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1 Introduction

In RAN2#106 meeting, RACH capacity and procedures were discussed, and the following e-mail discussion has been held to further discuss the potential issues in RACH and collect possible solutions.
·  [106#70][NR/NTN]  RACH capacity/procedures ( ZTE )


Intended outcome:  TP capturing capacity and possible solutions to be included in the TR 


Deadline:  June 28/2019

In this paper, we further discuss the issue related to RAR window in NTN that is not included in the e-mail discussion.
2 Discussion
In the random access procedure, after the transmission of Msg1, UE starts to monitor the PDCCH for Msg2 (i.e. RAR) within the duration of ra-ResponseWindow. According to the MAC specification:
1>
if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while ra-ResponseWindow is running.

1>
else:

2>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.

In terrestrial NR, the cell coverage is relative small, and the RTD between UE and network is small, so UE starts to monitor the PDCCH for Msg2 at the first PDCCH occasion after Msg1 transmission. The configuration of ra-ResponseWindow mainly considers the delay for processing Msg1 and scheduling Msg2 by network.
Observation 1 The configuration of ra-ResponseWindow mainly considers the delay for processing Msg1 and scheduling Msg2 in NR.
In NTN, the maximum RTD is 541.46 ms for GEO and 25.77 ms for LEO. Due to the large propagation delay, after Msg1 transmission, UE shall not receive Msg2 immediately, so in RAN2#105 the following agreements were made.
Agreements

 1:
The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt the user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded. 

2: 
The ra-ResponseWindow should be modified to support NTN.

3: 
Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.
In NTN, it was agreed that two different UE categories (i.e. with and without GNSS support) will be studied. Based on our understanding, for a UE without GNSS support and a UE with GNSS support, the different ra-ResponseWindows and the offsets for the start of ra-ResponseWindow should be used. The configuration of the ra-ResponseWindow and the offset for the start of ra-ResponseWindow, as well as how a UE uses the configuration are shown in figure1.
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Figure 1 RAR window in NTN

For the configuration of the offset for the start of ra-ResponseWindow, it should consider the propagation delay of Msg1 plus Msg2 (i.e. a RTD) between UE and the satellite. In order to ensure all the UEs in a cell with different RTD could receive Msg2 within the ra-ResponseWindow, the offset for the start of ra-ResponseWindow broadcasted by network should be equal to the minimum RTD, where the minimum RTD is determined based on the terrestrial location with a minimum distance to the satellite within the satellite coverage.

Proposal 1 Network broadcasts an offset for the start of ra-ResponseWindow based on the minimum RTD within the satellite coverage.
For the configuration of ra-ResponseWindow, in order to ensure all the UEs in a cell with different RTD could receive Msg2 within the ra-ResponseWindow, network should broadcast a long ra-ResponseWindow, the value of which is at least maximum differential RTD within the satellite coverage. In additional, considering that for a UE with GNSS support, the UE could estimate the RTD by itself. If a UE with GNSS support use the broadcasted long ra-ResponseWindow, it will cause unnecessary UE power consumption. So network should broadcast another short ra-ResponseWindow, the value of which depends on the delay for processing Msg1 and scheduling Msg2 by network as the current terrestrial NR. 
Proposal 2 Network broadcasts two different length of ra-ResponseWindows, for UE with and without GNSS support respectively.
For a UE without GNSS support, e.g. UE2 in figure1, the UE could not know the RTD between the UE and the satellites, so the UE shall use the broadcasted offset value as the offset for the start of ra-ResponseWindow, and use the broadcasted long ra-ResponseWindow as the ra-ResponseWindow. 
For UE with the UE location information, e.g. UE1 and UE3 in figure1, the UE could know the RTD between the UE and the satellites, so in order to save UE power, the UE should use the estimate the RTD as the offset for the start of ra-ResponseWindow, and use the broadcasted short ra-ResponseWindow as the ra-ResponseWindow. 

Proposal 3 A UE without GNSS support shall use the broadcasted offset value as the offset for ra-ResponseWindow.

Proposal 4 A UE with GNSS support shall use the estimated the RTD as the offset for ra-ResponseWindow. 

3 Conclusion

Based on the discussion we propose the following:
Proposal 1
Network broadcasts an offset for the start of ra-ResponseWindow based on the minimum RTD within the satellite coverage.
Proposal 2
Network broadcasts two different length of ra-ResponseWindows, for UE with and without GNSS support respectively.
Proposal 3
A UE without GNSS support shall use the broadcasted offset value as the offset for ra-ResponseWindow.
Proposal 4
A UE with GNSS support shall use the estimated the RTD as the offset for ra-ResponseWindow.
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