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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)
The details of how to apply configured grant (CG) and BSR over 2-step RACH in NTN were discussed in email discussion [POST112-e][152][NTN] UL scheduling enhancements (Oppo). However, as UE may be configured with multiple BSR reporting resources (e.g. via PUCCH SR, CG, 2-Step RACH, 4-Step RACH or dynamic scheduled PUSCH), there is no consensus on the BSR reporting resources co-existence, and how UE should select the proper BSR resource. 
Additionally, reporting UE-calculated TA to NW was agreed as FFS in RAN2#112e meeting.
UP Agreement #3
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

In this contribution, we want to discuss the UL scheduling enhancements and UE estimated TA reporting in NTN.
2	Discussion
2.1	BSR over 2-step RACH
For RRC Connected mode UE in NTN, 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 [2]. With the introduction of 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.
In legacy, the UE will trigger a BSR at new data arrival and if there is no UL-SCH resource available it will trigger an SR. If either a maximum number of SRs are sent or if no PUCCH SR resources are allocated, then the UE will trigger Random Access. 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. However, the details implementation on how BSR can directly trigger 2-step RACH need further discussion because it is related to the BSR reporting resource co-existence issue (e.g. PUCCH SR co-existence with 2-step RACH).
Proposal 1: To support UL scheduling delay reduction by 2-step RACH, BSR directly triggered 2-step RACH should be supported. 
2.2	BSR reporting resource co-existence
Based on current WI discussion/conclusion in NTN, for UE in RRC Connected mode, UE may report BSR with five options: 
· Available dynamic scheduled PUSCH resources for a new transmission (legacy)
· 4-step RACH procedure (in legacy, RA is only triggered if no dedicated SR or maximum number of SRs are sent)
· SR-BSR procedure (legacy)
· Configured Granted PUSCH (legacy)
· 2-step RACH MsgA triggered by BSR (new in NTN, note that in legacy RA only triggered if no dedicated SR or maximum number of SRs are sent)
Considering the 4-step RACH resource should always be configured to UE as last resort to guarantee UE access to system, and dynamic scheduling is not semi-static configured by RRC, here we would like to discuss the co-existence of last three options which can be semi-static configured by RRC. In theory, there are possible 7 configurations where NW can configure three types of resource to UE via RRC to enable UE report BSR.
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
	√
	√
	√



We understand the BSR reporting resource co-existence issues includes two aspects. 
1. For an LCH, which configuration above can be supported in NTN. 
2. Furthermore, in configuration#4/#5/#6/#7 where multiple resources configured to UE simultaneously, how UE select the BSR reporting resource to report BSR.
In our view, ideally, the option which should be selected for an LCH should base on LCH’s QoS requirement. 
· For LCH with time sensitive service, NW should configure 2-step RACH and/or Configured Grant to UE to report BSR. (Configuration#2 or #3)
· For LCH with delay-tolerant service, NW may follow legacy handling and configure PUCCH SR configuration to UE to report BSR via SR-BSR procedure because SR-BSR solution is more efficient than other two options from resource utilization pov. (i.e. without PUSCH reservation compared other options).  (Configuration#1)
NW should also configure proper periodicity for 2-step RACH/CG/PUCCH SR to make sure the LCH’s service requirement can be met.
Proposal 2: The BSR reporting resource types which should be selected for an LCH should base on LCH’s QoS requirement.
However, for LCH with delay-tolerant service, it is also possible UE is configured with both CG for data transmission and PUCCH SR configuration (i.e. Configuration#5). Thus, there may be a co-existence issue between PUCCH SR and configured grant. i.e. how UE select the BSR resource to report BSR if both PUCCH SR and CG resource configured simultaneously.
Similarly, for LCH with time sensitive service, it is also possible UE is configured with both CG for data transmission and BSR triggered 2-step RACH (i.e. Configuration#6). In email discussion [POST112-e][152], it seems all companies agreed that, “UE in NTN can have both 2-step RACH and configured grant as valid configurations”. Thus, there may be a co-existence issue between 2-step RACH and configured grant. i.e. how UE select the BSR resource to report BSR if both 2-step RACH and CG resource configured simultaneously.
For other Configurations (i.e. Configuration#4/#7) in Table 1, it seems not reasonable to configure PUCCH SR and BSR triggered 2-Step RACH simultaneously to the same LCH as they have different scheduling delay target. However, it could be supported if any user scenario can be found. 
Observation 2: There may be co-existence issues between PUCCH SR and Configured Grant, 2-step RACH and Configured Grant, at least.
In email discussion [POST112-e][152], another BSR over 2-step RACH issue mentioned as “2-step CBRA may suffer RACH failure due to collision, which also makes the ultimate latency less predictable”. Furthermore, UE may need multiple RACH attempts for power-ramping to access system successfully. This will 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 is un-predictable, which may be higher than CG or even the legacy SR-BSR procedure.
Observation 3: BSR over 2-step RACH may suffer preamble collision and multiple power-ramping attempts which cause the ultimate latency of BSR over 2-step RACH un-predictable.
If NW can differentiate preamble collision probability for UEs in CONNECTED mode and UEs in IDLE/INACTIVE, it will mitigate the latency un-predictable issue with cost of much more resource consumption/reservation. However, the latency unpredictable issue cannot be solved totally. RAN2 may need to consider this issue when deciding the supported BSR reporting resource types co-existence (e.g. Configuration#4 may be possible to utilize SR-BSR procedure to guarantee predictable latency).
Proposal 3: The un-predictable latency issue for BSR over 2-step RACH should be considered when deciding other BSR reporting resource co-existence with 2-step RACH.
Proposal 4: RAN2 to decide which BSR reporting resource types can be configured simultaneously to the same LCH.
If multiple RRC semi-static configured resources are configured to UE, how UE selects the BSR reporting resource to report BSR is the next question. In email discussion [POST112-e][152] Question 10: Do companies agree that “For a UE configured with both CG and 2-step RACH,  whether the UE triggers 2-step RACH for BSR transmission is up to UE implementation”?, there are different views on this topic and further discussion is needed.
Though BSR over 2-step RACH and Configured Grant may provide short UL scheduling delay than legacy SR-BSR procedure, we think 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 5: 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 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 for each type of resource and cell’s RTT. 
For example, a UE is configured with CG and PUCCH SR which both can be used to BSR reporting while their periodicity is quite different. Let’s assume 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 should select T2 or T3 depends on  time interval between T2,T3 and cell’s RTT (e.g. maximum RTT of the cell).
· If time interval 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), UE should select first available BSR sending occasion to send BSR.
Proposal 6: The UE selects the BSR resource results in shortest estimated scheduling delay should take the cell's RTT into account.

2.3	UE-calculated TA Report
For UE with capability of timing advance(TA) pre-compensation, UE should first estimate the timing advance with respect to the satellite before UE sending Msg1 based on UE received GNSS information (e.g. GNSS location or GNSS timestamp information). Then UE will apply UE’s estimated TA (with or without additional NW broadcast feeder link’s delay) in Msg1 transmission. Figure2 illustrates the framework on 4-step Random Access Procedure for UE with pre-compensation capability.
[image: ]
Figure 2: 4-step RA procedure for UE with pre-compensation capability
After Step3, UE will get the UE-calculated TA (i.e. UE estimated TA + RAR TAC adjustment) while NW has no such information. Thus, RAN2#112e meeting has decided to discuss whether UE should report UE-calculated TA (i.e. UE-estimated TA) to NW. According to RAN2 discussion, the possible PUSCH message to carry this TA value may be MsgA in 2-step RACH, Msg3 in 4-step RACH, Msg5 in 4-step RACH.
With information of UE-calculated TA value added to e.g. MsgA PUSCH as overhead, there is an increase the MsgA PUSCH payload size. 
· For the Rel-16 NR MsgA PUSCH size: the minimum payload size is 56/72 bits, with content which includes the same information that can be conveyed in Msg3 for 4-step RACH
· While for the proposed absolute calculated TA value in MsgA: TBD bits which will be determined by RAN2 (FFS). (12 bits for 2ms in legacy NR, but now NTN UE need to support up to 541ms in GEO)
The same issue also exists in 4-step RACH if UE-calculated TA value added to e.g. Msg3. So, RAN2 need to carefully design the TA granularity to be reported to NW, to minimize the overhead impact to PUSCH. 
Observation 4: UE-calculated TA value reported to NW via MsgA or Msg3 will add more overhead to PUSCH, while how to encode reported TA is FFS.
Before NW achieved UE-specific TA, NW need to schedule Msg3 via RAR considering the maximum TA of the cell. In RAN2#112e meeting agreements, for Msg3 scheduling, it is up to NW implementation to ensure sufficient time on UE side for the Msg3 transmission. 
Agreements:
1. 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.

From NW point of view, one possible implementation (as mentioned by [1]) is that, gNB scheduled all UE’s Msg3 in a way that gNB will receive all the Msg3 transmissions after max_TA + k2 slots have passed since the gNB sent Msg 2. This means NW will receive all the PUSCH transmissions from different UEs in the same slot (e.g. slot n) if the NW has scheduled these UEs in the same scheduling slot (e.g. slot m). That is, if NW has scheduled UEs considering maximum TA of the cell only, NW can receive all the PUSCH transmissions from different UEs in the same slot assuming these UEs are scheduled in the same scheduling slot.
[bookmark: _GoBack]On the contrary, if NW can achieve all UE’s UE-specific TA, NW may schedule PUSCH considering TA equal to the maximum RTT of UEs to be scheduled in current scheduling slot, or even schedule PUSCH using TA considering UE-specific TA. This means NW will receive PUSCH transmissions from different UEs in different slot (e.g. slot n, n+1…n+x) even if the NW has scheduled these UEs in the same scheduling slot (e.g. slot m) with same k2. Though the scheduling delay may be reduced, it will add complexity for NW to schedule UEs, because NW has to consider not only UE to be scheduled in current scheduling slot, but also the UE (already) scheduled in previous slots and check if the  scheduled UEs from different scheduling slot have same PUSCH transmission slot. (e.g. both slot m and slot m-1 will schedule UEs transmission in slot n). 
Observation 5: If NW schedules UE considering UE-specific TA, the scheduling delay may be reduced while the NW implementation complexity may be increased, especially in NTN where the UE’s differential delay within a cell is up to 10.3 ms.
For scenarios where the cell size is small enough to limit all UE’s differential RTT (where the differential RTT from all UEs in the cell is not very large and close to the maximum RTT of the cell) or when the UE has no time critical service, it is feasible to schedule UE with maximum TA of the cell. Otherwise, NW schedules UE with UE-specific TA can be adopted. In these scenarios where UE scheduled with maximum TA (maximum RTT), it is not necessary to ask UE report UE-calculated TA.
To leave the flexibility to NW to balance the PUSCH overhead (e.g. PUSCH coverage), the PUSCH scheduling delay as well as NW implementation complexity, it is proposed that whether UE report UE-calculated TA and in which message the report should be included should be controlled by network..
Proposal 7: Whether UE report UE-calculated TA to NW and in which message the report should be included should be controlled by NW.
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: There may be co-existence issues between PUCCH SR and Configured Grant, 2-step RACH and Configured Grant, at least.
Observation 3: BSR over 2-step RACH may suffer preamble collision and multiple power-ramping attempts which cause the ultimate latency of BSR over 2-step RACH un-predictable.
Observation 4: UE-calculated TA value reported to NW via MsgA or Msg3 will add more overhead to PUSCH, while how to encode reported TA is FFS.
Observation 5: If NW schedules UE considering UE-specific TA, the scheduling delay may be reduced while the NW implementation complexity may be increased, especially in NTN where the UE’s differential delay within a cell is up to 10.3 ms.

Based on the discussion in section 2 we propose the following:
Proposal 1: To support UL scheduling delay reduction by 2-step RACH, BSR directly triggered 2-step RACH should be supported. 
Proposal 2: The BSR reporting resource types which should be selected for an LCH should base on LCH’s QoS requirement.
Proposal 3: The un-predictable latency issue for BSR over 2-step RACH should be considered when deciding other BSR reporting resource co-existence with 2-step RACH.
Proposal 4: RAN2 to decide which BSR reporting resource types can be configured simultaneously to the same LCH.
Proposal 5: 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.
Proposal 6: The UE selects the BSR resource results in shortest estimated scheduling delay should take the cell's RTT into account.
Proposal 7: Whether UE report UE-calculated TA to NW and in which message the report should be included should be controlled by NW.
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