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1 Introduction
In previous meetings, RACH procedure in NTN has been discussed and after RAN2#106, an email discussion was left to make a way forward for RACH [1]. During the email discussion, random access with UE location information was analyzed and the following description is specified in the proposed TP:

	7.2.1.x.3.2 Random access with UE location information
For UE with UE location information, FFS if and how the UE can estimate and apply the initial timing advance, including the information that will be required by the UE, e.g., dynamic information of each satellite beam/cells time distribution, or the beam distance to cell/coverage nadir centre in case of multi-beam/cell scenario.


In this contribution, we will investigate how the UE with location information performs random access procedure based on estimated TA.
2 Discussion
In non-terrestrial network, for UE without location information, proper RACH configuration should be made by gNB which will decrease RACH capacity, as indicated in [1]. For UE with location information, however, legacy RACH configuration can be reused and the RACH capacity will not be reduced. As showed in Figure 1, if TA can be estimated before MSG1, preambles of the same RO from two UEs with different distance to gNB can be arranged to reach gNB at the same time.
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Figure 1. Preambles of the same RO from different UEs
The overall RACH procedure for UE with location information is illustrated in Figure 2.

[image: image2.emf]UE estimates 

and applies TA

MSG1

MSG2 MSG3 MSG4

UE applies

the correction TA 


Figure 2. Overall RACH procedure for UE with location information
There are four steps for the RACH procedure:

1)  MSG 1 Transmission: UE estimates and apply TA based on UE location information and satellite ephemeris data.
2)  MSG 2 Reception: UE applies an offset which is related to the estimated TA before starting the RAR window. Once RAR is received, UE applies the finer TA adjustment carried by RAR. 
3)  MSG 3 scheduling: As the gNB doesn’t know about UE’s TA, when scheduling MSG3, gNB has to assume the UE to be the farthest one, in case there is not enough processing time left for UE as indicated in [2]. Therefore an offset equal to the maximum delay should be indicated to the UE before the transmission of MSG3.  
4)  TA transmission: For the subsequent data scheduling, UE should report its TA to the gNB. Then both UE and gNB know the TA and can perform normal communication.
Proposal 1: Take the above 4-step RACH procedure as baseline for UE with location information. 
Proposal 2: Adopt the text proposal in the annex.
3 Conclusions
The paper discussed and made the following proposals:
Proposal 1: Take the above 4-step RACH procedure as baseline for UE with location information. 
Proposal 2: Adopt the text proposal in the annex.
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5 Text proposal
7.2 User plane enhancements 

7.2.1 MAC

7.2.1.x Random Access

7.2.1.x.3 Random access with and without UE location information

7.2.1.x.3.2 Random access with UE location information
The overall 4-step RACH procedure for UE with location information is illustrated in Figure 7.2.1.x.3.2.1.


[image: image3.emf]UE estimates 

and applies TA

MSG1

MSG2 MSG3 MSG4

UE applies

the correction TA 


Figure 7.2.1.x.3.2.1 Overall RACH procedure for UE with location information
There are four steps for the RACH procedure:

1)  MSG 1 Transmission: UE estimates and apply TA based on UE location information and satellite ephemeris data.
2)  MSG 2 Reception: UE applies an offset which is related to the estimated TA before starting the RAR window. Once RAR is received, UE applies the finer TA adjustment carried by RAR. 
3)  MSG 3 scheduling: As the gNB doesn’t know about UE’s TA, when scheduling MSG3, gNB has to assume the UE to be the farthest one, in case there is not enough processing time left for UE as indicated in [2]. Therefore an offset equal to the maximum delay should be indicated to the UE before the transmission of MSG3.  
4)  TA transmission: For the subsequent data scheduling, UE should report its TA to the gNB. Then both UE and gNB know the TA and can perform normal communication.
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