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Introduction

In RAN2#111-e following agreements were achieved for RACH, including RACH related timer handling:
	Agreement:

From RAN2 perspective, an offset is applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios.

An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.

Both 2-step and 4-step RACH are supported in Rel-17 NTN. FFS enhancements to RACH to accommodate the NTN environment.


In this paper, we will further discuss the details on offset configure as well as potential enhancements required on RACH aspects.
Discussion

General
Based on the WID, it is clearly specified that “UEs with GNSS capabilities are assumed.”. Although the UE with GNSS capability are not always have available location information (e.g. in case the GNSS satellites are not visible to the UE), considering the visibility of NTN satellite and GNSS satellite are quite similar, it is very much likely in case the GNSS satellites are not visible, the NTN satellites will be invisible to UE as well. 

In addition, in order to support UE without the capability to do pre-compensation, there some necessary RAN1 evluation and enhancements needed. However, based on the RAN1 objective specified in WID, the “enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities” is marked as “should be specified if beneficial and needed”, and it seems such kind of discussion will be down prioritized due to the limited time budget in RAN1. Therefore, based on current situation, in order to help the WID move forward and avoid unnecessary discussion, we prefer to high prioritize the case that where UE has valid location information or time information and enough capability to perform pre-compensation in RACH procedure. The case of UE without capability to perform pre-compensation can be considered until RAN1 has completed the necessary enhancements.

Observation 1: To support UE unable to perform pre-compensation, input from RAN1 is required on PRACH sequence/format enhancements. However, discussion on such aspect is down-prioritized in RAN1’s working scope.

Proposal 1: RAN2 prioritize the UE supporting pre-compensation in RACH procedure. The discussion on the UE without pre-compensation in RACH procedure can be postponed until more progress has been made in RAN1.

To avid misunderstanding, the following discussion is made based on the assumption that UE is able to do pre-compensation unless specified otherwise. Currently the issues related to pre-compensation is discussed at both RAN1 and RAN2. In our understanding, RAN1 is changer of discuss how pre-conpensate can be made, the detailed value needed and evaluate the accuracy of pre-compensation, and list in following are the agreements RAN1 achieved last meeting for pre-compensation. 
	RAN1 Agreements

In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:

The User specific TA which is estimated by the UE:

Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:

FFS: Details on serving satellite ephemeris indication 

Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network

The Common TA if indicated by the network:

FFS: The need and details of Common TA indication

FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)


While for RAN2, we are more focus on the signalling of the information required for pre-compensation if needed. Considering RAN1 has made some progress in pre-compensation, to avoid duplicated discussion in RAN1 and RAN2, it is proposed that RAN2 leave the discussion on how to perform pre-compensation to RAN1. 
Observation 2: Pre-compensation is mainly a RAN1 issue and some progress has already been made in RAN1. Discuss the pre-compensation in both RAN1/RAN2 in a paralleled way will lead to unnecessary working load in RAN2.

Proposal2: The discussion on the detail of pre-compensation in RACH procedure shall be left to RAN1.

4-step RA enhancements

General procedure
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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. For example, when determine the timing of UL grant for Msg3 transmission, gNB always assume maximum TA is pre-compensated on UE side, where the maximum TA can be determined based on the coverage of the NTN cell. In order to help NW to know the full TA of UE, e.g, the UE-to-gNB delay, the TA value estimated by UE’s side, e.g., UE-to-Satellite delay UE shall be include in Msg3 since NW is aware of the feeder-link delay.
Step 4: Once Msg3 is received by gNB, gNB can derive the absolute TA used on UE side based on the Msg3 reception. 
Proposal 3: For the 4-step RACH with pre-compensation at UE side:

In Msg1 transmission, UE estimate TA and apply the TA in the pre-compensation for preamble transmission. The value range of pre-compensated TA is ffs and pending on RAN1’s input.
In Msg2 reception, the UE should apply the TA command received in RAR as a delta adjustment to the TA maintained on UE side (i.e. the TA estimated in Msg1 transmission).
For the UL grant in Msg2 for Msg3 transmission, it is up to gNB implementation to ensure a sufficient time on UE side for the Msg3 transmission. And UE will include the TA value estimated by itself, e.g., UE-to-Satellite delay in Msg3
RAR window/Contention Resolution Timer

As agreed in last RAN2 meeting, one offset will be used to delay the start of RAR window and contention Resolution Timer with the detailed value ffs. During email discussion [RAN2#111-908], it seems majority think the offset value shall be UE-specific and takes both service link delay and feeder link delay into consideration for further power saving. 
Observation 3: For further power saving, the offset value to delay the start of RAR window and CR window shall take both service-link delay and feeder-link delay into consideration 

However according to above RAN1 agreements, the UE’s TA used for pre-compensation includes user specific TA estimated by UE and possible a common TA indicated by NW, which is still ffs. Based on current RAN1’s agreements, UE can only derive the service link delay between it and satellite, not the feeder-link delay, which means assisted information needs to be broadcast from RAN2’s perspective to help UE derive the feeder link delay.

Observation 4: Only User specific TA is agreed in RAN1 while the broadcast common delay discussion is still under-going, which means UE cannot know the full TA (i.e., UE-to-gNB delay) based on current RAN1 progress.
Proposal 4: From RAN2’s perspective, assisted information needs to be broadcasted for UE to derive the feeder link delay, at least for MAC timer handling.
Specially, After Msg3 transmission, the TA at UE’s side has already being adjusted by the TAC received in Msg2, therefore UE shall applied the corrected TA to delay the start of the contention resolution timer, not the estimated TA.
2-step RA enhancements

General procedure
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.

As described in procedure part, UE will apply a pre-compensated value when transmitted MsgA. As aforementioned, the pre-compensated value can be UE-to-satellite delay or UE-to-gNB delay which is pending on RAN1’s discussion. Similar to 4step, in order for NW to know the TA pre-compensated at UE’s side, and able to schedule MsgB properly, UE shall report pre-compensated TA information in MsgA payload. Considering NW is aware of the feeder link delay value, in order to decrease the signalling overhead, UE only needs to report the UE specific value, i.e., UE-to-gNB delay value it estimated by itself. 

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).

Proposal 5: For the 2-step RACH with pre-compensation:

In MsgA transmission, UE estimate TA and apply the TA in the pre-compensation for both preamble and PUSCH transmission. The value range of pre-compensated TA is ffs and pending on RAN1’s input.
In MsgA transmission, the UE includes the UE specific delay value (UE-to-satellite delay) used for pre-compensation in the PUSCH payload.
In MsgB reception, the UE should apply the TA command received in RAR as a delta adjustment to the TA maintained on UE side (i.e. the TA estimated in Msg1 transmission).
RA type selection 

Since both 4step and 2step is configured, some mechanism shall be decided for RA type selection in NTN as well. Currently in TN, the RA type determination is based on RA resource configuration condition as well as downlink pathloss quality. In case both 2step and 4step RA resource is configured, UE will compare the downlink pathloss reference with MsgA-RSRP-Threshold to decide whether 2step RA type or 4step RA type is selected. Although the near-far effect in NTN is not that obvious as in TN, there is still a power difference between the center of NTN coverage and edge of NTN coverage, by configure a suitable RSRP threshold range for NTN, the same RA type selection principle, e.g., based on RSRP threshold, can still be reused for NTN.

Proposal 6: Similar to TN, the RA type selection between 2step RA and 4step RA in NTN is based on the RSRP threshold.
MsgB window

After MsgA transmission, UE will start the MsgB window at the first slot after the end of MsgA PUSCH transmission and starts to monitor the PDCCH using MsgB-RNTI. Similar to ra-ResponseWindow, in order to cope with the transmission delay in NTN, one offset shall also be introduced to delay the start of MsgB-window.
Proposal 7: Similar to ra-ResponseWindow, one offset shall be introduced to delay the start of MsgB-window.

Conclusion

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

General

Observation 1: To support UE unable to perform pre-compensation, input from RAN1 is required on PRACH sequence/format enhancements. However, discussion on such aspect is down-prioritized in RAN1’s working scope.
Observation 2: Pre-compensation is mainly a RAN1 issue and some progress has already been made in RAN1. Discuss the pre-compensation in both RAN1/RAN2 in a paralleled way will lead to unnecessary working load in RAN2.
Proposal 1: RAN2 prioritize the UE supporting pre-compensation in RACH procedure. The discussion on the UE without pre-compensation in RACH procedure can be postponed until more progress has been made in RAN1.

Proposal2: The discussion on the detail of pre-compensation in RACH procedure shall be left to RAN1.

4-step RA enhancement

Proposal 3: For the 4-step RACH with pre-compensation at UE side:

In Msg1 transmission, UE estimate TA and apply the TA in the pre-compensation for preamble transmission. The value range of pre-compensated TA is ffs and pending on RAN1’s input.
In Msg2 reception, the UE should apply the TA command received in RAR as a delta adjustment to the TA maintained on UE side (i.e. the TA estimated in Msg1 transmission).
For the UL grant in Msg2 for Msg3 transmission, it is up to gNB implementation to ensure a sufficient time on UE side for the Msg3 transmission. And UE will include the TA value estimated by itself, e.g., UE-to-Satellite delay in Msg3
Observation 3: For further power saving, the offset value to delay the start of RAR window and CR window shall take both service-link delay and feeder-link delay into consideration 

Observation 4: Only User specific TA is agreed in RAN1 while the broadcast common delay discussion is still under-going, which means UE cannot know the full TA (i.e., UE-to-gNB delay) based on current RAN1 progress.

Proposal 4: From RAN2’s perspective, assisted information needs to be broadcasted for UE to derive the feeder link delay, at least for MAC timer handling.
2-step RA enhancement

Proposal 5: For the 2-step RACH with pre-compensation at UE side:

In MsgA transmission, UE estimate TA and apply the TA in the pre-compensation for both preamble and PUSCH transmission. The value range of pre-compensated TA is ffs and pending on RAN1’s input.
In MsgA transmission, the UE includes the UE specific delay value (UE-to-satellite delay) used for pre-compensation in the PUSCH payload.
In MsgB reception, the UE should apply the TA command received in RAR as a delta adjustment to the TA maintained on UE side (i.e. the TA estimated in Msg1 transmission).
Proposal 6: Similar to TN, the RA type selection between 2step RA and 4step RA in NTN is based on the RSRP threshold.
Proposal 7: Similar to ra-ResponseWindow, one offset shall also be introduced to delay the start of MsgB-window.
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