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1. Introduction
The previous meetings made agreements regarding 2-step RA in NTN and HARQ retransmission states, while some remaining issues and potential enhancements are still FFS. This contribution provides further discussion on some remaining UP issues regarding 2-step RA and HARQ retransmission states in NR NTN.
2. [bookmark: Proposal_Beacon]Discussion
Based on the discussions in the previous meetings, the following 2 issues regarding 2-step RA are still open and have no further agreements: RA type selection, and BSR with both 2-step RA and CG configured.
RA type selection
The RAN2#113bis-e meeting made the following agreements regarding RA type selection in NTN:
	· 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)


Currently in NR msgA-RSRP-Threshold is the only criterion for RA type selection which allows UE with good channel condition to apply 2-step RA. In NTN due to the high altitude of satellites/HAPs the near-far effect may not be obvious as that in TN, i.e. there may not be a clear difference in RSRP between cell centre and cell edge UEs. Although how to configure msgA-RSRP-Threshold is network implementation, the network can configure msgA-RSRP-Threshold either as the minimum value that is required for reliable detection of the PUSCH payload, or based on RA type load or resource in the cell to balance UEs applying 2-step and 4-step RA. In NTN it would be hard for the network to configure an appropriate msgA-RSRP-Threshold considering the fuzzy RSRP difference. For example, a small/large threshold will allow most UEs to select 2-step/4-step RA and lead to more contentions on either RA resource. To avoid such problem in NTN RA type selection criteria other than RSRP should be considered.
Proposal 1: RAN2 to consider new criteria for RA type selection combining with RSRP in NTN.
Based on the principles, the candidate criteria proposed before are categorized and analysed as follows:
Table 1 Candidate criteria in category for RA type selection
	Category
	Criterion
	Implementation

	1) 
RTT-related
	RTT
	If the UE-gNB or UE-satellite RTT is lower than a threshold, UE selects 2-step RACH, otherwise UE selects 4-step RACH.

	
	Distance
	If the UE-satellite-gNB or UE-satellite distance is lower than a threshold, UE selects 2-step RACH, otherwise UE selects 4-step RACH.

	
	UE location
	If UE location is near the cell center, it selects the 2-step RACH.

	
	Elevation angle
	UE location near the cell center is determined by elevation angle of the cell.

	2) 
Service-related
	LCH
	The latency requirement of different UL logical channels can determine whether 2-step RA is selected.

	
	QoS
	The QoS requirement (e.g. latency) can determine whether 2-step RA is selected.

	
	Slice ID
	The slice ID(s) requested by UE (e.g. URLLC) can determine whether 2-step RA is selected.

	3) 
UE-related
	UE grouped by 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.

	
	UE grouped by capability
	UE group can be associated with UE type, power class, GNSS capability, time and frequency synchronization/compensation accuracy etc.


Category 1) including RTT, distance, UE location and elevation angle are similar in concept as they aim to provide a new metric that is not so fuzzy as RSRP in NTN to determine RA type selection. Category 1) provides straight-forward options similar to RSRP in TN, using time or distance (which are the same considering propagation speed) to ensure UEs with good channel condition to apply 2-step RA. In Category 1) appropriate configuration of a threshold can help in combination with RSRP, and it is unnecessary to use more than one options (thresholds) in this category.
Observation 1: One criterion regarding time or distance can be used in combination with RSRP for RA type selection in NTN.
As it has been agreed that UE can derive RTT e.g. for TA pre-compensation before initiating RACH, RTT as criterion for RA type selection can reuse the result.
Category 2) including LCH, QoS and slice ID provides options from a different perspective (service instead of availability) of selecting 2-step RA for the most urgent UEs in NTN. Although services may not be different in NTN and TN, in TN reducing the latency caused by the propagation delay (e.g. 0.033ms) is not so important to a time-sensitive service as that in NTN (e.g. 25.77ms~541.46ms). Therefore it is of more benefit for UEs with time-sensitive service selecting 2-step RA in NTN than those in TN. As Category 2) works in a different concept with RSRP, it is better to use one of the options (LCH, QoS or slice) combined with RSRP to ensure that UEs with urgent services and good channel conditions can select 2-step RA in NTN.
Observation 2: It is more benefit to use a criterion regarding service requirement (i.e. LCH, QoS, slice) for UEs with time-sensitive service in NTN.
Category 3) can be seen as alternative implementations based on RTT, service or other UE capability. As the grouping is pre-determined Category 3) is of less flexibility and can be replaced by Category 1) or Category 2) options.
Therefore it is proposed:
Proposal 2: RAN2 to consider at least one of the following criteria for RA type selection:
a) UE-satellite or UE-gNB RTT, combined with msgA-RSRP-Threshold.
b) QoS requirement of LCH, combined with msgA-RSRP-Threshold.

BSR with both 2-step RA and CG configured
The RAN2#113 meeting made the following agreements regarding BSR transmission in NTN:
	· UE in NTN can have both 2-step RACH and configured grant configurations at the same time.


However, whether to use 2-step RACH or CG when both are configured for BSR transmission has not been decided. As shown in Figure 1, if there is no sufficient resource to transmit the UL data in buffer, the UE has to wait for at least 1 RTT if a CG for BSR is available or 2-step RACH is triggered, or 2 RTTs if SR or 4-step RACH is triggered, and there could be a latency issue in NTN where the RTT is large.
For BSR resource selection or determination, the following enhancements were proposed:
1) [bookmark: _Hlk72331499]Always use CG.
2) Use CG within a time duration, which can be implemented by a UE timer configured by network.
3) BSR triggers 2-step RA using msgA-RSRP-Threshold as the criterion.
4) Depending on the QoS requirement of the LCH that triggers the BSR.
[image: ]
Figure 1. Possible UL resources for BSR transmission
Solution 1) has no spec impact. However there could be a latency issue if but the next available CG for transmitting BSR is far away in time (e.g. 1 RTT). In this case UE still needs to wait for this CG while BSR over 2-step RA has the chance to obtain the required UL resource earlier and the UL data could be transmitted earlier. In the worst case the service could be interrupted due to unfulfillment of QoS requirement.
In solution 2) as both CG and 2-step RA can report BSR immediately, configuring appropriate timer value could be hard as network cannot predict when a BSR will be triggered, e.g. there could be a CG right after timer expiration. Considering that UE should have knowledge of upcoming resources, the selection can be made at the same time when BSR is triggered.
Observation 3: The resource selection can be made at the same time when BSR is triggered as UE has the knowledge of arrival time of configured resources.
In Solution 3) 2-step RA is triggered as long as its RSRP is larger than msgA-RSRP-Threshold, even there could be a nearer CG for BSR. This sole solution may lead to heavy load on 2-step RA resources.
Solution 4) provides another QoS metric to be considered for BSR resource selection, which can be optional.
From the above analysis it is observed that there is a balancing between latency (of acquiring necessary resource) and RA load for BSR resource selection, and from this perspective at least the timings of the next available CG and 2-step RA resource for BSR transmission should be considered.
Proposal 3: To determine the UL resource for BSR (CG or 2-step RA), the arrival time of the next available CG and 2-step RA resource should be considered. E.g. UE may choose the resource in CG and 2-step RA for BSR with earlier arrival time.
From the UE’s perspective it is better to send the BSR as early as possible, while from the network perspective using 2-step RA for BSR should be restricted to avoid overloading. The balance can be biased by an offset configured by network.
Proposal 4: A time offset configured by network can be applied when UE choose the resource in CG and 2-step RA for BSR.
Except for the arrival time, another criterion that needs to be considered is RA type selection. The RA type selection is performed when the RA is initiated, and as a result the timing of UE decision on using CG or 2-step RA for BSR transmission should take this into consideration, especially when none CFRA resource is configured. A possible case is that UE decides to use 2-step RA for BSR transmission but finds out that its RSRP is smaller than msgA-RSRP-Threshold after RA is initiated. In this case UE has to use 4-step RA for BSR transmission, which could be 1 RTT later than using CG for BSR transmission at the same time.
Observation 4: If UE selects 2-step RA for BSR transmission, it is possible that UE does not fulfill the 2-step CBRA criterion after it initiates RA.
Therefore the RA type selection should be considered when UE determines whether to use 2-step RA or CG for BSR transmission, instead of after RA initiation.
Proposal 5: To determine the UL resource for BSR (CG or 2-step RA), whether UE can use 2-step RA should be considered (whether UE is configured with 2-step CFRA resource or whether UE fulfills RSRP > msgA-RSRP-Threshold).
Based on the above proposals, Table 1 provides a selection rule between 2-step RA and CG for BSR.
Table 1. Proposed selection rule between 2-step RA and CG for BSR
	Available UL resources
	Conditions
	Selected resource

	CG at T1
2-step CFRA resource at T2
	T2 is offset earlier than T1
	2-step CFRA

	
	T2 is offset later than T1
	CG

	CG at T1
2-step CBRA resource at T3
(i.e. no 2-step CFRA resource)
	T3 is offset earlier than T1 AND
RSRP > msgA-RSRP-Threshold
	2-step CBRA

	
	T3 is offset later than T1 OR
RSRP < msgA-RSRP-Threshold
	CG



HARQ retransmission state handling
RAN2 agreed in the last RAN2 meeting to introduce a HARQ retransmission state for a HARQ process, i.e. HARQ state A/B, at least for dynamic grants. Such HARQ retransmission state is basically describing the UE behaviour w.r.t to the retransmission handling, e.g. blind/no UL retransmission or dynamically scheduled retransmissions. The network may consider delay and reliability characteristics of ongoing services when choosing to configure an UL HARQ retransmission state. For HARQ state A it is RAN2’s current understanding that UE behaviour in HARQ state A best supports reception of UL retransmission grant(s) based on UL decoding results. HARQ state B on the contrary best supports no UL retransmission and/or blind UL retransmission.
One issue though is the PUSCH transmission scheduled by RAR during the random access procedure (msg2), which is a dynamically scheduled PUSCH transmission, e.g. in the 4-step contention based random access procedure the RAR schedules PUSCH msg3 transmission and for CFRA RAR schedules a “normal” PUSCH transmission. The HARQ process used for PUSCH scheduled by RAR is fixed in specifications, i.e. HARQ process zero is used for PUSCH transmission scheduled by RAR UL grant. This could be RACH msg3 or for the case of a contention-free RACH procedure a “normal” PUSCH transmission. Since the HARQ process cannot be dynamically selected for a PUSCH transmission scheduled by RAR as for other dynamic PUSCH transmissions, NW has no tight control on the HARQ retransmission state applied for the data transmitted in the PUSCH and accordingly the corresponding UE DRX behaviour. This may lead to a situation that the allocated PUSCH resources cannot be efficiently used by the UE, i.e. the configured LCH restriction may prevent UE from using such allocated PUSCH resources or DRX behaviour is not suitable for the data transmitted on the PUSCH. Therefore, we think that no HARQ retransmission state and related LCH restriction should be applied for a PUSCH scheduled by RAR. 
More in detail, UE should ignore the HARQ process configuration, i.e. HARQ retransmission state configuration, configured for HARQ process=0 for the case of a PUSCH transmission scheduled by RAR. Even though NW may configure HARQ process=0 with a certain HARQ retransmission state, e.g. HARQ state A or B, UE assumes for a PUSCH transmission scheduled by RAR UL grant, e.g. RACH Msg3, that no HARQ retransmission state is configured. This ensures that no LCH restrictions apart from the legacy LCH restrictions are applied for a PUSCH scheduled by RAR. It might be argued that this could be also handled by NW implementation, i.e. NW never configures a HARQ retransmission for HARQ process = 0 in order to ensure that a PUSCH transmission scheduled by RAR UL grant doesn’t undergo any further LCH restrictions (apart from the LCH restrictions defined for Rel-16). However, such solution will be quite restrictive in terms of NW scheduling flexibility in particular given that UE may not perform a RACH procedure very often. It would basically mean that HARQ process = 0 cannot be used by gNB according to its scheduling strategy.
Proposal 6: UE ignores HARQ retransmission state configured for HARQ process = 0 for cases when PUSCH is scheduled by Random Access Response. 
According to the latest RAN2 agreements, the newly introduced HARQ retransmission state configuration (HARQ retransmission state A/B) is at least applicable for dynamic UL grants. For uplink configured grants there are already existing LCH restrictions, i.e. LCH can be restricted/mapped to CG configuration(s). Therefore, applying the same behaviour (HARQ state configuration) as for dynamic grant also for CGs would make things quite complex. Basically, there would be a LCH-to-CG mapping restriction (as defined for Rel-16) and then a further LCH restriction on top based on the HARQ processes used by the CGs. It should be noted that HARQ processes used by a CG configuration are determined based on formula. It may happen that different HARQ processes associated with a CG configuration are configured with different HARQ retransmission states. Therefor we think that UE should also for CG PUSCH transmissions ignores the HARQ retransmission state configuration, e.g. HARQ state A/B, configured for a HARQ process when performing a LCP procedure. UE should only apply the “legacy” Rel-16 restrictions for LCH to CG mapping and assume that any LCH which is according to the Rel-16 LCH restrictions/configurations allowed to use a configured grant should be considered for TB generation – during logical channel selection procedure - even though the corresponding HARQ process may be configured with a HARQ retransmission state.
Proposal 7: UE ignores HARQ retransmission state configured for a HARQ process when performing a LCP procedure for a PUSCH transmission on a configured uplink grant resource


3. Conclusion
In this contribution, remaining UP issues regarding 2-step RA and HARQ retransmission states in NTN are discussed. The following observation are given:
Observation 1: One criterion regarding time or distance can be used in combination with RSRP for RA type selection in NTN.
Observation 2: It is more benefit to use a criterion regarding service requirement (i.e. LCH, QoS, slice) for UEs with time-sensitive service in NTN.
Observation 3: The resource selection can be made at the same time when BSR is triggered as UE has the knowledge of arrival time of configured resources.
Observation 4: If UE selects 2-step RA for BSR transmission, it is possible that UE does not fulfill the 2-step CBRA criterion after it initiates RA.
And we propose:
Proposal 1: RAN2 to consider new criteria for RA type selection combining with RSRP in NTN.
Proposal 2: RAN2 to consider at least one of the following criteria for RA type selection:
a) UE-satellite or UE-gNB RTT, combined with msgA-RSRP-Threshold.
b) QoS requirement of LCH, combined with msgA-RSRP-Threshold.
Proposal 3: To determine the UL resource for BSR (CG or 2-step RA), the arrival time of the next available CG and 2-step RA resource should be considered. E.g. UE may choose the resource in CG and 2-step RA for BSR with earlier arrival time.
Proposal 4: A time offset configured by network can be applied when UE choose the resource in CG and 2-step RA for BSR.
Proposal 5: To determine the UL resource for BSR (CG or 2-step RA), whether UE can use 2-step RA should be considered (whether UE is configured with 2-step CFRA resource or whether UE fulfills RSRP > msgA-RSRP-Threshold).
Proposal 6: UE ignores HARQ retransmission state configured for HARQ process = 0 for cases when PUSCH is scheduled by Random Access Response. 
Proposal 7: UE ignores HARQ retransmission state configured for a HARQ process when performing a LCP procedure for a PUSCH transmission on a configured uplink grant resource
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