[bookmark: _Toc20955728]3GPP TSG-RAN WG2 Meeting #114 electronic	 R2-2106385
Online, May 19 – May 27, 2021
	                                  
Agenda item:       8.10.2.1
Source: 	Convida Wireless
Title: 	NTN MAC enhancements
Document for:	Discussion and Decision
1  Introduction
For Rel-17, a work item for NR to support NTN (Non-Terrestrial Networks) [1] has been approved with some initial progress in RAN2, building on the agreements from the SI phase in TR 38.821 [2]. One of the primary RAN2 objectives for such enhancements is to address RACH procedures as highlighted below from TR 38.821:
The Rel-16's user plane 2 step RACH procedure can be considered during the WI phase with possible enhancements:
· The required adaptations will be discussed during the WI phase, such as inclusion of assistance information, e.g., SFN index, in MsgA etc.
· The trade-off between latency gain and UL overhead impact caused in NTN scenarios by the introduction of 2-step RACH procedure can be further discussed during the normative work.

Furthermore, in RAN2#113bis-e, the following was agreed regarding the inclusion of 2-step RACH and TA reporting for Rel-17 NTN [3]:
RACH Type selection:
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
TA report:
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. It is FFS whether 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.


The following discussion investigates the potential enhancements to the existing TN RSRP-based 2-step vs. 4 step RA type selection, and TA reporting, per WID objectives, SI conclusions and initial RAN2 agreements.


2	 RA Type Discussion

2.1 Rationale for NTN 2-step RACH Selection Enhancements
Per the email discussion for RAN2#113e, if both 2-step and 4-step RACH resources are configured, the selection mechanism can be enhanced in NTN scenarios. The options for new criteria has been proposed in the following companies’ contributions [3]:
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. 
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. 
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.
4.	LCH based RA type selection. The latency requirement of different UL logical channels could be considered in RA type selection. 
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. 
6.	Based on slice ID. 
7.	Based on elevation angel of the cell. If UE location is near the cell center, it selects the 2-step RACH. 
8.	Based on relative location of the NTN cell. If UE location is near the cell center, it selects the 2-step RACH. 
9.	Based on a group which can be associated with UE type, power class, GNSS capability, time and frequency synchronization/compensation accuracy etc.
10.	Only use RSRP as in legacy.Option 1/2/4/5/10 got most support. There are 11 proponents for option 1/2, 11 proponents for option 4/5. The proponents for option 1/2/4/5 are 17.
There were 11 proponents for option 1/2, and 11 proponents for option 4/5. The proponents for options 1/2/4/5 were 17 individual proponents in total. The proponents for option 10 were 8, and two of which are also ok with options 4/5. This means that the proponents for doing some enhancement for RA type selection versus the opponents are actually a strong majority 17 to 6.
Observation 1: A super-majority of companies are in favour of some enhancements for RA type selection versus only re-using legacy RA type selection.

Given the previous agreements that both 2-step and 4-step RACH may be configured for a given NTN cell, how to select the RA type should be finalized to enhance the legacy TN RSRP thresholds, to accommodate NTN platforms.
The criteria for selection of 2-step RACH versus 4-step RACH per TS 38.321 [2] is solely based on RSRP. However, for NTN, there is little to no near-far effect as shown in the figure below. All UEs served by an NTN cell should have similar RSRP levels, thus making the TN criteria based on RX signal measurements insufficient. Granted that there may be some variations due to multipath for LOS vs NLOS UEs, however, other criteria and methods should be defined to determine the RA selection as outlined by the options above.
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Observation 2: Per RAN2 agreements, existing NR 2-step RACH selection procedures should be enhanced when an NTN cell is configured for both 2-step and 4-step RA.
Observation 3: TN-based RSRP/RSRQ thresholds of the NTN cells is not sufficient criteria for RA-type selection.

2.3 Discussion on Potential solutions
Based on the nearly uniform RSRP measurements across an NTN cell coverage footprint per Figure 2.1-1, there is the need for additional criteria for RACH selection if the cell is configured for both 2 and 4-step RA. This requirement has significant support per the conclusions and agreements in email discussions of [3].  
To identify this scenario, once SIB1 is decoded by the UE, the UE will be able to determine if both 2-step and 4-step RACH are configured for that particular NTN cell.
If 2-step RACH is configured, one or more criteria/thresholds may be leveraged to determine which RACH resources to use:
Option a: UE-calculated relative position and/or timing:
Aligned with options 1, 2 above from section 2.1, depending on the NTN deployment, if ephemeris data is available at the UE and/or at gNB for serving satellite, this information could be used to determine and select 2-step RA versus 4-step RA (cell-center vs cell edge). Either absolute geographic UE location or relative UE location may be considered. Coarse location may also be sufficient in the case of NTN due to large satellite coverage footprints.
In addition to or as part of UE position calculations, relative location based on timing (e.g., RTT/TDOA, etc.) may be used as a determination for RA type. 
In this case, thresholds may be based on the distance from the satellite as calculated by the UE via e.g., round trip time.
Option b: Changes in received signal over time:
Another possible criterion may be thresholds based on changes in RSRP measurements (over time) from an NTN cell, or elevation angle of the NTN cell.
Option c: QoS requirements (Option 4/5 in section 2.1)
Service QoS requirement (e.g., delay) may be quite different from a UE standpoint, depending on the type of NTN UEs. This is determined by the upper layer application requirements. The latency requirements of different UL logical channels could be used as the determination for RA type selection.
Option d: Based on UE capabilities as another factor:
The configuration of RACH mechanism and resources may be based on UE capabilities (e.g., whether or not the UE location is known). For example, if UE location is known, 2-step RA could be prioritized because UE may be able to estimate RTT. If no location is known or UE is not capable of determining its own accurate location or outdated UE location, 4-step RA could be selected and gNB would then be able to estimate RTT and return appropriate TA/timer configurations.
Finally, legacy RSRP/RSRQ criteria/thresholds should also be used as an additional criteria, per agreements in [4].
If these factors can be satisfied and/or based on one or more thresholds, the UE may select the 2-step RACH procedure. Per legacy mechanisms, fallback to 4-step RACH is possible if the 2-step RACH procedure is not successful. This operation is confirmed as part of the agreements in RAN2#113bis-e [4].
Observation 4: Several possible solutions for RA selection are discussed as one or more potential options. These options are not mutually exclusive and may be used in combination, along with existing RSRP criteria. 
Proposal 1: RAN2 agrees to enhance MAC procedures with additional assistance information and enhancements for 2-step RA selection in the event that an NTN cell is configured for both 2- and 4-step RACH considering options 1/2/4/5 per R2-2103630 as highest priority based on support determined at RAN2#113bis-e.
3  TA Enhancements
Timing Advance (TA) is a command sent by the gNB to UEs to adjust UL transmissions, meaning that the UE sends UL symbols according to this adjustment in the time domain for e.g., PUSCH, PUCCH, relative to DL. Additionally, for NTN, there are two components of TA, one common TA associated with the RTD between the gNB and the satellite and a UE-specific TA component between the satellite and the UE.
Existing NR TA commands in TNs have two flavors, initial TA command via RACH procedure (i.e., RAR message in either Msg2 in the case of 4-step RA or MsgB in the case of 2-step RA) and subsequent updates of TA command via MAC-CE (TS 38.821) [2].
If a UE selects a gNB which is served via an NTN cell, additional information is required for the UE to achieve and maintain network synchronization and determine UL scheduling. Due to the challenges associated with extreme propagation delays, propagation delay variability, and propagation delay differences between UEs, RAN2 has discussed TA pre-compensation reporting.
RAN2 has agreed that at least for UL scheduling adaptation, the UE may report information about the UE-specific TA pre-compensation (FFS when/how to report). RAN2 also agreed that UE reports the UE-specific TA pre-compensation during RACH procedure using MAC-CE (FFS if this needs to be configured). FFS on content and frequency of UE reporting of information about the UE specific TA pre-compensation [4]. Some of the details may depend on further RAN1 progress. 
One benefit of reporting UE-specific TA during RACH procedure (msgA/msg1/Msg3/Msg5) is to enable the gNB to reduce UL scheduling latency as early as Msg3/Msg5. However, during the post-113bis-e email discussion for the LS to RAN1 R2-2104376 LS on TA pre-compensation, an update to the NTN session report reversed the TA reporting via RACH procedure agreement to FFS due to an objection from one company. 
Observation 5: The RAN2#113bis-e agreement for reporting UE-specific TA during RACH procedure was reversed to FFS after the meeting over the RAN2 reflector.
Observation 6: UE may report information about the UE specific TA pre-compensation based on the original agreement captured in the NTN session report in R2-2104302. The exact information and frequency of TA reports is FFS and may depend on RAN1 progress. 

Proposal 2: RAN2 agrees that UE may report information about the UE specific TA pre-compensation during RACH procedure using MAC-CE based on the original agreement captured in the NTN session report in R2-2104302. FFS on details.


4  Conclusion
To summarize, the following observations and proposals were examined:
Observation 1: A super-majority of companies are in favour of some enhancements for RA type selection versus only re-using legacy RA type selection.
Observation 2: Per RAN2 agreements, existing NR 2-step RACH selection procedures should be enhanced when an NTN cell is configured for both 2-step and 4-step RA.
Observation 3: TN-based RSRP/RSRQ thresholds of the NTN cells is not sufficient criteria for RA-type selection.
Observation 4: Several possible solutions for RA selection are discussed as one or more potential options. These options are not mutually exclusive and may be used in combination, along with existing RSRP criteria. 
Observation 5: The RAN2#113bis-e agreement for reporting UE-specific TA during RACH procedure was reversed to FFS after the meeting over the RAN2 reflector.
Observation 6: UE may report information about the UE specific TA pre-compensation based on the original agreement captured in the NTN session report in R2-2104302. The exact information and frequency of TA reports is FFS and may depend on RAN1 progress. 

Proposal 1: RAN2 agrees to enhance MAC procedures with additional assistance information and enhancements for 2-step RA selection in the event that an NTN cell is configured for both 2- and 4-step RACH considering options 1/2/4/5 per R2-2103630 as highest priority based on support determined at RAN2#113bis-e.
Proposal 2: RAN2 agrees that UE may report information about the UE specific TA pre-compensation during RACH procedure using MAC-CE based on the original agreement captured in the NTN session report in R2-2104302. FFS on details.
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