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1 Introduction

In the last RAN2 meetings, RACH issues in NTN was discussed, and the following agreements were made [1][2][3].
RAN2#111e agreements:

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

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

RAN2#112e agreements:
1. 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. 
2. 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

3. 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.

4. 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.

5. 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
6. 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.

RAN2#113bise agreements:
1. Legacy mechanism for RA type selection based on RSRP threshold is the baseline for NTN. Optimizations can still be suggested, showing the gain (in any case, any method needs to be combined with RSRP based approach)
2. Reuse legacy RA type switching mechanism
3. RAN2 wait for RAN1’s feedback on UE obtaining UE-gNB RTT.

4. RAN2 wait for RAN1’s progress and postpone the discussion on how to broadcast parameters, if any, for TA pre-compensation.

5. RAN2 send an LS to RAN1, focusing on below aspects:


-
Ask RAN1 to prioritize the TA pre-compensation work on whether and/or what parameters to broadcast for TA pre-compensation, and when broadcasted, how often the broadcasted parameters are expected to change over time;

-
RAN2 has agreed to use UE-gNB RTT as the offset to start some UP timers (e.g. drx-HARQ-RTT-TimerDL). Ask RAN1 to provide inputs on (i) how UE acquires UE-gNB RTT and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
6. At least for uplink scheduling adaptations, the UE may report information about the UE specific TA pre-compensation. The exact information and frequency of reports depend on RAN1 outcome. FFS on when/how to report.
7. The UE reports the UE specific TA pre-compensation during RACH procedure using MAC CE (FFS if this needs to be configured). Actual content is FFS and also depends on further RAN1 input.
In this contribution, we further discuss some left RACH issues.
2 Discussion

2.1 RACH timers offset 
In RAN2#111e meeting, RAN2 made the following agreement: 
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3. From RAN2 perspective, an offset is applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios.

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

In RAN2#112e meeting, RAN2 further discussed the timer issue and approved the following agreement 
1. 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.

In our understanding, for a UE with capability of TA pre-compensation, the UE should use UE-gNB RTT as the offset for the start of the RACH timers including ra-ResponseWindow, msgB-ResponseWindow and ra-ContentionResolutionTimer, which could avoid UE’s unnecessary PDCCH monitoring for Msg2/Msg4/MsgB and RAR/MsgB window extension. This solution applies to both cases that downlink timing and uplink timing are aligned and are not aligned at gNB.

Given that we have made a working assumption to use UE-gNB RTT as the offset to increase the length of drx-HARQ-RTT-TimerDL for the HARQ processes with HARQ feedback enabled, and we have sent a LS to RAN1 to ask them to discuss how UE determines UE-gNB RTT, we don’t think it would require additional work to use UE-gNB RTT as the offset for the start of these RACH timers.

Proposal 1 Use UE-gNB RTT as the offset for the start of ra-ResponseWindow and ra-ContentionResolutionTimer.

2.2 RA type selection
It has been agreed in RAN2#111e meeting that both 2-step and 4-step RACH are supported in Rel-17 NTN.
In NR, if a UE is configured with neither 2-step CFRA nor 4-step CFRA, and both 2-step CBRA and 4-step CBRA are configured, during RACH initialization, the UE selects the RA type based on measured RSRP. More specifically, if the measured RSRP is larger than a pre-configured RSRP threshold, the UE selects 2-step CBRA; otherwise, the UE selects 4-step CBFA.
Enhancements to RA type selection mechanism in NTN was discussed in post112-e [103] email discussion [4]. Based on the agreement in RAN2#113bise meeting, legacy RSRP-based RA type selection mechanism is the baseline for NTN, and optimizations can be suggested. 
In the email discussion[4], RA type selection enhancement include the following the candidate criteria:
· Option 1: Based on the UE calculated RTT, i.e. UE specific UE-satellite RTT. If the UE specific UE-satellite RTT is lower than a threshold, UE selects 2-step RACH, otherwise UE selects 4-step RACH. 
· Option 2: Based on the distance from UE to satellite. If the distance from UE to satellite is lower than a threshold, UE selects 2-step RACH, otherwise UE selects 4-step RACH. 
· Option 3: Based on UE ID. Separate the UEs into two different groups by UE ID, i.e. one for 2-step RACH, the other one for 4-step RACH .
· Option 4: LCH based RA type selection. The latency requirement of different UL logical channels could be considered in RA type selection.
· Option 5: QoS requirement based RA type selection. Service QoS requirement (e.g. delay) may be quite different from different type of NTN UEs which is up to the upper layer application requirement.
· Option 6: Based on slice ID.
· Option 7: Based on elevation angel of the cell. If UE location is near the cell center, it selects the 2-step RACH. 
· Option 8: Based on relative location of the NTN cell. If UE location is near the cell center, it selects the 2-step RACH. 
· Option 9: Based on a group which can be associated with UE type, power class, GNSS capability, time and frequency synchronization/compensation accuracy etc.

All the criteria above can be classified into three groups:

1. Based on UE location information: option1/2/7/8
2. Based on QoS requirement (e.g., delay) of logic channel: option 4/5

3. Based on other aspects (e.g., UE ID, slice ID, UE capability): option 3/6/9
Since it has been widely discussed that RSRP measurements cannot clearly reflect the near-far effect in NTN, the motivation to introduce UE location information based RA type selection is to compensate the unobvious near-far effect in NTN. Otherwise, it may be hard for network to configure a suitable RSRP threshold for RA type selection, which may cause all the UEs select the same RACH type and the load between 2-step RACH and 4-step RACH are unbalanced. 
LCH-based RA type selection could balance the load between 2-step RACH and 4-step RACH, and satisfy the delay requirement for some delay sensitive services, but it could only apply to limited cases (e.g., SR triggered RACH). 
The benefit of RA type selection based on other aspects not clear to us.

Based on above, we think UE location information can be considered in RA type selection. Any of option 1/2/7/8 is ok, we just need to choose one from these options.

Observation 1 Legacy RSRP-based RA type selection may not work well in NTN due to the un-clear near-far effect.
Observation 2 LCH-based RA type selection is useful for both load balance between 2-step RACH and 4-step RACH, and satisfying delay requirement of those delay sensitive services, but it could only apply to limited cases (e.g., SR triggered RACH).
Proposal 2 Use UE location information combined with RSRP for RA type selection in NTN.

2.3 TA report during RACH
In RAN2#113bise meeting, TA report was discussed, and the following agreements were made during the online discussion.
1. At least for uplink scheduling adaptations, the UE may report information about the UE specific TA pre-compensation. The exact information and frequency of reports depend on RAN1 outcome. FFS on when/how to report.
2. The UE reports the UE specific TA pre-compensation during RACH procedure using MAC CE (FFS if this needs to be configured). Actual content is FFS and also depends on further RAN1 input.
However, during the post email discussion, the second agreement above was challenged and has been reversed finally.
As a common understanding, TA report may be helpful for uplink scheduling adaptation at network side, e.g. in GEO scene, it could assist network to configure the UE with a proper UE-specific K_offset, which may reduce the UL latency. Some companies may have concern that reporting TA during RACH procedure may require larger TB size for MsgA or Msg3, which would have negative impact on PUSCH coverage, and some others may argue that UE could anyway report TA after RRC connection establishment, so they think TA report during RACH procedure may bring little additional gains. For the former argument, since the TB size for MsgA or Msg3 is always allocated by network, if network has concern on PUSCH coverage, it could certainly allocate a smaller TB size. For the latter argument, we think UE should report TA as early as possible. In our view, UE could determine whether to report TA according to the TB size for PUSCH and LCP procedure, so there is no need to prohibit UE from reporting TA during RACH procedure if it would be helpful for uplink scheduling.
Observation 3 UE should report TA as early as possible, and UE can determine whether to report TA according to the TB size for PUSCH and LCP procedure. There is no need to prohibit UE from reporting TA during RACH procedure if it would be helpful for uplink scheduling.

Proposal 3 UE reports the UE specific TA pre-compensation during RACH procedure using MAC CE.
Meanwhile, in some small NTN cell scenario (e.g. HAPS), differential delay experienced by different UEs within the same cell may be small. In these cases, using cell-specific K_offset might be sufficient and network can configure UEs not to report TA during RACH.
Observation 4 In some small NTN cell scenario, using cell-specific K_offset might be sufficient.

Proposal 4 Whether UE reports TA during RACH is configurable by network.
If we agree to use MAC CE for TA report, the next issue we need to address is how to define the logical channel priority of TA report MAC CE. Based on TS38.321, the current logical channel priority is given as below.

	Logical channels shall be prioritised in accordance with the following order (highest priority listed first):

-
C-RNTI MAC CE or data from UL-CCCH;

-
Configured Grant Confirmation MAC CE or BFR MAC CE or Multiple Entry Configured Grant Confirmation MAC CE;

-
Sidelink Configured Grant Confirmation MAC CE;
-
LBT failure MAC CE;

-
MAC CE for SL-BSR prioritized according to clause 5.22.1.6;
-
MAC CE for BSR, with exception of BSR included for padding;

-
Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;

-
MAC CE for the number of Desired Guard Symbols;

-
MAC CE for Pre-emptive BSR;

-
MAC CE for SL-BSR, with exception of SL-BSR prioritized according to clause 5.22.1.6 and SL-BSR included for padding;
-
data from any Logical Channel, except data from UL-CCCH;

-
MAC CE for Recommended bit rate query;

-
MAC CE for BSR included for padding;

-
MAC CE for SL-BSR included for padding.


In our view, TA report should not affect the legacy RACH procedure, so priority of TA report MAC CE should be lower than that of C-RNTI MAC CE or data from UL-CCCH. In addition, it should be prioritized over data from any logical channel except data from UL-CCCH. The details can be discussed further.
Proposal 5 RAN2 further discuss the logical channel priority for the new TA Report MAC CE.
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1 Legacy RSRP-based RA type selection may not work well in NTN due to the un-clear near-far effect.
Observation 2 LCH-based RA type selection is useful for both load balance between 2-step RACH and 4-step RACH, and satisfying delay requirement of those delay sensitive services, but it could only apply to limited cases (e.g., SR triggered RACH).
Observation 3 UE should report TA as early as possible, and UE can determine whether to report TA according to the TB size for PUSCH and LCP procedure. There is no need to prohibit UE from reporting TA during RACH procedure if it would be helpful for uplink scheduling.

Observation 4 In some small NTN cell scenario, using cell-specific K_offset might be sufficient.

And propose the following:

Proposal 6 Use UE-gNB RTT as the offset for the start of ra-ResponseWindow and ra-ContentionResolutionTimer.

Proposal 7 Use UE location information combined with RSRP for RA type selection in NTN.

Proposal 8 UE reports the UE specific TA pre-compensation during RACH procedure using MAC CE.
Proposal 9 Whether UE reports TA during RACH is configurable by network.
Proposal 10 RAN2 further discuss the logical channel priority for the new TA Report MAC CE.
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