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[bookmark: _Ref298777854]Introduction
A new RAN1 SI on solutions for NR was approved in RAN plenary meeting #80, to support non-terrestrial network (NTN) [1] . The objective of the SI as far as physical layer is concerned is as the following: 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
•	Physical layer control procedures (e.g. CSI feedback, power control)
•	Uplink Timing advance/RACH procedure including PRACH sequence/format/message
•	Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In RAN2 #104 the following was agreed too [2]:
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.
4: 	RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN.
5: 	The ra-ContentionResolutionTimer should be modified to support NTN.
6:	Introduce an offset for the start of the ra-ContentionResolutionTimer for NTN.
7:	A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN.
…
In this contribution, we discuss some challenges and considerations for NTN initial access procedure.  We also go over some necessary modifications to adapt RACH procedures for NTN.
Initial access for NTN
Initial access NTN can follow 4-step signaling as described in Figure 1. 


[bookmark: _Ref4160482]Figure 1: 4-step signaling based initial access procedure
In the figure, the UE at first performs DL synchronization by reading MIB and SIB1. By reading SIB1, the UE determines a resource to send preamble (Msg1) to the network to indicate its intention to access the network. If the network receives Msg1 correctly, it will send a random access response message (Msg2) scrambled with RA-RNTI to the UE. The UE, after sending Msg1, may monitor Msg2 from the network using RA-RNTI to descramble the message. RA-RNTI is calculated as a function of time and frequency of the PRACH resource to transmit Msg1. Msg2 may contain TA, TC-RNTI, power adjustment, and the resource for the UE to send Mgs3. The UE then transmits its identity and initial access establishment (Msg3) to the network in the grant scheduled in Msg2. Finally, the network may notify the UE of the completion of the initial access procedure via Msg4. Otherwise, the UE may determine that the initial access procedure is failed.
For initial access for NTN, high round-trip time RTT (e.g., up to 600ms for GEO) and a large difference in propagation delay (e.g., up to 16ms for GEO) are two main factors to consider in initial access. Since NTN targets to support both GNSS-based and non-GNSS-based UEs [3], in the following we describe different aspects to consider for each type of UEs. 
Non-GNSS-based UE
For NR multiple beam operation, SSB and PRACH association rule allows the UE to indicate the preferred SSB in by selecting an appropriate PRACH occasion and PRACH preamble. Specifically, the UE may determine the PRACH occasion and index for its preferred SSB by following rules [4]:
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots.
Due to large differences in propagation delay in NTN, using the same rules for SSB and PRACH association as in NR cannot allow the UE to indicate its preferred SSB in Msg1. If the time interval among two PRACH occasions associated with two SSBs is smaller than the difference in propagation delay, then the network is not able to distinguish between two transmissions targeting two SSBs.    
[bookmark: _Hlk4762484]Proposal 1: Association rules between SSB and PRACH occasions should be revisited to allow the UE to report its preferred SSB in Msg1.
One SSB can be associated with multiple PRACH occasions in different time instances. Each PRACH occasion will be associated with a distinctive RA-RNTI, which is used by the UE descrambled a DCI schedule Msg2 transmission. However, the network is not able to distinguish between two PRACH occasions in the same frequency, if its time resolution is smaller than the maximum difference in the propagation delay. 
Proposal 2: RAN1 should study the mechanism to allow the network to distinguish the different PRACH occasions sent by UEs.
GNSS-based UE
GNSS-based UE is able to determine the uplink timing of the network. Therefore, it can adjust its transmission time to transmit Msg1 in a configured resource. However, since the UE adjusts its transmission time in Msg1, the network is not aware of the UE’s transmission delay. Therefore, when the network schedules a resource for Msg3 transmission, it has to consider the worst case transmission delay. This approach will further delay the initial access procedure of the UE. Alternatively, the UE may implicitly report its timing advance information to the network in Msg1 by selecting different sets of preamble indices or PRACH resources. 
Proposal 3: For GNSS-based UEs, reporting of timing advance to the network should be considered in NTN to support Msg3 scheduling.

RACH procedure modifications

For non-terrestrial networks, RTT can be much larger than that for terrestrial networks (up to 600 ms for the case of GEO satellites, with bent pipe architecture). The current  window for the PRACH response in NR which starts at  symbols after transmitting the last symbol of the preamble and has the size of “rar-WindowLength” (which is limited by 10 ms) cannot cover this round-trip time.
[bookmark: _Hlk4738176]In the last RAN2 meeting [2], it is already agreed that because of large RTT in NTN, the “ra-ResponseWindow” should be modified to support NTN.  The agreed solution is to introduce  an offset for the start of the ra-ResponseWindow for NTN and “the offset shall be configurable to accommodate different scenarios” [2]. It is also agreed to study if other modifications are needed for the RACH response window.  
The issue is that although the time offset compensates the common portion of RTT (for the whole sattelite footprint), it cannot compensate the variation of RTT inside the footprint. The variation of RTT, which depends on the footprint size and also the angle of arrival, may be around 10ms in some scenarios. Therefore, also the length of the RACH response window needs to be modified.
[bookmark: _Hlk4763082]Proposal 4: NR should support the option of configurable length for “ra-ResponseWindow” to accommodate different NTN scenarios.
· FFS: explicit configuration or implicit indication based on SIB parameters.
Another issue is to design new PRACH formats with appropriate length of preamble and CP and guard time to be compatible with non-terrestrial communication needs (including large round-trip ambiguity) and have appropriate signaling mechanism for its configuration. The PRACH format identifies the preamble sequence length (and the option of its repetition) and the length of CP and guard time and also the subcarrier spacing. Appropriate length of CP and guard time depends on the RTT variation (or the round-trip time ambiguity). On the other hand, preamble sequence repetition and subcarrier spacing affect the coverage. For NTN, depending on the architecture and the type of the non-terrestrial gNodeB (or bent pipe) there is a wide range of round-trip time ambiguity and also coverage requirements (based on very different noise budgets for the uplink). This wide range of selection may require too many PRACH formats and excessive required signaling in SIB.
[bookmark: _Hlk4763094]Proposal 5: New PRACH formats should be considered in NR to address the round-trip time variation and coverage issues of NTN.

Summary
In this contribution, we discussed NTN initial access for both GNSS-based and non-GNSS-based UEs, according to which we made the following proposals:
Proposal 1: Association rules between SSB and PRACH occasions should be revisited to allow the UE to report its preferred SSB in Msg1.
Proposal 2: RAN1 should study the mechanism to allow the network to distinguish the different PRACH occasions sent by UEs.
Proposal 3: For GNSS-based UEs, reporting of timing advance to the network should be considered in NTN to support Msg3 scheduling.
[bookmark: _GoBack]We also shared our views on the necessary modifications to adapt RACH procedures for NTN with the following proposals: 
Proposal 4: NR should support the option of configurable length for “ra-ResponseWindow” to accommodate different NTN scenarios.
· FFS: explicit configuration or implicit indication based on SIB parameters.
Proposal 5: New PRACH formats should be considered in NR to address the round-trip time variation and coverage issues of NTN.
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