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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In [Post112-e] [152] [NTN], the UL Scheduling enhancements were well discussed. The following proposals were summarized in email discussion:
	· RAN2 support configured grant in NTN for UL scheduling.
· Baseline is that BSR can be sent over 2-step RACH which is triggered by existing events, i.e. no spec impact. Whether to introduce a new trigger (e.g. BSR) for 2-step RACH can be further studied.
· limiting the use of 2-step RACH for BSR transmission can be up to network implementation. RAN2 can come back to this if new trigger for 2-step RACH is introduced.
· RAN2 support BSR over 2-step RACH in NTN for UL scheduling.
· 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 can be further studied.


Discussion
The trigger conditions of BSR over 2-step RACH
[bookmark: OLE_LINK27]For the current specification of UL Scheduling, if the maximum number of SRs is sent or if the PUCCH SR resources are not allocated, the random access will be triggered. In NTN, if the BSR can be sent over 2-step RACH which is triggered by existing events [1], i.e. RA-SR, it has no spec impact. However, according to current specification, the UE will select the 2-step RA or the 4-step RA when the RA procedure is triggered for SR. If the UE selects the 4-step RA, it will introduce 2 Round-trip times. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK30]Meanwhile, the SR will be sent when the PUCCH resources of SR are configured if the SR is triggered, it would take at least 2 Round-trip times to send UL-SCH data. Although BSR over 2-step RACH can be triggered if PUCCH resources of SR is not configured by network, a new problem will be introduced how to select 2-step RA or 4-step RA according to the existing protocol. 
[bookmark: _GoBack]Proposal 1: If the current specification is a baseline, RAN2 should discuss how to select the 2-step RA type in NTN when the RA procedure is triggered by SR procedure.
Here is one more candidate solution: BSR triggers the 2-step RACH directly without SR. BSR can trigger the 2-step RACH for avoiding the new problems introduced by current specification.
Proposal 2: BSR triggers the 2-step RACH directly without SR can be introduced as a enhancement of UL scheduling.
The Restrictions of using BSR over 2-step RACH
2-step random access procedure, which can be helpful in reducing transmission delay, has been identified to be beneficial for NTN. In non-terrestrial networks the drawback of TN UL scheduling is that 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 [5].  Form the [Post112-e] [152] email discussion, BSR over 2-step RACH was agreed to reduce the delay of UL scheduling in NTN.
According to the Performance requirements for satellite access of Table 7.4.2-1 in the TS22.261, the required overall user density is [100]/km2 [2]. According to the Table 7.2.1.1.1.1-2 in the TR38.821, for LEO with 26000 km2 of coverage, the supported UE density is [101]/km2 when the one RACH per 10 min per UE [3]. It means that a UE need to guarantee random access at most one time per 10 mins. The Table 7.2.1.1.1.1-2 in the TR38.821 is as following:
Table 7.2.1.1.1.1-2: Supported UE density for typical GEO and LEO cell
	
	Coverage (km2)
	RACH per second per UE
	Supported UE density

	GEO
	650000 (hex with r=500km)
	1.157 * 10-5 (= 1 time per day per UE)
	~596 UE/km2

	
	650000
	2.78 * 10-4 (= 1 time per hour per UE)
	~25 UE/km2

	
	650000
	0.0017 (= 1 time per 10 min per UE)
	~4 UE/km2

	
	162500 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~2383 UE/km2

	
	162500 
	2.78 * 10-4 (= 1 time per hour per UE)
	~99 UE/km2

	
	162500 
	0.0017 (= 1 time per 10 min per UE)
	~16 UE/km2

	LEO
	26000 (hex with r=100km)
	1.157 * 10-5 (= 1 time per day per UE)
	~14893 UE/km2

	
	26000
	2.78 * 10-4 (= 1 time per hour per UE)
	~620 UE/km2

	
	26000
	0.0017 (= 1 time per 10 min per UE)
	~101 UE/km2

	
	6500 (hex with r=50km)
	1.157 * 10-5 (= 1 time per day per UE)
	~59571 UE/km2

	
	6500
	2.78 * 10-4 (= 1 time per hour per UE)
	~2479 UE/km2

	
	6500
	0.0017 (= 1 time per 10 min per UE)
	~405 UE/km2


Observation 1: For LEO with 26000 km2 of coverage, a UE need to guarantee random access at most one time per 10 mins.
The probability of UEs using random access resources may be increased because of the mobility of some satelite types, e.g. LEO, the RACH resources may be shortage in NTN.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]In current specification, after the BSR is triggered, the SR will be triggered if there is no UL-SCH resources to send BSR or the UL-SCH resources do not meet the LCP mapping restrictions. Only if there is no PUCCH resource configured for SR, the Random Access procedure will be initiated for sending BSR, e.g. the MSG3 of 4-step RACH or the MSGA of 2-step RACH. In NTN, if the BSR is triggered, the BSR can be sent over 2-step RACH. Therefore, compare with TN, the frequency of using 2-step RACH to send BSR is increased in NTN. For another aspect, the 2-step RACH can also be used for BFR/HO or RA procedure etc. Therefore, the restrictions of using BSR over 2-step RACH may be considered for reducing the collision probability and usage frequency of 2-step RACH resource.
[bookmark: OLE_LINK42][bookmark: OLE_LINK41]Proposal 3：In NTN, the restrictions of using BSR over 2-step RACH may be considered for reducing the collision probability and usage frequency of 2-step RACH resource.
Co-existence issue of BSR over CG and BSR over 2-step RACH
As BSR over 2-step RACH and BSR over CG are both supported in NTN, the specification impacts on how to use these two methods properly may be studied first. On the current specification, if the BSR is triggered, the UE confirm that whether the UL-SCH resources are available. If there are UL-SCH resources to send BSR, the BSR will be transmitted over the UL-SCH resources. For the NTN, the UL-SCH resources are configured grants. If the configured uplink grants and 2-step RACH resources are both available for the UE, there are two options for UE to decide which resources the UE may choose:
Option 1: The UE may be expected to select the configured grants to send the BSR since using the 2-step RACH resource to send BSR may introduce the collision of 2-step RACH resources.
Option 2: Introduce a timer to control when to use the configured grant and when to use the 2-step RACH resource.
For the option 1, the specification impact is relatively small, like the current specification. The UE determines if there are available configured grants at first, then only when there are no configured grants or the configured grants do not meet the LCP mapping restrictions, the BSR can be sent over 2-step RACH.
For the option 2, if the configured grants are arrived when the timer is running, the UE will send the BSR over CG. If the configured grants are not arrived when the timer is running, the UE will use the 2-step RA to send BSR. The benefit of option2 is to reduce delay by avoiding waiting for the long periodicity of CG.
Proposal 4: After the BSR is triggered, if the configured uplink grants and 2-step RACH resources are both available for the UE, RAN2 can discuss the feasibility of the following two options for UE to decide which resources the UE may choose:
Option 1: The UE may be expected to select the configured grants to send the BSR since using the 2-step RACH resource to send BSR may introduce the collision of 2-step RACH resources.
Option 2: Introduce a timer to control when to use the configured grant and when to use the 2-step RACH resource.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: If the current specification is a baseline, RAN2 should discuss how to select the 2-step RA type in NTN when the RA procedure is triggered by SR procedure.
Proposal 2: BSR triggers the 2-step RACH directly without SR can be introduced as a enhancement of UL scheduling.
Observation 1: For LEO with 26000 km2 of coverage, a UE need to guarantee random access at most one time per 10 mins.
Proposal 3：In NTN, the restrictions of using BSR over 2-step RACH may be considered for reducing the collision probability and usage frequency of 2-step RACH resource.
Proposal 4: After the BSR is triggered, if the configured uplink grants and 2-step RACH resources are both available for the UE, RAN2 can discuss the feasibility of the following two options for UE to decide which resources the UE may choose:
Option 1: The UE may be expected to select the configured grants to send the BSR since using the 2-step RACH resource to send BSR may introduce the collision of 2-step RACH resources.
Option 2: Introduce a timer to control when to use the configured grant and when to use the 2-step RACH resource.
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