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Introduction

	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 this paper we’ll discuss the necessity to extend the window and alternatives to deal with it.  

Discussion

2Figure -1
 illustrates an worst case where a UE with minimum one way transmission delay to BS and a UE with maximum one way transmission delay to BS (e.g. locates at cell edge) initiate RACH using the same time-frequency resource. It’s agreed in RAN2#105 a configurable offset will be introduced to delay the start of RAR window to compensate the propagation delay within NTN. 

Assuming the offset equals to 2* minimum delay and neglecting the process delay between reception of preamble and transmission or RA Response at gNB side, it can be observed from 2Figure -1
 that the RAR monitoring duration shall at least cover 2*maximum differential delay or RAR for UE will fall out of RAR window, where maximum differential delay is defined as maximum one way delay minus minimum one way delay.  
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Figure 2-1 RAR window in NTN 

Observation 1: Without consideration on gNB processing delay, the duration for RAR monitoring shall at least cover 2*maximum differential delay within the beam to guarantee RARs within the cell can fall into RAR monitoring window. 
Considering the worst case in GEO where maximum differential delay equals to 16 ms, the duration for RAR monitoring shall be extended to 32 ms minimum, which is way larger than the maximum RAR window supported in current specs. 

Observation 2: The maximum required RAR monitoring duration is 32 ms (for GEO with differential delay up to 16 ms), which extensively exceeds the maximum RAR window length defined in current specs (10 ms).
If the length of RAR monitoring duration is insufficient, 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, which degrades the coverage of RACH procedure. Moreover, UE might need to 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 transmission delay 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. Therefore, the time duration for UE to monitor the RA response shall be extended to minimize the impact of significant transmission delay on RACH performance.

Observation 3: Insufficient RA response window length might cause some UE within the cell cannot receive their intended RA responses, leading to degrade of RACH coverage and increment of access delay, which is also a waste of RACH opportunities and PUSCH resource. 

Proposal 1: The time duration for UE to monitor the RA response shall be extended to minimize the impact of significant transmission delay on RACH performance.
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 following alternatives can be considered extend the time for UE to monitor RA response:
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.

Observation 4: Extending RAR window length requires modification on formula on RA-RNTI as well as increment on the RA-RNTI range.   

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. When multiple RAR windows are configured, additional indication in either DCI or RAR might be required for UE to be able differentiate RAR windows configured for monitoring RARs in respond to preambles transmitted in different ROs, which will increase overhead in DCI or modification on RAR MAC PDU format. 
Observation 5: Configuring multiple RA response windows will result in more overhead in DCI or modification on RAR MAC PDU format.

It can be observed that both alternatives have impact on specifications, thus we kindly ask RAN2 to further study the details of both alternatives for extending the RAR monitoring duration.
Proposal 2: RAN2 further study following alternatives for extending RAR monitoring duration:

Alt1: Extend RA response window length

Alt2: Configure multiple RA response window

Conclusion

In this paper we discussed NTN’s impact on RAR window configuration, based on above discussions we have following observations and proposals:

Observation 1: Without consideration on gNB processing delay, the duration for RAR monitoring shall at least cover 2*maximum differential delay within the beam to guarantee RARs within the cell can fall into RAR monitoring window. 

Observation 2: The maximum required RAR monitoring duration is 32 ms (for GEO with differential delay up to 16 ms), which extensively exceeds the maximum RAR window length defined in current specs (10 ms).
Observation 3: Insufficient RA response window length might cause some UE within the cell cannot receive their intended RA responses, leading to degrade of RACH coverage and increment of access delay, which is also a waste of RACH opportunities and PUSCH resource. 

Proposal 1: The time duration for UE to monitor the RA response shall be extended to minimize the impact of significant transmission delay on RACH performance.
Observation 4: Extending RAR window length requires modification on formula on RA-RNTI as well as increment on the RA-RNTI range.  

Observation 5: Configuring multiple RA response windows will result in more overhead in DCI or modification on RAR MAC PDU format.

Proposal 2: RAN2 further study following alternatives for extending RAR monitoring duration:

Alt1: Extend RA response window length

Alt2: Configure multiple RA response window

Text Proposal
/* Unchanged text omit /*

7.2.1 
MAC

Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure

Editor’s note: Discussion on 2-step RACH will be postponed until the procedures are more stable
Editor’s note: Both options (enhancing HARQ and disabling HARQ) will be studied
7.2.1.1
Random Access

7.2.1.1.1
4-Step RACH Procedure

Problem Statement

After transmitting the Random Access Preamble (Msg1), the UE monitors the PDCCH for the Random Access Response (RAR) message (Msg2).  The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission. If no valid response is received during the ra-ResponseWindow, a new preamble is sent. If more than a certain number of preambles have been sent, a random access problem will be indicated to upper layers. [TS 38.321] 

In terrestrial communications, the RAR is expected to be received by the UE within a few milliseconds after having sent the preamble. In NTN the propagation delay is much larger and therefore, the RAR cannot be reached at the UE within the specified time interval. Therefore, the behavior of ra-ResponseWindow should be modified to support NTN.
Without consideration on gNB processing delay, the duration for UE to monitor RA Response shall at least cover 2*maximum differential delay otherwise some UE within the cell cannot receive their intended RARs, leading to degrade of RACH coverage and increment of access delay, which is also a waste of RACH opportunities and PUSCH resource. Thus the time duration for UE to monitor the RA response shall be extended to compensate the impact caused by significant transmission delay.
Possible Solution

Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios. Extend the time duration for UE to monitor RARs. FFS how to configure.
Editor’s note: RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is necessary to support NTN.
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