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Introduction

Random Access is a critical procedure in communication system, which help UE to get uplink synchronized to the network so that normal uplink/downlink transmission can be correctly scheduled. In this paper we will discuss NTN’s impact on Random Access procedure, and ways to handle the issue raised.
Discussion

RAR window
	Agreements in RAN2#105

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.


It’s agreed in RAN2#105 that an configurable offset will be introduced to delay the start pf ra-ResponseWindow to accommodate different scenarios with different delays. Also RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN. In the following section we’ll discuss the necessity to extend the window and alternatives to deal with it.  
2Figure -1
 illustrates a corner case where a UE with minimum delay to BS (i.e. locates at nadir) and a UE with maximum delay to BS (locates at cell edge) initiate RACH using the same time-frequency resource. Assuming RAR window is started after a common delay, i.e. 1 minimum RTD, then in order to ensure both UE can receive their RARs, the RAR window shall at least covers 2*differential delay, where differential delay equals maximum delay minus minimum delay.
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Figure 2-1 RAR window in NTN 

Considering the worst case listed in Table 4.2-2, RAR window shall be extended to 32 ms for 16 ms differential delay, which is way larger than defined maximum RAR window in current specs. If the length of RAR window is not extended, then some UE within the cell will not receive RARs intended for them even though their preamble have been well received and BS has already granted PUSCH resource for them. Thus those UE can only re-initiate RACH after RAR window expires, which will lead to increment of total RACH attempts a UE is required to access to the cell. Considering the large RTD in NTN, more RACH attempts will also result in increasing of access delay. Also the granted PUSCH will not be used since the RAR is not received, which is a waste of both RACH resource and PUSCH resource. 

Observation 1: Insufficient RA response window length might cause some UE within the cell cannot receive their intended RA responses, leading to the increasing of access delay and waste of RACH opportunities and PUSCH resource. 
It’s noted that insufficient RAR window length has non negligible negative impact on overall RACH performance. To guarantee that UE within the cell can have the opportunity to receive their intended RARs,  the time for UE to monitor RA response shall be extended in NTN with following alternatives to be considered:
Alt1: Extend RA response window length

Alt2: Configure multiple RA response window

For alt1, since RA-RNTI calculation is used to differentiate ROs that within a 10-ms window length, modification on RA-RNTI formula might be needed when the length of RAR window is extended.  

For alt2, more than one RA response window can be configured for monitoring RAR with RA-RNTI formula remain untouched. If UE doesn’t receive RA response correspondent to the transmitted Msg1/MsgA, it will continue to monitor RA response in the subsequent RA response window that configured. 

Proposal 1: To extend the time for UE to monitor RA response in NTN and the following alternatives can be considered for further study:

Alt1: Extend RA response window length

Alt2: Configure multiple RA response window
Timing Advance

In the existing system, the proper TA for UL transmission is guaranteed in via both RACH procedures and MAC-initialized TA refinement. However, performance degradation can be foreseen on these approaches with consideration of the characteristics for NTN communication, e.g., extensive coverage, high mobility and large RTT.

More specifically, for the RACH-way, since the TA value will be obtained by the BS via detection of preamble and corresponding value will be indicated in RAR, the feasibility on this way highly depends on the design of preamble, which is mainly based on assumption of certain cell size or coverage of BS. In the NTN system as shown in Figure 1, large coverage than terrestrial system is observed and the maximal distance between two UEs in cell edge will be changed since the pattern of footprint of beam/cell will be different along the movement of satellite and influence of terrestrial.
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Figure 2-2 Illustration of coverage of NTN with common TA
In this case, for the initial access, the design for RACH will be complicated and large resource overhead will be expected to support both large number of terminal and longer propagation delay if no assisting information is provided, especially for the normal terminal without capability for TA calculation and limited accuracy on positioning even with known of the constellation/ephemeris. Then, introduction of the common TA part, which is determined by L2 shown in Figure 1, via broadcasting way will be beneficial. 

Proposal 2: Broadcasting the common TA for assisting the RACH procedure can be considered.

The length of L2 is continuously changing due to the movement of satellite, thus the common TA shall be a configurable parameter to adapt to the changing of L2. Together with the broadcast of common TA, a validity period can be broadcasted as well, and the broadcasted common TA is considered valid during this period. 

The update of common TA in system information can be very frequent due to the fast movement of satellite,which will increase unnecessary signaling overhead, especially for UEs which does not initiate RACH since the common TA part is only for assisting the RACH procedure. To cope with this problem, the update of common TA in system information shall not result in system information change notifications. At each RACH attempt UE is required to read common TA value in system information if broadcasted common TA is considered invalid.

Proposal 3: Update of common TA in system information shall not result in system information change notifications.

Although the TA can be pre-compensated by introducing a common TA, TA to be adjusted in initial access still needs to cover the worst case, where differential delay is up to 16 ms. According to current specs, TTA to be adjusted by TA indicator is RAR , which is computed as follows:
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Where Tc is the basic time unit defined in NR, NTA_offset either equals default value as defined in 38.133 Table 7.1.2-2 (maximum equals 25600) or can be provided by high layer parameters n-TimingAdvanceOffset for RACH (maximum is 39936), TA in RAR is a 12 bits parameter ranging from 0 to 3846. Thus the maximum TTA can be adjusted assuming SCS=15 kHz is:
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If we increase the TA value in RAR without extending the bitwidth of TA parameter, which is 4095, then the timing advance can be adjusted can only be extended to 2.15 ms. As analyzed, even with full bitwidth used, the maximum TA range can be adjusted by TA indicator in RAR is too small to compensate the differential delay in NTN. Without correct timing advance adjustment, it will be impossible for network to guarantee in order transmission in both uplink and downlink. Thus we propose to extend the bitwidth of TA in RAR for NTN.
Observation 2: Even with full bitwidth used, the maximum TA range can be adjusted by TA indicator in RAR is still too small to compensate the differential delay in NTN. 
Proposal 4: Consider extend the bitwidth of TA indicator included in RA response for NTN.
For the MAC CE based TA refinement, as the UE-specific solution, the overhead of signaling and validity of indicated value for adjustment will be determined on the changes rate of TA, which is mainly impacted by the movement of satellite together with the large RTT. Moreover, from network perspective, the overhead will be even higher with more serving UEs than terrestrial system.

In this case, potential enhancement with consideration on the typical feature of NTN communication system can be considered. More specifically, even the mobility of satellite is higher, the prediction on the relative distance between terminal and satellite is still predictable based on the trajectory. Then, the change rate of TA w.r.t certain time granularity can be obtained at BS side, which can be indicated to UE for TA adjustment. For ensuring the efficiency of this solution, updates mechanism on the parameter should also be considered.

Additionally, in some typical scenarios of NTN, e.g., IoT, the fixed terminal will allocated within same area, same behavior on the TA changes will almost be shared by these UEs, and further reduction on the signaling can be achieved by using the group-specific signaling instead of UE specific way. Details on how to group and signaling design can be discussed.

Proposal 5: Indication of changes rate of TA can be considered for reducing the signaling overhead and keeping the validity of TA adjustment.

Proposal 6: Mechanism for group based TA adjustment can be discussed for enhancing the system efficiency.
timeAlignmentTimer

timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned. According to 38.331, the length of timeAlignmentTimer can be configured as [500 ms, 750 ms, 1280 ms, 1920 ms, 2560 ms, 5120 ms, 10240 ms, infinity], which is sufficient for NTN, thus no modification on timeAlignmentTimer is needed.

Proposal 7: No modification is needed for TimingAlignment timer.   

Power Control
Open loop power control method is adapted for RACH in current specs. The initial preamble transmission power is configured by preambleReceivedTargetPower: For each failure attempts, UE will increase transmission power by a power ramping factor defined by powerRampingStep or powerRampingStepHighPriority until reaches configured maximum transmission power. 
In order to overcome the large path loss caused by the long propagation distance in NTN, some companies have proposed to always send preamble using the configured maximum transmission power. Although this approach can help increase the receiving power at BS to guarantee the required SNR for decoding, to always use maximum transmission power can severe the interference between different users. Since pathloss is highly related to RTD, network can configure a higher preambleReceivedTargetPower for scenarios with larger RTD which can as well achieve similar purpose. 

Current power ramping mechanism has already proven to be an efficient way for power control in RACH, since there is not clear gain in other method, to minimize the impact on protocol we propose to reuse current power control design for Random Access procedure in NTN.
Proposal 8: To reuse the power ramping mechanism for Random Access procedure in NTN.
Conclusion

In this paper we discussed NTN’s impact on RACH, based on above discussions we propose the following:

RAR window:
Observation 1: Insufficient RA response window length might cause some UE within the cell cannot receive their intended RA responses, leading to the increasing of access delay and waste of RACH opportunities and PUSCH resource. 
Proposal 1: To extend the time for UE to monitor RA response in NTN and the following alternatives can be considered for further study:

Alt1: Extend RA response window length

Alt2: Configure multiple RA response window

Timing Advance:
Proposal 2: Broadcasting the common TA for assisting the RACH procedure can be considered.
Proposal 3: Update of common TA in system information shall not result in system information change notifications.

Observation 2: Even with full bitwidth used, the maximum TA range can be adjusted by TA indicator in RAR is still too small to compensate the differential delay in NTN. 
Proposal 4: Consider extend the bitwidth of TA indicator included in RA response for NTN.
Proposal 5: Indication of changes rate of TA can be considered for reducing the signaling overhead and keeping the validity of TA adjustment.

Proposal 6: Mechanism for group based TA adjustment can be discussed for enhancing the system efficiency.

Proposal 7: No modification is needed for TimingAlignment timer.   

Power control:
Proposal 8: To reuse the power ramping mechanism for Random Access procedure in NTN.
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