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1 Introduction
After RAN2#107 meeting, the following e-mail discussion has been held to discuss the potential issues in RACH and collect possible solutions.

· [107][NR/NTN] RACH capacity evaluation and procedures ( ZTE)


Intended outcome: TP on RACH capacity and procedure evaluation taking into account the new assumption 


Deadline:  Thursday before the meeting

In this paper, we further discuss some left issues about RACH procedure in NTN based on UE capability, i.e. with or without GNSS support.
2 Discussion  
2.1 Time advance during RACH
In NR random access procedure, UE transmits preamble with timing advance offset which is broadcasted in SIB1 as following: 
-- ASN1START

-- TAG-SERVINGCELLCONFIGCOMMONSIB-START

ServingCellConfigCommonSIB ::=      SEQUENCE {

    downlinkConfigCommon                DownlinkConfigCommonSIB,

    uplinkConfigCommon                  UplinkConfigCommonSIB                                       OPTIONAL, -- Need R

    supplementaryUplink                 UplinkConfigCommonSIB                                       OPTIONAL, -- Need R

    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                           OPTIONAL, -- Need S
    ssb-PositionsInBurst                SEQUENCE {

        inOneGroup                          BIT STRING (SIZE (8)),

        groupPresence                       BIT STRING (SIZE (8))                                   OPTIONAL  -- Cond Above6GHzOnly

    },

    ssb-PeriodicityServingCell          ENUMERATED {ms5, ms10, ms20, ms40, ms80, ms160},

    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                      OPTIONAL, -- Cond TDD

    ss-PBCH-BlockPower                  INTEGER (-60..50),

    ...

}

If the field of “n-TimingAdvanceOffset” in SIB1 is absent, UE applies with the value defined in 38.133 depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR).
With received random access preamble, network derives the timing advance for uplink frame timing adjustment and indicate UE through random access response. The Timing Advance Command indicates the index value of TA used to control the amount of UL timing adjustment at UE side.
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Figure 1: MAC RAR
Based on the TA offset in SIB 1 as well as the TA command in RAR, UE derives the timing advance as defined in 38.211 for the following uplink transmission.
In current specification, the timing advance is derived from the UL received timing and sent by the eNB to the UE which the UE uses to advance/delay its timings of transmissions to the eNB so as to compensate for propagation delay. In NTN, it was agreed that two different UE categories (i.e. with and without GNSS support) will be studied. 
For UE with GNSS support, UE location can be determined by GNSS positioning. In the regenerative satellite case, TA depends on the distance of serving link and it can determined by UE based on UE position and satellite ephemeris. In the transparent satellite case, TA comprises the distance of serving link and the distance of feeder link. Since the location of terrestrial station may be invisible to the UE, UE can only estimate the TA part related to the distance of serving link. For the TA part related to feeder link, it should be either broadcasted by network or compensated at network side.
Observation 1 Timing advance related to serving link can be estimated with UE position information and satellite ephemeris. 
Proposal 1 For regenerative satellite, UE with GNSS support transmits preamble with estimated TA instead of TA offset which is broadcasted in system information.

Proposal 2 For transparent satellite, timing advance related to feeder link should be either broadcasted or compensated at network side.
For the UE without GNSS positioning capability, UE can follow the legacy procedure to estimate its TA, i.e. UE apply the TA offset which is broadcasted in system information for random access preamble transmission, and adjust the TA based on the TA command carried in RAR.
Proposal 3 For UE without GNSS support，UE transmits random access preamble based on TA offset which is broadcasted in system information.

Once UE transmit random access preamble with either TA offset broadcasted in system information (i.e. for UE without GNSS support) or TA estimated by UE itself (i.e. for UE with GNSS support), the UE-specific TA is further refined based on the TA command sent by network. While the timing adjustment indicated by TA command in RAR may be differ for NTN due to large coverage and propagation delay. For instance, the UE without GNSS support can only apply the TA offset broadcast by network, legacy TA command may not be sufficient for compensating such large propagation delay. Thus the value range of timing advance in random access response needs to be extended to compensate the UE-specific delay in NTN. On the other hand, if UE apply the TA estimated with distance between UE and satellite for preamble transmission, the current value range of timing advance in random access response would be sufficient.
Observation 2 Legacy value range of timing advance in random access response is not sufficient for compensating the propagation delay in NTN for UE with and without GNSS support.
Proposal 4 Different value range of TA command in RAR is defined for UE with and without GNSS support, respectively.
2.2 ra-ResponseWindow configuration
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 3 The configuration of ra-ResponseWindow mainly considers the delay for processing Msg1 and scheduling Msg2 in NR.
In NTN, 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.
Based on our understanding, for a UE without GNSS support and a UE with GNSS support, the different lengths of ra-ResponseWindow 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 network. 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 network within the cell.

Proposal 5 Network broadcasts an offset for the start of ra-ResponseWindow based on the minimum RTD within the cell.
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 6 Network broadcasts different length of ra-ResponseWindow 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 7 A UE without GNSS support shall use the broadcasted offset value as the offset for ra-ResponseWindow.

Proposal 8 A UE with GNSS support shall use the estimated the RTD as the offset for ra-ResponseWindow. 

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Timing advance related to serving link can be estimated with UE position information and satellite ephemeris. 
Observation 2    Legacy value range of timing advance in random access response is not sufficient for compensating the propagation delay in NTN especially for UE without GNSS support.
Observation 3
Legacy value range of timing advance in random access response is sufficient for compensating the propagation delay in NTN especially for UE with GNSS support.

Observation 4    The configuration of ra-ResponseWindow mainly considers the delay for processing Msg1 and scheduling Msg2 in NR.


Based on the observations, we propose:
Proposal 1
For regenerative satellite, UE with GNSS support transmits preamble with estimated TA instead of TA offset which is broadcasted in system information.
Proposal 2
For transparent satellite, timing advance related to feeder link should be either broadcasted or compensated at network side.
Proposal 3
For UE without GNSS support，UE transmits random access preamble based on TA offset which is broadcasted in system information.
Proposal 4
Different value range of TA command in RAR is defined for UE with and without GNSS support, respectively.
Proposal 5
Network broadcasts an offset for the start of ra-ResponseWindow based on the minimum RTD within the cell.
Proposal 6
Network broadcasts different length of ra-ResponseWindow for UE with and without GNSS support respectively.
Proposal 7
A UE without GNSS support shall use the broadcasted offset value as the offset for ra-ResponseWindow.
Proposal 8
A UE with GNSS support shall use the estimated the RTD as the offset for ra-ResponseWindow.
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