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Introduction

In RAN2#112-e following agreements were achieved for RACH, including RACH related timer handling:
	Agreement:

RAN2 working assumption (for RRC idle. FFS for Inactive/Connected): Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g. common TA) to help the UE to obtain the full UE-gNB RTT. 

If the UE-gNB RTT is pre-compensated, preamble ambiguity is not an issue in Rel-17 NTN (i.e. no enhancements are necessary). FFS how and by whom the possibly multiple components of UE-gNB RTT are pre-compensated

From RAN2 perspective, for UE with UE-specific pre-compensation as a baseline it is up to gNB implementation to ensure sufficient time on UE side for the Msg3 transmission.

If the start of the ra-ResponseWindow and msgB-ResponseWindow is accurately compensated by UE-gNB RTT, ra-ResponseWindow and msgB-ResponseWindow are not extended in LEO/GEO.

RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.

At least the following are FFS in Rel-17 NTN:

Report UE-calculated TA in e.g. msg3/msg5/msgA

Enhancements to RSRP-based selection mechanism of 2-step vs. 4-step RACH 

LCP impact caused by disabling HARQ UL retransmission


Based on agreements highlighted in green, TA report in RACH procedure and RA type selection is listed as potential enhancements can be further discussed, which is the main topics to be focused in this contribution.
Discussion

Pre-compensation

During last RAN1 meeting, RAN1 has achieve some agreements on pre-compensation, including handling of k-offset, TA to be applied for Msg1/MsgA transmission, but the discussion on detailed solution to be adopted and the requirement is still on-going and required coordination with RAN4. To avoid duplicated discussion between RAN1 and RAN2, it is preferred to postpone pre-compensation related topic in RAN2, i.e., how or whether to broadcast TA, TA adjustment and K-offset related topic until sufficient progress have been made in RAN1. 

Observation 1: RAN1 has make some progress on precompensation, e.g., in K-offset and TA precompensation, but detailed solution is still under-discussion and requires cross-working group coordination. To discuss pre-compensation issues simultaneously in RAN1 and RAN2 will lead to redundant discussion. 
Proposal 1: RAN2 postpone the discussion on pre-compensation related issues,e.g., how or whether to broadcast TA, TA adjustment and K-offset related topic until sufficient progress have been made in RAN1. 

TA report for 4step and 2step RA
As agreed last meeting, the working assumption for idle mode UE with pre-compensation capability, it will obtain the UE-gNB RTT and applied in Msg1 and MsgA transmission. And following procedures are the procedure that discussed and considered as possible solution for RACH with assistance of pre-compensation in TR38.821.
4step RACH with pre-compensation
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Figure 1 4stepRA-with pre-compensation
The baseline procedure specified in TR 38.821 for 4-step RACH with pre-compenstion on UE side is illustrated in Figure 1, which contains following procedures:
Step 1: UE derive the location&time information based on GNSS, and estimate the time&frequency offset based on the distance between UE and satellite, which can be calculated based on the location&time information from GNSS and the ephemeros of NTN satellites. UE performs pre-compensation before initiation the Msg1 transmission. The pre-conpensation value is ffs and requires RAN1’s input after they progress on the pre-compensation discussion.
Step 2: After the transmission of Msg1, the UE start to monitor PDCCH with RA-RNTI for the Msg2 reception. Once Msg2 is received, the UE should apply the TA command included in RAR. Different from legacy RACH procedure, the TA command received in RAR will no longer an absolute TA value, but will be used to adjustment the TA based on the TA maintained on UE side with pre-compensatoin.
Step 3: With the adjusted TA and UL grant received in RAR, the UE will perform Msg3 transmission. Since the TA pre-compensated on UE side is unknown in gNB side, the gNB has to schedule the Msg3 without knowing the absolute TA and ensure there is enough processing time for UE to transmit Msg3. The detail can be left to gNB implementation,which is agreed in last meeting. The ffs issue is whether to report TA in Msg3 or in Msg5.
Step 4: Once Msg3 is received by gNB, gNB schedule Msg4 for contention resolution.
2step RACH with pre-compensation
As agreed in previous meeting both 2step RA and 4step RA will be supported for NTN, therefore, in this section we will review the 2step RA design as proposed in TR 38.321 and discuss the potential enhancements needed. 
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Figure 2 2stepRA- with precompensation

In 2-step RACH with pre-compenstion on UE side, the procedure as illustrated in in the figure 2 is as follow:
Step1: UE derive the location&time information based on GNSS, and estimate the time&frequency offset based on the distance between UE and satellite, which can be calculated based on the location&time information from GNSS and the ephemeros of NTN satellites. UE performs pre-compensation before initiation the Msg1 transmission. The pre-conpensation value is ffs and requires RAN1’s input after they progress on the pre-compensation discussion.

Step 2: Once MsgA is transmitted, the UE will try to receive MsgB. Once corresponding MsgB is received, the UE should apply the TA command as a delta adjustment to the TA value maintained on UE side (i.e. the TA value estimated for MsgA transmission).
It can be observed in above figures, for RACH with pre-compensation, the TA used for msg1 and MsgA transmission is derived by UE itself and is not aware by NW. 

Observation 2: For RACH with pre-compensation based on UE calculated TA, the TA used for MsgA and Msg1 transmission is derived by UE itself and not known by NW.
In order for NW to schedule the subsequent transmission properly it is required for UE to report the TA it used for MsgA and Msg1 transmission, so that the understanding on TA between NW and UE is aligned.  As agreed in RAN1’s last meeting, the TA to be used for MsgA/Msg1 transmission for UE in idle state is computed as follows:

Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:
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where:
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is derived from the User specific TA self-estimation
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is derived at least from the common timing offset value if broadcasted by the network. The granularity of 
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 is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
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depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
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is specified in TS 38.211 section 4.1. 

In above equation, only 
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 is derived by UE itself, the rest of components and the equation are all know by NW, to decrease the signalling overhead, only needs to report the User specific TA estimated by itself, i.e., 
[image: image11.wmf]TA

N

 as specified by RAN1 to NW. 

Observation 3: Only 
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, i.e, User specific TA estimated by itself is not known by NW, therefore to report this part of TA is sufficient for NW to derive the total TA used for MsgA/Msg1 transmission. 

For 2step RA, the TA related information can be included in PUSCH payload of MsgA, while the uncertain part for 4step RACH is whether to include in TA in Msg3 or Msg5. If TA is carried in Msg5 then additional delay (i.e., several differential RTTs) will be introduced in RACH procedure, since NW needs to schedule Msg4 assuming maximum delay as well. The main concern to transmit TA in Msg3 is on Msg3 size, however considering only UE-specific delay will be reported, in addition with proper design of TA report (e.g., using larger unit), the size to be reported can be further decreased. Therefore it is preferable to report TA in Msg3 instead of Msg5.
Observation 4: To include the TA report is Msg5 will lead to extra access delay in NTN since NW needs to schedule Msg4 assuming maximum delay as well. 
Proposal 2: UE only reports 
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( i.e. User specific TA as defined by RAN1 for MsgA/Msg1 transmission) in MsgB for 2step RA or Msg3 for 4step RA, ffs the unit and format.
RA type selection 
R16 step support RSRP Threshold based RA type selection, which in our understanding intends to select UE with power high enough to guarantee the successful decoding of PUSCH payload, and also intends to balance the RA load between 4step and 2step. For example, NW can increase the RSRP threshold to decrease the number of UE selecting 2step RA. Although the radio environment in NTN and TN is different, RSRP-threshold RA type selection is still needed for NW to selects UE with good radio link for MsgA transmission.
Observation 5: RSRP based RA type selection can help NW to select UE qualified to support 2step RA (with sufficient power to transmit MsgA payload) and manage RA load between 2step and 4step.

Proposal 3: At least the RSRP-Threshold based RA type selection as specified in NR shall be used for RA type selection in NTN.
However, as discussed in some previous discussion paper [2][3], due to the significant transmission delay in NTN, the near-far effect in NTN might not be as obvious as in TN, therefore it might results in the situation that for UE under certain coverage it will always selects the same type of RA for selection even when the RA load of the same RA type is very high. Therefore, additional mechanism is needed to support load balancing between 2step and 4step RA in NTN.
Observation 6: The near-far effect in NTN is not so obvious, which leads to the situation that UE under-certain area will always selects the same RA type regardless the RA load of the same RA type is high or low. Additional mechanism is needed for load balancing between 2step and 4step RA in NTN.
In addition to the RSRP-based RA type selection, some companies have proposed to use RTT or RTD or UE location as additional condition for RA type selection. To use UE location seems too complicated comparing to RTT or RTD based method since it is difficult to determine how to present UE location, and more bits will be required to broadcast the location information. As for RTT based method, the motivation is that for for UE with larger RTT the need to adopt 2step to perform RACH is more urgent. However, using RTT as additional threshold could lead to the situation that UE with small RTT (e.g., UE in GEO ) can never use 2step RA for RACH. 
Observation 7: Location based RA type selection is too complicated and increase signalling overhead since it is difficult to decide how to present location information and more bits is required to broadcase the area information. While RTT based solution tight the RA type with certain RTT, which makes it impossible for UE with small RTT to use 2step RA.
In legacy RACH, backoff indication is introduced to mitigate the contention situation, where NW will disperse UE in different time period so that they won’t attempt RA at the same time to avoid contention. Similar mechanism can be reused here to balance the RA load between 2step and 4step. For example, separate BI indication can be used for 2step and 4step. In case 2step RA load is very high, NW can use include BI indication in subsequent RA response, and for UE receive the BI for 2step, it will select 4step type for RA if applicable during running of 2step BI timer or vise versa. Based on proper configuration of BI in RA response, NW can dynamically adjust the RA load between 2step and 4step. Since BI indication is already supported in RACH procedure, comparing to other methods only limited scpecs update is required. Therefore, it is proposed to introduced separate BI indication for 2step RA and 4step RA for load balancing.
Observation 8: BI mechanism is an already supported mechanism for contention mitigation. By introducing separate BI indication for 2step and 4step, NW can adjust the RA load between different RA type dynamically with less impact on specs.
Proposal 4: It is proposed to introduce separate BI indication for 2step and 4step RA in NTN.
Conclusion

Based on the above discussion, we’d propose the following:

Pre-compensation

Observation 1: RAN1 has make some progress on precompensation, e.g., in K-offset and TA precompensation, but detailed solution is still under-discussion and requires cross-working group coordination. To discuss pre-compensation issues simultaneously in RAN1 and RAN2 will lead to redundant discussion. 
Proposal 1: RAN2 postpone the discussion on pre-compensation related issues,e.g., how or whether to broadcast TA, TA adjustment and K-offset related topic until sufficient progress have been made in RAN1. 
TA report
Observation 2: For RACH with pre-compensation based on UE calculated TA, the TA used for MsgA and Msg1 transmission is derived by UE itself and not known by NW.
Observation 3: Only 
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, i.e, User specific TA estimated by itself is not known by NW, therefore to report this part of TA is sufficient for NW to derive the total TA used for MsgA/Msg1 transmission. 

Observation 4: To include the TA report is Msg5 will lead to extra access delay in NTN since NW needs to schedule Msg4 assuming maximum delay as well. 
Proposal 2: UE only reports 
[image: image15.wmf]TA

N

( i.e. User specific TA as defined by RAN1 for MsgA/Msg1 transmission) in MsgB for 2step RA or Msg3 for 4step RA, ffs the unit and format.
RA type selection
Observation 5: RSRP based RA type selection can help NW to select UE qualified to support 2step RA (with sufficient power to transmit MsgA payload) and manage RA load between 2step and 4step.

Observation 6: The near-far effect in NTN is not so obvious, which leads to the situation that UE under-certain area will always selects the same RA type regardless the RA load of the same RA type is high or low. Additional mechanism is needed for load balancing between 2step and 4step RA in NTN.

Observation 7: Location based RA type selection is too complicated and increase signalling overhead since it is difficult to decide how to present location information and more bits is required to broadcast the area information. While RTT based solution tight the RA type with certain RTT, which makes it impossible for UE with small RTT to use 2step RA.

Observation 8: BI mechanism is an already supported mechanism for contention mitigation. By introducing separate BI indication for 2step and 4step, NW can adjust the RA load between different RA type dynamically with less impact on specs.

Proposal 3: At least the RSRP-Threshold based RA type selection as specified in NR shall be used for RA type selection in NTN.
Proposal 4: It is proposed to introduce separate BI indication for 2step and 4step RA in NTN.
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