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1	Introduction
On UL scheduling enhancements in NTN, in RAN2#111e meeting, some initial agreements were made as below.
Agreements via email - from offline 107:
1. At least the following methods to enhance UL scheduling are further studied in NTN: configured grant and BSR over 2-step RACH. (other solutions to enhance UL scheduling are not precluded)
RAN2#113e meeting confirmed that both 2-step RACH and configured grant can be configured to NTN UE at the same time.  
	Agreements:
4.    UE in NTN can have both 2-step RACH and configured grant configurations at the same time.


For a UE configured with both CG and 2-step RACH, how the UE sends BSR is still open. Furthermore, one UE may be configured with multiple BSR reporting resources (e.g. via PUCCH SR, CG, 2-Step RACH), there is no consensus on the BSR reporting resources co-existence, and how UE should select the proper BSR resource. 
In this contribution, we want to discuss the UL scheduling enhancement focusing on BSR reporting in NTN.
2	Discussion
2.1	BSR over 2-step RACH
According to current WI discussion in NTN, BSR over 2-step RACH need further studied. For RRC Connected mode NTN UE, the legacy SR-BSR procedure which trigger the NW to schedule UL data has a big drawback, as it would take at least 2 Round-trip times from data arriving in the buffer at the UE side until it can be properly scheduled with resources that would fit the data and the required QoS [1]. With the introduction of BSR over 2-step RACH, when a UE has UL new data and BSR is triggered, the UE will be able to report BSR through MsgA in 2-step RACH, thus the UL scheduling delay could be reduced by at least one RTT compared to the legacy SR-BSR procedure. So, the motivation of BSR over 2-step RACH in NTN is to reduce the UL scheduling delay.
Observation 1: The motivation to introduce BSR over 2-step RACH in NTN is to reduce the UL scheduling delay.
From UE's point of view, not all services require fast grants but are rather non-delay sensitive service. Since 2-step RACH consume more radio resources (e.g. PUSCH reservation for MsgA) than PUCCH SR, to improve resource utilization efficiency and avoid 2-step RACH overload, it is reasonable to select 2-step RACH for time-critical service while select 4-step RACH or SR-BSR procedure for delay-tolerant service. Thus, UE may need support QoS requirement differentiation (e.g. latency requirement of different UL logical channel) to trigger BSR over 2-step RACH.
Proposal 1: LCH-based 2-step RACH selection should be supported. BSR over 2-step RACH should be selected for LCH with time-critical service.
In Rel-16, both 2-step CFRA and CBRA are supported. CFRA is one option to avoid RACH collision, however, it can only be used in scenario of Handover instead of all UEs in RRC Connected. To fulfil BSR reporting latency reduction for all UE, it is reasonable that BSR over 2-step RACH can be supported in both CFRA and CBRA.
Proposal 2: BSR over 2-step RACH can be supported in both CFRA and CBRA. 
According to current NR specification [2], the UE will trigger a BSR at new data arrival or higher priority LCH data arrival. If there is no UL-SCH resource available (or when the data cannot be transmitted on the UL-SCH, e.g., because allowedCG-List disallows it in LCP), it will trigger an SR. If either a maximum number of SRs are sent or if no valid PUCCH SR resources configured for the pending SR, the UE will trigger random access which may or may not be 2-step RACH.
To reduce UL scheduling delay via reporting BSR over 2-step RACH, it is not reasonable to wait UE sent maximum number of SRs (with multiple RTT delays) and then trigger 2-step RACH. So, we would assume BSR triggered 2-step RACH should be supported instead of after maximum number of SR attempts as legacy. 
Proposal 3: BSR directly triggered 2-step RACH should be supported. 
To facilitate UE trigger 2-step RACH directly for BSR, two options can be considered.
· Option1: NW does not configure PUCCH SR resources for a time-sensitive LCH, UE trigger a 2-step RACH for an BSR triggered by the LCH
· Option2: UE trigger a 2-step RACH immediately for an BSR even the corresponding LCH has valid PUCCH SR resources
Option1 is legacy UE behaviour which network should not configure SR resources for the LCH to enable direct 2-step RACH usage. The LCH-based BSR over 2-step RACH can be supported even without any specification change. However, in [POST112-e][152] email discussion, companies show concerns on RACH failure due to collision in 2-step CBRA (since 2-step CFRA only applies to the case of handover), which may result in the latency of BSR reporting less predictable. Furthermore, UE may need multiple RACH attempts for power-ramping to access system successfully, which may also extend the BSR report latency. Considering the possible preamble collision and power-ramping attempts in 2-step RACH, the ultimate latency of BSR over 2-step RACH reporting may be unpredictable, which may be higher than CG or even the legacy SR-BSR procedure.
Observation 2: The ultimate latency of BSR over 2-step RACH may be unpredictable, considering the RACH collision and power-ramping which cause multiple RACH attempts.
For LCH time-critical service, sending the BSR over 2-step RACH only may be a sub-optimal option since the un-predictable latency. To mitigate the issue, option2 provides a more robust BSR sending mechanism where the UE may selectively trigger one or both of 2-step RACH and SR-BSR procedure for an BSR, based on some criteria such as 2-step RACH RSRP threshold to make sure 2-step RACH can be used only if it is reliable enough. 
Proposal 4: 2-step RACH can be selectively triggered for an BSR for LCH with valid PUCCH SR resources. 
However, option2 need specification change. E.g. For the LCH with valid SR resource, criteria on how UE select between SR resource and 2-step RACH, or both can be triggered for BSR reporting. This will be discussed in section2.2.
2.2	BSR reporting resource selection
In RAN2-113e meeting, RAN2 agreed that both 2-step RACH and configured grant can be configured to NTN UE at the same time. Together with legacy SR-BSR procedure, UE may report BSR with below three options which can be semi-static configured by RRC:
· SR-BSR procedure 
· Configured Granted PUSCH 
· 2-step RACH MsgA triggered by BSR 
There are possible 7 configurations where NW can configure three types of resource to UE via RRC to enable UE report BSR. As indicated by TR38.821 [1], RTT in NTN can be up to 541ms. Since UE may take 1 or 2 RTT to report BSR to NW, the schedule delay is quite different in different BSR reporting options as illustrated in the table. 
Table1: BSR reporting resource in NTN
	 RRC Config
	SR-BSR procedure
(with 2 RTT schedule delay)
	2-step RACH 
(within 1 RTT schedule delay)

	Configured Grant 
(within 1 RTT schedule delay)

	Configuration#1
	√
	 
	 

	Configuration#2
	 
	√
	 

	Configuration#3
	 
	 
	√

	Configuration#4
	√
	√
	 

	Configuration#5
	√
	 
	√

	Configuration#6
	 
	√
	√

	Configuration#7
	√
	√
	√



In Rel-16 NR, the selection of 2-step RACH or 4-step RACH is performed by configured criteria based on RSRP. If the RSRP is above this threshold (UEs having high channel quality), the UE will select 2-step RACH. This threshold can be re-used for BSR triggered 2-step RACH. 
Proposal 5: RSRP threshold configured for 2-step and 4-step RA type selection should be used for BSR triggered 2-step RACH.
If multiple RRC semi-static configured resources are configured to UE at the same time, on top of the RSRP threshold for 2-step RACH selection, how UE selects the BSR reporting resource should be discussed. 
Though BSR over 2-step RACH and Configured Grant may provide short UL scheduling delay than legacy SR-BSR procedure, both of them consume more radio resources (e.g. PUSCH reservation) than PUCCH SR. So, in any scenarios that configured with low latency resource (i.e. CG/2-step RACH with 1 RTT scheduling delay) and high latency resource (i.e. PUCCH SR with 2 RTT scheduling delay), the selection of the resource/mechanism could depend on the QoS requirement of the LCH that triggers the BSR.
· For LCH with delay-tolerant service, the UE selects the configured PUCCH SR resource, because SR-BSR solution is more efficient than other two options from resource utilization point of view.
· For LCH with time sensitive service, the UE selects the resource results in shortest estimated scheduling delay. 
Proposal 6: If multiple BSR reporting resources are configured, the selection of the resource could be depending on the QoS requirement of the LCH that triggers the BSR. For LCH with delay-tolerant service, the UE selects the configured PUCCH SR resource. For LCH with time sensitive service, the UE selects the resource results in shortest estimated scheduling delay.
For LCH with time sensitive service, how UE select the resource results in shortest estimated scheduling delay depending on not only the scheduling delay RTT of each BSR reporting resource, but also the separate periodicity which will determine the BSR reporting occasions and cell’s RTT. 
For example, assuming a UE is configured with CG and PUCCH SR which both can be used to BSR reporting while their periodicity is quite different. If the first PUCCH SR occasion is at T2 and the next CG occasion is at T3. At T1, the UE has UL new data arrival and BSR is triggered, the issue is that UE should select PUCCH SR (T2) or CG occasion (T3) to transmit BSR.
Though UL scheduling delay of CG could be reduced by one RTT compared to the legacy SR-BSR procedure because of less round of message exchange, we think UE selects T2 or T3 depends on  time interval between T2,T3 and cell’s RTT (e.g. maximum RTT of the cell).
· If time interval between T2 and T3 is larger than cell’s RTT, then UE should select PUCCH SR (at T2) to trigger BSR sending.
· Otherwise, UE should select CG occasion (at T3) to send BSR.
[image: ]
Figure 1: BSR reporting resource selection considering time interval
Of course, if all the available BSR sending occasions after trigger slot have the same UL scheduling RTT delay (e.g. 2-step RACH and CG), on top of the RSRP threshold for 2-step RACH selection, UE should select first available BSR sending occasion to send BSR.
Proposal 7: How UE select BSR resource which result in shortest estimated scheduling delay should consider both the resource occasion and cell’s RTT.
Furthermore, in the case BSR over 2-step RACH and PUCCH SR resource configured to UE at the same time, even if 2-step RACH is selectively triggered based on RSRP threshold, the BSR over 2-step RACH may fail because of RACH collision. Since the PUCCH SR resource is anyway reserved for UE, triggering SR-BSR procedure in parallel with BSR over 2-step RACH can be further studied.
Proposal 8: Triggering BSR over 2-step RACH procedure in parallel with SR-BSR procedure can be further studied.
3	Conclusion
In section 2 we made the following observations:
Observation 1: The motivation to introduce BSR over 2-step RACH in NTN is to reduce the UL scheduling delay.
Observation 2: The ultimate latency of BSR over 2-step RACH may be unpredictable, considering the RACH collision and power-ramping which cause multiple RACH attempts.
Based on the discussion in section 2 we propose the following:
Proposal 1: LCH-based 2-step RACH selection should be supported. BSR over 2-step RACH should be selected for LCH with time-critical service.
Proposal 2: BSR over 2-step RACH can be supported in both CFRA and CBRA. 
Proposal 3: BSR directly triggered 2-step RACH should be supported. 
Proposal 4: 2-step RACH can be selectively triggered for an BSR for LCH with valid PUCCH SR resources. 
Proposal 5: RSRP threshold configured for 2-step and 4-step RA type selection should be used for BSR triggered 2-step RACH.
Proposal 6: If multiple BSR reporting resources are configured, the selection of the resource could be depending on the QoS requirement of the LCH that triggers the BSR. For LCH with delay-tolerant service, the UE selects the configured PUCCH SR resource. For LCH with time sensitive service, the UE selects the resource results in shortest estimated scheduling delay.
Proposal 7: How UE select BSR resource which result in shortest estimated scheduling delay should consider both the resource occasion and cell’s RTT.
Proposal 8: Triggering BSR over 2-step RACH procedure in parallel with SR-BSR procedure can be further studied.
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