RACH procedure due to the significant propagation delay of satellite air interfaces. 

There are many use cases for RACH procedures such as initial access, RRC state transitions, UL/DL data transmission, handover, tracking area updates or radio notification area updates, radio link re-establishment etc. In NTN each procedure will largely benefit from a reduced latency and can trigger such a 2-step procedure. Considering the possible delay reduction of the overall procedure for registration and for service requests from a user perception point of view, a 2-step RACH procedure has significant benefits and should therefore be studied as part of the study item. 

Observation 2:
A 2-step RACH procedure provides significant benefits in terms of latency for channel access in NTN. 

Proposal 2: 
2-step RACH procedure should be studied as part of the NTN SI. 
In case a 2-step RACH procedure is defined, the use of a 4-step RACH procedure in NTN is probably limited. The system complexity may benefit from making a 2-step RACH procedure mandatory for all UEs supporting NTN. However, in power limited cases the 4-step RACH procedure may still be required as fall back. Therefore, the modifications to support the 4-step RACH procedure in NTN, as discussed in 2.2, should be applied in any case.
A contention resolution mechanism must also be supported for the 2-step RACH procedure, the UE ID definitely needs to be included in the new combined message 1. The UE ID should uniquely identify the UE. 
Proposal 3:

If a 2-step RACH procedure is studied, it is assumed that a UE Identity will be included in the message 1 of the 2-step RACH procedure for contention resolution. 

Differently to NR-U, in NTN the timing advance will always be significant. Therefore, in a new 2-step procedure, the data part of the new message 1 cannot be sent in an orthogonal way. RAN1 will study the means how to send data with the initial RACH message. 
While progress will initially be hindered by the late start of RAN1 on NTN, the outcome of the work may well benefit from the progress of other Rel.16 work and study items. We suggest to study the content of message 1 and message 2 of the 2-step RACH procedure in the following meetings in coordination with RAN1. 
4 Conclusion and Proposals
In this document, we discussed the initial random access procedure in relation to NTN. We conclude that significant enhancements for satellite-links are only possible if the overall procedure is changed. The following observations and proposals are made: 

Observation 1: 
A modification of the RAR message reception procedure is essential to support NTN.

Proposal 1: 
Introduce an offset in the amount of the RTD for the start of the ra-ResponseWindow 



in case of a satellite-link.

Observation 2: 
A 2-step RACH provides significant benefits in terms of latency for channel access in NTN. 

Proposal 2: 
2-step RACH procedure should be studied as part of the NTN SI. 
Proposal 3: 
If a 2-step RACH procedure is studied, it is assumed that a UE Identity will be included in the message 1 of the 2-step RACH procedure for contention resolution. 

5 Proposed text 

Chapter 7 in 3GPP TR 38.821 [5] captures the RAN2 related content of the study item on solutions evaluation for NR to support NTN. We propose the following section on MAC layer for agreement. 

* * * Start of changes * * * * (NEW TEXT)

7.2

User plane enhancements 

7.2.1 
MAC 
7.2.1.1 
4-Step RACH Procedure 

The random access procedure specified in NR includes four messages: The UE starts the procedure by transmitting the Random Access Preamble (Msg1). The gNB answers with a Random Access Response (RAR) providing a temporary UE identity, a timing advance and an UL grant (Msg2). The following Layer 3 Message, originated at the UE, includes an RRC Connection Request message (Msg3). If the UE was assigned a new C-RNTI, the gNB resolves any possible collision by including a UE contention resolution identity in Msg4. 
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Figure 1: NR 4-step RACH procedure

7.2.1.1.1 
Problem statement

After transmitting the Random Access Preamble, the UE monitors the PDCCH for the Random Access Response (RAR) message.  The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission.  If no valid response is received during the ra-ResponseWindow, a new preamble is sent. If a certain number of preambles have been sent, an appropriate random access problem will be indicated to upper layers.  

The ra-ResponseWindow starts at the first symbol of the earliest control resource set the UE is configured for Type1-PDCCH common search space. The size of the response window can be configured by the RRC layer. Possible values are 1, 2, 4, 8, 10, 20, 40 or 80 slots. However, the network configures always a value lower than or equal to 10ms. Accordingly, the maximum interval size between transmission and reception is 10ms plus a fraction of it for the time between the transmission of the preamble and the configuration of a control resource in the PDCCH. For NTN this interval is definitively to short, since the RTD (26ms for LEO or 562ms for GEO) is many times larger than this value. Therefore, a UE will never get any valid indication where it is allowed to transmit data because the message will always arrive at the UE, when it no longer expects a corresponding allocation message.

7.2.1.1.2 Possible Solution  

One solution is to introduce a propagation offset for the start of the ra-ResponseWindow, in case of a satellite link. The advantage of this approach is that the interval to monitor the PDCCH could be the same as in a conventional terrestrial network. The propagation offset may be provided by the network by system information or may be preconfigured in the UE for the satellite link.  

7.2.1.2 
2-Step RACH Procedure 

A 2-step RACH procedure provides significant benefits in terms of latency for channel access in NTN. In this 2-step RACH procedure, a new combined Msg1 consists of both a preamble as well as uplink data, while a new combined Msg2 includes the RAR as well as some downlink data. 
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Figure 2: NR 2-step RACH procedure
Contention resolution is supported for the 2-step RACH procedure. A UE ID is included in the new combined message 1. The UE ID uniquely identifies the UE. 
7.2.2 
RLC
7.2.3 
PDCP
7.2.4
SDAP

7.3

Control plane enhancements 

* * * End of changes * * * * (NEW TEXT)
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