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[bookmark: _Ref488331639]Introduction
[bookmark: OLE_LINK1][bookmark: _Ref178064866]A new WID [1] for studying NR to support NTN has been approved in RAN #86 meeting. In the WID, transparent payload based LEO scenario and GEO scenario should be supported in Rel-17. The object for MAC enhancement includes the following.· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· Enhancement on UL scheduling to reduce scheduling latency.
· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 



In this paper, we discuss more details about MAC procedures in NTN.
Discussion
RACH
Initial timing advance during RACH
In the WID, UEs with GNSS capabilities are assumed, and both the cases of UE with and without capabilities of timing and frequency offset pre-compensation are considered in the scope.
Regarding the capability of pre-compensation of timing advance, there may be following two understandings.
· Option 1: with or without capability of timing advance pre-compensation refers to whether UE could compensate timing advance before sending Msg1. 
· Option 2: with or without capability of timing advance pre-compensation refers to whether UE could compensate timing advance before sending Msg1 based on the estimated TA. 
For option 1, UE without capability of timing advance pre-compensation means UE does not compensate timing advance before sending Msg1, while UE with capability of timing advance pre-compensation means UE could compensate timing advance before sending Msg1, based on either the broadcasted common TA value or the TA value estimated by the UE itself. 
For option 2, UE without capability of timing advance pre-compensation means UE does not compensate timing advance before sending Msg1 based on the estimated TA value, but the UE could compensate timing advance before sending Msg1 based on the broadcasted common TA value. While UE with capability of timing advance pre-compensation means UE could compensate timing advance before sending Msg1 based on the estimated TA value.
In our understanding, we think option 2 is the intention to introduce the capability of timing advance pre-compensation, since UE would always be able to compensate timing advance based on network indication. 

In Rel-17 NTN, UE with GNSS capabilities are assumed, and both the cases of UE with and without capabilities of timing and frequency pre-compensation are considered. 
[bookmark: _Toc47685699][bookmark: _Toc47686887]RAN2 confirm that UE with or without capabilities of timing pre-compensation refers to whether UE could pre-compensate TA based on GNSS capability.
If option 2 is the correct understanding, the following framework can be used for UEs with and without capabilities of timing advance pre-compensation to perform 4-step RA procedure.


Figure 1 4-step random access procedure

For a UE without capabilities of timing advance pre-compensation:
1. UE applies the common TA which is broadcasted by network to send Msg1.
2. In Msg2, UE receives a TA adjustment relative to the common TA. Since UE-specific TA is always larger than the common TA, TA command in RAR would always indicate a positive value as legacy.
3. UE adjusts TA based on TA command in RAR. At this moment, both UE and network are aware of the UE-specific timing advance. 
[bookmark: _Toc16850141][bookmark: _Toc20944999][bookmark: _Toc47685700][bookmark: _Toc47686888]If the understanding in proposal 1 is confirmed, for UE without capability of timing advance pre-compensation，the UE sends Msg1 based on the common TA which is broadcasted by network.
For a UE with capabilities of timing advance pre-compensation:
1. UE estimates the TA and applies the estimated TA to send Msg1. More specifically, for transparent payload, UE-specific TA depends on both service link’s delay and feeder link’s delay, where service link’s delay could be estimated by UE based on GNSS positioning and satellite ephemeris, and feeder link’s delay can be broadcasted by network or compensated at network side. 
If the common TA related to feeder link is broadcasted, UE needs to apply the estimated TA related to service link plus the common TA related to feeder link to send Msg1. Otherwise, UE can only apply the estimated TA related to service link to send Msg1, and the common TA related to feeder link will be compensated at network side.
2. In Msg2, UE receives a TA adjustment to correct the UE estimated TA. Since UE may under- or overestimate the TA, TA command in RAR may indicate a positive or negative value. When scheduling Msg3’s transmission, network may not know the exact value of UE-specific TA, due to UE’s autonomous pre-compensation. This can be solved by using the maximum propagation delay of the cell to schedule Msg3’s transmission.
3. UE reports TA in Msg 3, so that network can be aware of the UE-specific TA. In order to reduce the payload for TA reporting, UE can report a TA value relative to the common TA, i.e., the common TA related to service link plus the common related to feeder link, if broadcasted by the network.
[bookmark: _Toc16155842][bookmark: _Toc16495161][bookmark: _Toc16499969][bookmark: _Toc16691943][bookmark: _Toc16850134]For UE with capability of timing advance pre-compensation, TA related to service link can be estimated based on GNSS positioning and satellite ephemeris. 
[bookmark: _Toc20944998][bookmark: _Toc47685701][bookmark: _Toc47686889]For transparent satellite, the common TA related to feeder link can be either broadcasted by the network or compensated at network side.
[bookmark: _Toc47685702][bookmark: _Toc47686890]For transparent satellite, if the common TA related to feeder link is broadcasted, a UE with capability of timing advance pre-compensation applies the estimated TA related to service link plus the common TA related to feeder link to send Msg1. 
[bookmark: _Toc47685703][bookmark: _Toc47686891]For transparent satellite, if the common TA related to feeder link is not broadcasted, a UE with capability of timing advance pre-compensation applies the estimated TA related to service link to send Msg1. 
[bookmark: _Toc47685704][bookmark: _Toc47686892]For UE with capability of timing advance pre-compensation, UE reports a TA value relative to the common TA in Msg3.
ra-ResponseWindow configuration
In RA procedure, after transmission of Msg1, UE starts to monitor PDCCH for Msg2 (i.e. RAR) within the duration of ra-ResponseWindow. 
In terrestrial NR, cell coverage is relatively small and RTD between UE and network is also small, so UE starts to monitor PDCCH for Msg2 at the first PDCCH occasion after Msg1 transmission. The configuration of ra-ResponseWindow is mainly concerned with the delay for processing Msg1 and scheduling Msg2 by network.

In terrestrial NR, the configuration of ra-ResponseWindow is mainly concerned with the delay for processing Msg1 and scheduling Msg2 in NR.

In NTN, due to the large propagation delay, after Msg1 transmission, UE is not expected to receive Msg2 immediately. In NTN R16 SI, it has been agreed to introduce an offset for the start of ra-ResponseWindow for NTN in order to compensate the large RTD, and one of the objectives in R17 NTN R17 WI is as follows:
 
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
In our understanding, the value of the offset for the start of the ra-ResponseWindow could be determined in the following ways:
· Option 1: the offset value is broadcasted by network
· Option 2: the offset value is determined by UE 
For option 1, in order to ensure all the UEs in a cell with different RTD could receive Msg2 within the ra-ResponseWindow, the offset for the start of ra-ResponseWindow broadcasted by network should be equal to the minimum RTD, where the minimum RTD is determined based on the terrestrial location with a minimum distance to the network within the cell, and the ra-ResponseWindow length should cover at least maximum differential RTD within the cell.
For option 2, for the offset value of the start of ra-ResponseWindow, UE could use the estimated RTD related to service link plus the common TA related to feeder link if broadcasted by network as a baseline. For the ra-ResponseWindow length, network could configure it based on the delay for processing Msg1 and scheduling Msg2 as legacy.
Compare the above two options, for option 1, all the UE start ra-ResponseWindow to monitor PDCCH for RAR after a minimum RTD after Msg1 transmission as configured by network. On one hand, for a UE with a RTD longer than the minimum RTD within the cell, the UE would not receive the PDCCH for RAR until a period of RTD has past after Msg1 transmission, so the UE starts ra-ResponseWindow earlier than it should do, which causes unnecessary UE power consumption. On the other hand, for a UE with a RTD shorter than the maximum RTD within the cell, the UE does not need to monitor PDCCH for RAR for such a long time until the end of the long ra-ResponseWindow which is the latest time a PDCCH for RAR is expected by UEs with longest RTD within the cell, which would increase the RA delay for the UE with a RTD shorter than the maximum RTD within the cell. So we think option 2 is beneficial for both UE power saving and RACH delay.
[bookmark: _Toc16855628][bookmark: _Toc20945001]If the offset for the start of ra-ResponseWindow is broadcasted by network, the offset value should be configured as the minimum RTD within the cell, and a long ra-ResponseWindow should be used.
If UE determines the offset for the start of ra-ResponseWindow based on the estimated RTD, network could configure a short ra-ResponseWindow.
Option 1 will cause unnecessary UE power consumption and RACH delay.
[bookmark: _Toc47685705][bookmark: _Toc47686893]The offset value for the start of ra-ResponseWindow is determined by UE.
For option 2, considering that UE may either over-estimate or under-estimate the RTD, if UE sets the estimated RTD value to the offset for the start of ra-ResponseWindow directly, in the case that the estimated RTD is larger than the actual RTD, the UE may miss the RAR reception since the UE starts ra-ResponseWindow later than it should do. One possible solution could be that network can configure a back-off value for UE to apply to the estimated RTD. The exact back-off value depends on the UE’s positioning accuracy.

UE may over-estimate the RTD, in which case the UE may miss the RAR reception since the UE starts ra-ResponseWindow later than it should do.
[bookmark: _Toc47685706][bookmark: _Toc47686894]Network can configure a back-off value for UE to apply to the estimated RTD as the offset value for the start of ra-ResponseWindow.
[bookmark: _Toc47685707][bookmark: _Toc47686895]A UE determines the offset for the start of ra-ResponseWindow based on the estimated the RTD and the back-off value configured by the network.

ra-ContentionResolutionTimer configuration
One objective in NTN R17 WI is as following:
 
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
Regarding the value of the offset for the start of the ra-ContentionResolutionTimer and the value of ra-ContentionResolutionTimer, similar to the case for ra-ResponseWindow, we propose that UE determines the value of the offset for the start of the ra-ContentionResolutionTimer and the value of ra-ContentionResolutionTimer is configured by network.
[bookmark: _Toc47685708][bookmark: _Toc47686896]The offset value for the start of ra-ContentionResolutionTimer is determined by UE.
Different from the case of Msg2 reception, after UE receives Msg2, UE already knows its absolute TA value and this TA value can be used as the starting offset of the ra-ContentionResolutionTimer.
UE already knows its absolute TA after Msg2 reception.
[bookmark: _Toc47685709][bookmark: _Toc47686897]A UE uses its absolute TA value as the offset for the start of ra-ContentionResolutionTimer.
Maintenance for uplink timing advance
For a UE in RRC connection mode, gNB derives TA of that UE from the received UL transmission and provides the TA adjustment to the UE via Timing Advance Command MAC CE. As shown in figure 2, the Timing Advance Command field in Timing Advance Command MAC CE indicates the index value TA (0, 1, 2… 63) used to control the amount of timing adjustment that UE has to apply. The length of the field is 6 bits.


Figure 2 Timing Advance Command MAC CE
With the index value of TA included Timing Advance Command MAC CE, UE shall determine the amount of timing adjustment to apply.
In terrestrial NR, cell coverage is small, so the propagation delay between UE and network is small and variation of the propagation delay is slow. UE does not need to update TA frequently.
UE does not need to update TA so frequently in terrestrial NR.

In NTN, the maximum RTD is 25.77 ms for LEO, which is much larger than that in the terrestrial NR case. In addition, LEO satellites move with high speed relative to a fixed position on earth. Due to this, the propagation delay between UE and LEO satellite changes frequently, which will lead to the frequent update of timing advance. 
Based on the current uplink timing adjustment method, the following issue can be foreseen:
· Issue 1: the frequent update of timing advance for a UE requires large signalling overhead.
· Issue 2: with the large propagation delay, UE cannot update timing advance timely.
UE may need to update TA frequently in LEO scenarios, which leads to large signalling overhead and not timely update of TA.
According to the WID, UEs can support pre-compensation of timing advance. With this in mind, we think these UEs can autonomously acquire their TA based on the UE location and satellite ephemeris, and adjust their TA accordingly. In this way, network does not need to send the TA command frequently, which could reduce the TA command signalling overhead. Considering the UE’s positioning inaccuracy, network could still correct the UE estimated TA, if needed. 

[bookmark: _Toc47685710][bookmark: _Toc47686898]Both UE autonomous TA adjustment and TA adjustment by network need to be supported.
UL scheduling enhancement
When a UE has UL new data and there is no PUSCH resource available for a new transmission, the UE will trigger SR transmission. The typical flow of UL scheduling is shown in figure 3.


Figure 3 UL scheduling flow

It can be seen that it would take two times of RTD at least for the UL data transmission. In NTN, this delay will be much larger than that in terrestrial NR due to the large propagation delay. 
The large propagation delay in NTN leads to the large delay for UL scheduling.

To solve the problem, UL scheduling enhancement was discussed in SI and some possible solutions were given in [2] as below.
Table 1 Scheduling enhancement options 
	
	Scheduling option
	Pros
	Cons
	Delays*

	Legacy
	SR-BSR procedure
	- Low resource overhead required
	- Large delays
	At least 2 RTTs of delay

	Solution 1
	Sending large grant in response to SR
	- Potentially low resource overhead
	- Still takes 2 RTTs before UE has the BSR
- Might be a waste in terms of resources since network is still not aware of the buffer situation of the UE
	1 – 2 RTTs

	Solution 2
	Configured grant
	- Low latency with right configuration
	- Large overhead
- Tradeoff between latency and overhead
	0 – 1 RTT**

	Solution 3
	BSR-indication in SR
	- Low latency with correct configuration
	- Large spec-impact
- Resource overhead impact unclear, larger than SR
	1 RTT

	Solution 4
	BSR over 2-step random access
	- Low latency
- Low overhead
	- RACH resources required
	0 – 1 RTT**

	* the number of RTTs before full scheduling based on BSR can begin.
** if configured grant/2-step allocation is large enough and data can be transmitted in the grant.



In our opinion, all the 4 solutions given in the table above could reduce latency at the cost of larger resource overhead. 
For solution 1, large PUSCH resource is required in response to SR in order to data transmission,
For solution 2, more PUSCH resource is required to send BSR when UL data arrives. 
For solution 3, a UL logical channel is configured with multiple PUCCHs, each of which represents a UL buffer amount level, so that UE could provide a rough UL buffer amount to network via SR based on the selected PUCCH for sending SR. More PUCCH resource is required for this solution. 
For solution 4, both more PRACH and PUSCH resource are required for MsgA. 
Comparing the 4 solutions, the overhead for solution 4 is larger than solution 1 and solution 2 due to more PRACH configuration in solution 4. For solution 3, the PUCCH overhead for rough BSR indication via SR would be less than PUSCH overhead for BSR. So we think the overhead for solution 3 is less than the other solutions, which can achieve a better trade-off between delay and overhead.
BSR-indication in SR would be best trade-off between delay and overhead among the UL scheduling enhancement solutions.
[bookmark: _Toc20945287][bookmark: _Toc47685711][bookmark: _Toc47686899]RAN2 study BSR-indication in SR for UL scheduling enhancement.

HARQ
The RTT in NTN is much longer than that in terrestrial NR, in order to enable continuous data transmission and improve UE throughput, one solution is to disable HARQ. More specifically, for DL, the network could disable uplink HARQ feedback for DL transmission at the UE receiver. For UL, network could schedule UL retransmission for the HARQ process before receiving PUSCH from UE and decoding the received TB for the corresponding HARQ process.
In the SI phase, the configuration issue of enabling/disabling HARQ was discussed in RAN2. For both DL and UL, enabling/disabling HARQ can be configurable on a UE or a HARQ process basis. 
Considering different logical channel may have different QoS requirement, e.g. some logical channels are sensitive to delay, while some others require high reliability. Logical channel with different QoS requirement may need to be mapped to HARQ processes with different attribute, i.e. a HARQ process with enabled HARQ or that with disabled HARQ. For DL, multiplexing logical channels on PDSCH is implemented at network scheduler, while for UL, how to multiplex logical channels on PUSCH, i.e. LCP, is implemented at UE side. In order to satisfy QoS requirement for different UL logical channel, we think enabling/disabling HARQ for UL on a logical channel basis should also be supported.
If enabling or disabling of HARQ is configured per HARQ process, since the HARQ processes with enabled HARQ and the HARQ processes with disabled HARQ may coexist, network could further configure enabling or disabling of HARQ on a logical channel basis. In this case, LCP restriction should be considered.
For UL, if enabling or disabling HARQ is configured per UE, since the HARQ attribute for all the HARQ processes of the UE is the same, there is no need to configure enabling/ disabling HARQ on a logical channel basis, and it has no impact on LCP. 

[bookmark: _Toc47685712][bookmark: _Toc47686900][bookmark: _Toc7107201][bookmark: _Toc20939232]For both UL and DL, enabling/disabling HARQ can be configured per UE or per HARQ process.
[bookmark: _Toc47686901]For UL, if enabling/disabling HARQ is configured on a HARQ process basis, it can be further configured on a logical channel basis.
[bookmark: _Toc47686902]If enabling/disabling HARQ is configured on a HARQ process basis and/or on a logical channel basis, impact of enabling/disabling HARQ on LCP should be considered.

DRX
As mentioned above, enabling/disabling HARQ could be configurable on a per HARQ process basis. In DRX operation, the impact of enabling/disabling HARQ on the timers related to a HARQ process including drx-HARQ-RTT-TimerDL/ drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL/drx-RetransmissionTimerUL should be discussed.
DRX operation in NR
In DL case:
If UE receives a MAC PDU in a configured downlink assignment or if UE receives the PDCCH indicates a DL transmission, the UE stops the drx-RetransmissionTimerDL for the corresponding HARQ process, and start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process after the transmission carrying the DL HARQ feedback.
If the data of the corresponding HARQ process was not successfully decoded, UE starts the drx-RetransmissionTimerDL for the corresponding HARQ process after the expiry of drx-HARQ-RTT-TimerDL.
In UL case:
If UE transmits a MAC PDU in a configured uplink grant or if UE receives the PDCCH indicates a UL transmission, the UE stops the drx-RetransmissionTimerUL for the corresponding HARQ process, and start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process after the PUSCH transmission.
UE starts the drx-RetransmissionTimerUL for the corresponding HARQ process after the expiry of drx-HARQ-RTT-TimerUL.

Impact of enabling HARQ on DRX
In the SI phase, it has been agreed to introduce an offset for the start of drx-HARQ-RTT-TimerDL or  drx-HARQ-RTT-TimerUL for the HARQ process with enabled HARQ.
For DL, the configuration of drx-HARQ-RTT-TimerDL can be the same as legacy, and the offset for the start of drx-HARQ-RTT-TimerDL should consider the propagation delay for ACK/NACK feedback from UE plus PDCCH indicating scheduling a DL retransmission of the UE from network, i.e, a RTD. 
Similarly, for UL, the configuration of drx-HARQ-RTT-TimerUL can be the same as legacy, and the offset for the start of drx-HARQ-RTT-TimerUL should consider the propagation delay of PUSCH transmission from UE plus PDCCH indicating a scheduling UL retransmission of the UE from network, i.e, a RTD. 
For the HARQ process with enabled HARQ, the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL depends on RTD between the UE and network.
For the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL, UE could determine the value in following possible ways:
· Option 1: the offset value is configured explicitly by network
· Option 2: the offset is determined by UE
For both options, the offset value could be determined based on the TA value of the UE. We think there is no need to configure the offset separately as the UE would always maintenance its TA. In addition, in LEO scenarios, due to the high speed motion of satellites, UE’s TA changes frequently, option 1 will lead to frequent reconfiguration of the offset, which further increases the signalling overhead. 
 
[bookmark: _Toc16856124][bookmark: _Toc20987876][bookmark: _Toc47686903]For a HARQ process with enabled HARQ, UE sets the offset value for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL to its TA value.

Impact of disabling HARQ on DRX
In DL case:
If HARQ feedback for a DL HARQ process is disabled, there is no feedback for PDSCH, and network can schedule DL retransmission for the HARQ process without the feedback for the corresponding HARQ process. From UE’s point of view, after a UE finishes the PDSCH reception for a HARQ process, the UE may receive another PDCCH indicating retransmission or new transmisison for the same HARQ process. So when HARQ feedback is disabled for a DL HARQ process, drx-HARQ-RTT-TimerDL does not need to be started since there is no HARQ feedback. In this case, when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process should be studied. There may be two options:
· Option 1: If UE receives a PDCCH indicating a DL transmission, the UE starts drx-RetransmissionTimerDL for the corresponding HARQ process after receiving the PDCCH.
· Option 2: If UE receives a PDCCH indicating a DL transmission, the UE starts drx-RetransmissionTimerDL for the corresponding HARQ process after receiving the PDSCH indicated by the PDCCH.

drx-HARQ-RTT-TimerDL does not need to be started since there is no HARQ feedback
[bookmark: _Toc20987875][bookmark: _Toc47686904]For a DL HARQ process with HARQ feedback disabled, RAN2 further discusses when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process.
In UL case:
In our understanding, for a UL HARQ process with disabled HARQ, gNB can schedule UL retransmission for the HARQ process before receiving PUSCH from UE and decoding the received TB for the corresponding HARQ process. From the UE’s point of view, after a UE finishes the PUSCH transmission for the HARQ process, the UE may receive another PDCCH indicating retransmission or new transmisson for the same HARQ process, so UE should directly start drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission. 
[bookmark: _Ref16778268]drx-HARQ-RTT-TimerUL is not needed if HARQ is disabled.
[bookmark: _Toc20987874][bookmark: _Toc47686905]For UL HARQ disabling, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.

SR
A UE can use a SR to request UL-SCH resources from the gNB for a new transmission or a transmission with a higher priority. A prohibit timer, i.e. sr-ProhibitTimer, can be configured by network to avoid UE from sending SR too frequently. Currently, the maximum value of sr-ProhibitTimer is 128ms. In GEO scenarios, this value range may not be sufficient due to much larger RTD. 
The most straightforward way would be to extend the value range of sr-ProhibitTimer. However, the extension of sr-ProhibitTimer needs to accommodate different scenarios, which means that the set of configurable values has to be extended by a large number of different values. This would cause large signalling overhead. To save signaling overhead, we propose to introduce an offset to the start of sr-ProhibitTimer, where the offset value directly reflects the RTD. 
The value range of sr-ProhibitTimer has to be extended by a large number of different values, which would cause large signalling overhead.
[bookmark: _Toc47686906]Introduce an offset for the start of sr-ProhibitTimer.

Conclusion
Based on the discussion we make the following observation:
1. In Rel-17 NTN, UE with GNSS capabilities are assumed, and both the cases of UE        with and without capabilities of timing and frequency pre-compensation are considered. 
For UE with capability of timing advance pre-compensation, TA related to service link can be estimated based on GNSS positioning and satellite ephemeris. 
In terrestrial NR, the configuration of ra-ResponseWindow is mainly concerned with the delay for processing Msg1 and scheduling Msg2 in NR.
If the offset for the start of ra-ResponseWindow is broadcasted by network, the offset value should be configured as the minimum RTD within the cell, and a long ra-ResponseWindow should be used.
If UE determines the offset for the start of ra-ResponseWindow based on the estimated RTD, network could configure a short ra-ResponseWindow.
Option 1 will cause unnecessary UE power consumption and RACH delay.
UE may over-estimate the RTD, in which case the UE may miss the RAR reception since the UE starts ra-ResponseWindow later than it should do.
UE already knows its absolute TA after Msg2 reception.
UE does not need to update TA so frequently in terrestrial NR.
UE may need to update TA frequently in LEO scenarios, which leads to large signalling overhead and not timely update of TA.
The large propagation delay in NTN leads to the large delay for UL scheduling.
BSR-indication in SR would be best trade-off between delay and overhead among the UL scheduling enhancement solutions.
For the HARQ process with enabled HARQ, the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL depends on RTD between the UE and network.
drx-HARQ-RTT-TimerDL does not need to be started since there is no HARQ feedback
drx-HARQ-RTT-TimerUL is not needed if HARQ is disabled.
The value range of sr-ProhibitTimer has to be extended by a large number of different values, which would cause large signalling overhead.
And we give the following proposals:
1. RAN2 confirm that UE with or without capabilities of timing pre-compensation refers to whether UE could pre-compensate TA based on GNSS capability.
1. If the understanding in proposal 1 is confirmed, for UE without capability of timing advance pre-compensation，the UE sends Msg1 based on the common TA which is broadcasted by network.
1. For transparent satellite, the common TA related to feeder link can be either broadcasted by the network or compensated at network side.
1. For transparent satellite, if the common TA related to feeder link is broadcasted, a UE with capability of timing advance pre-compensation applies the estimated TA related to service link plus the common TA related to feeder link to send Msg1. 
1. For transparent satellite, if the common TA related to feeder link is not broadcasted, a UE with capability of timing advance pre-compensation applies the estimated TA related to service link to send Msg1. 
1. For UE with capability of timing advance pre-compensation, UE reports a TA value relative to the common TA in Msg3.
1. The offset value for the start of ra-ResponseWindow is determined by UE.
1. Network can configure a back-off value for UE to apply to the estimated RTD as the offset value for the start of ra-ResponseWindow.
1. A UE determines the offset for the start of ra-ResponseWindow based on the estimated the RTD and the back-off value configured by the network.
1. The offset value for the start of ra-ContentionResolutionTimer is determined by UE.
1. A UE uses its absolute TA value as the offset for the start of ra-ContentionResolutionTimer.
1. Both UE autonomous TA adjustment and TA adjustment by network need to be supported.
1. RAN2 study BSR-indication in SR for UL scheduling enhancement.
1. For both UL and DL, enabling/disabling HARQ can be configured per UE or per HARQ process.
1. For UL, if enabling/disabling HARQ is configured on a HARQ process basis, it can be further configured on a logical channel basis.
1. If enabling/disabling HARQ is configured on a HARQ process basis and/or on a logical channel basis, impact of enabling/disabling HARQ on LCP should be considered.
1. For a HARQ process with enabled HARQ, UE sets the offset value for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL to its TA value.
1. For a DL HARQ process with HARQ feedback disabled, RAN2 further discusses when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process.
1. For UL HARQ disabling, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
1. [bookmark: _GoBack]Introduce an offset for the start of sr-ProhibitTimer.
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