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Introduction

This contribution intends to discuss the propagation delay’s impact on UP timers and potential solutions.
Discussion 
Revisit agreements made on SI phase
During study item phase, two principles, i.e. applying an RTD related compensation offset and increasing the value range,  have been agreed to be jointly or separately used to adjust timer or window configuration in NTN[1]. 
Applying an RTD related compensation offset
Agreements have been made to add on offset to delay the start of following timers/windows during SI phase:

ra-ResponseWindow 
ra-ContentionResolutionTimer

drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL in case HARQ feedback is enabled;
Since there is no new requirement has been identified, it is proposed to confirm the agreements made during SI phase is RAN2’s common understanding on how to deal with above mentioned timers. 
Proposal 1: Confirm the understanding that an configurable offset can be used to delay the start of following timers:ra-ResponseWindow,ra-ContentionResolutionTimer,drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL in case HARQ feedback is enabled.
Considering 2step RACH have been supported in R16, which can reduce the access delay significantly, it is of great beneficial to support it as well in NTN as proposed in our other contrition[2]. In this case, similar to RAR window, an configurable offset shall also be used to delay the start of MSGB window as well.

Proposal 2: An RTD related offset can be used to delay the start of MSGB window as well.

UE with pre-compensation capability
For UE with the ability to perform pre-compensation of TA and frequency offset, it can by implementation to delay the start of above timers mentioned by itself with the RTD it estimated.

Proposal 3: For UE with pre-compensation capability, it can by implementation to delay the start of ra-ResponseWindow/ra-ContentionResolutionTimer/MSGB-window and drx-HARQ-RTT-TimerDL/drx-HARQ-RTT-TimerUL in case HARQ feedback is enabled
UE without pre-compensation capability
If UE without the capability to perform pre-compensation will be supported in NTN, a configurable offset shall be broadcasted to delay the start of above timers mentioned. Considering the offset is used to compensate the significant propagation delay in NTN, it is no need to separately configure independent offset for each cases, instead one common offset shall be sufficient.

Proposal 4: For UE without pre-compensation capability, if supported, a common configurable offset is broadcast in system information for UE to delay the start of timers.

Extension of value range
There are also agreements to extend the value range of sr-ProhibitTimer and t-Reassembly during SI phase.
sr-ProhibitTimer
sr-ProhibitTimer is used to prevent multiple SR to be initiate consecutively, e.g., during the running of sr-ProhibitTimer, UE cannot initiate a further SR. The maximum value of sr-ProhibitTimer in current specs is 128 ms, which is smaller than the RTD of GEO (up to 541.46 ms).  Considering during the running of sr-ProhibitTimer, there is no additional UE behavior is required, the sr-ProhibitTimer value range shall be extended to support NTN, i.e., larger values can be specified for NTN.

Observation 1: Simply extend the value range of sr-ProhibitTimer requires no additional UE behavior and has less specs impact.
Proposal 5: The sr-ProhibitTimer value range shall be extended to support NTN, i.e., larger values can be specified for sr-ProhibitTimer in NTN.
t-Reassembly  
t-Reassembly is used for both AM and UM mode, which is used to configure the time allowed for reassemble f RLC PDU segments. The timer starts when not all segments of RLC is received and there hasn’t already running. In case AM mode is used, UE will trigger a Status report to indicate the failed reception of segments upon expiry of t-Reassembly. Therefore t-Reassembly shall be able to cover the maximum transmission HAQR delay (including retransmissions ) . The following solutions can be considered to extend the value range:

Alt1: Simply extend the value range of t-Reassembly
The UE behavior keeps unchanged, and larger values of t-Reassembly can be specified to support NTN.
Alt 2: UE specific t-Reassembly extension.

t-Reassembly = RTD * nrof_HARQ_retrans + scheduling_offset, where, the RTD is UE-specific round-trip delay, nrof_HARQ_retrans is the number of allowed HARQ-retransmission attempts, and scheduling_offset is the configurable offset to account for possible processing delays on UE and network-side.

Although alt2 allows more precise timer configuration with consideration on HARQ process delay and UE-specific delay, however it will lead to huge change of UE , and more signalling overhead is needed for UE without GNSS capability to receive the RTD value to calculate the t-Reassembly length. While simple extension of t-Reassembly requires no change of UE behavior with only slightly increase of signalling overhead, therefore it is preferred to simple increase the value range of t-Reassembly.
Observation 2: UE specific t-Reassembly extension leads to significant change of UE behavior and more signalling overhead since RTDs is required to signalled for UE without GNSS capability to calculate exact t-Reassembly length. 
Proposal 6: The t-Reassembly value range shall be extended to support NTN, i.e., larger values can be specified for t-Reassembly in NTN.

Remaining issues 
This subclause intends to discuss remaining issues related to timer/windows that still needs to be further discussed.
Extension of RAR window
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Figure 1 RAR window in NTN
The RAR window length relates to the maximum differential delay (e.g., maximum one way transmission delay minus minimum one way transmission delay ). Figure 1 illustrates a worst case in which a UE with minimum one way transmission delay and a UE with maximum one way transmission delay (e.g. locates at cell edge) initiate random access using the same time-frequency resource. Assuming the configured offset to delay the start of the RAR window equals to 2 * minimum delay and neglecting the process delay between reception of preamble and transmission of RA Response at gNB side, it can be observed that the RAR monitoring duration shall cover at least 2 * maximum differential delay, which is 6.36 ms for LEO and 20.6 ms for GEO, otherwise RAR for UE will fall out of RAR window. Furthermore, time flexibility is required for the NW to schedule the RARs which means several milliseconds should be added on top of the 2 * maximum differential delay.

	Scenario
	Maximum differential delay
	2*maximum differential delay

	LEO
	3.12ms (600km)
	6.24ms

	
	3.18ms (1200km)
	6.36ms

	GEO
	10.3ms
	20.6ms


Observation 3: The RAR window needs to be covered at least 2*maximum differential delay (6.36ms for LEO and 20.6 ms for GEO) and some additional processing time, otherwise UE might not receive the RAR within the RAR window.
ra-ResponseWindow-r16           ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl60, sl80, sl160}  OPTIONAL, -- Need R

 msgB-ResponseWindow-r16                 ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80, sl160, sl320},

 Above is the supported value range for 4step RA and 2step RA. For MSGB window, it can be observed that the value range of RAR window has been extended to 40 ms, which can cover the maximum differential delay required in NTN. Therefore, no further extension of RAR window is needed.
Observation 4: maximum window length of RAR window(for both Msg2 and MsgB) has been extended to 40 ms in NR for unlicensed band, which can cover the maximum differential delay required in NTN.
Proposal 7: The current RAR window (i.e. RAR window extended in R16 NR-U) is sufficient for NTN, no further extension is needed

In current specs, to adopt to the extending of RAR window the two LSB bits of SFN on which the preamble is transmitted is included in the DCI scheduling Msg2/MsgB. For NTN the same solution can be adopted, and no modification of RA-RNTI value is required.
Proposal 8: The same solution as in NR-U, i.e., two LSB bits of SFN on which the preamble is transmitted is included in the DCI, is reused to support the RAR differentiation within RAR window in NTN.

RLC/PDCP sequence number 
------------------------------------------------------ Tables From 38821 ----------------------------------------------------

Table 7.2.2.2-1: Supportable RLC bit rates for GEO satellite systems with transparent architecture

	RLC_SDU_size
	SN_length
	RTD
	maxRetxThreshold
	RetransmissionTime
	RLC_data_rate

	500Byte
	18
	541.46 ms
	1
	1.5 s
	350 Mbps

	1500Byte
	18
	541.46 ms
	1
	1.5 s
	1 049 Mbps

	500Byte
	18
	541.46 ms
	4
	3.0 s
	175 Mbps

	1500Byte
	18
	541.46 ms
	4
	3.0 s
	524 Mbps


Table 7.2.2.2-2: Supportable RLC bit rates for LEO satellite systems with transparent architecture

	RLC_SDU_size
	SN_length
	RTD
	maxRetxThreshold
	RetransmissionTime
	RLC_data_rate

	500Byte
	18
	25.77 ms
	1
	75.0 ms
	6 991 Mbps

	1500Byte
	18
	25.77 ms
	1
	75.0 ms
	20 972 Mbps

	500Byte
	18
	25.77 ms
	4
	150.0 ms
	3 495 Mbps

	1500Byte
	18
	25.77 ms
	4
	150.0 ms
	10 486 Mbps


Table 7.2.3.3-1: Supportable PDCP bit rates for GEO satellite systems with transparent architecture

	PDCP_SDU_size
	pdcp-SN-Size
	PDCP_RetransmissionTime
	PDCP_data_rate

	500 Byte
	18
	1.5 s
	350 Mbps

	1500 Byte
	18
	1.5 s
	1049 Mbps

	500 Byte
	18
	3.0 s
	175 Mbps

	1500 Byte
	18
	3.0 s
	524 Mbps


Table 7.2.3.3-2: Supportable PDCP bit rates for LEO satellite systems with transparent architecture

	PDCP_SDU_size
	pdcp-SN-Size
	PDCP_RetransmissionTime
	PDCP_data_rate

	500 Byte
	18
	75 ms
	6991 Mbps

	1500 Byte
	18
	75 ms
	20972 Mbps

	500 Byte
	18
	150 ms
	3495 Mbps

	1500 Byte
	18
	150 ms
	10486 Mbps


------------------------------------------------------ Tables From 38821 ----------------------------------------------------
The above table is calculated based following formulas respectively: 

RLC_data_rate = RLC_SDU_size ∙ 2 ^ (SN_length -1) / RetransmissionTime,
PDCP_data_rate = PDCP_SDU_size ∙ 2 ^ (pdcp-SN-Size -1) / PDCP_RetransmissionTime,
As shown in above tables and formulas, the RLC/PDCP sequence number is closely related to the data rate required for transmission, the retransmission time required and the PDCP/RLC SDU size. Considering the maximum SN allowed unchanged, it can be observed with the increase of transmission time the supported data rate decrease significantly, which might not meet the data rate requirement for some services,  especially for GEO.

Observation 5: Keep the maximum allowed SN sequence unchanged, the data rate might decrease significantly with the increase of retransmission time, which might not meed data rate required especially in GEO.

Following solutions have been proposed to be considered to deal with above issue:

Option 1: The current specification is applied for NTN without any changes. The targeted experience data rate for usage scenario airplanes connectivity may at least temporarily not be supported for the above mentioned configurations of RLC SDU size, RLC SN field length and maximum number of RLC retransmissions in case of GEO satellite systems with transparent architecture. 

Option 2: Extending the RLC SN length.

Option 3: Reducing the delays that it takes to perform an RLC retransmission.

Considering the data rate is closely related to user experience especially for video streaming services, which is an important use case for NTN, it is preferable to keep the data rate requirement unchanged. Although some method has been studied, e.g. disable HARQ feedback, blink retransmission has been studied to reduce the transmission delay, there still at least one way transmission delay is required, which is up to hundreds ms in GEO, therefore the at least for GEO, SN might still needed to be extended to support the required data rate.

Proposal 9: At least in GEO, the PDCP/RLC SN length shall be extended to support the desired data rate. 
Conclusion

Applying an RTD related compensation offset
Proposal 1: Confirm the understanding that an configurable offset can be used to delay the start of following timers:ra-ResponseWindow,ra-ContentionResolutionTimer,drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL in case HARQ feedback is enabled.
Proposal 2: An configurable offset can be used to delay the start of MSGB window as well.

Proposal 3: For UE with pre-compensation capability, it can by implementation to delay the start of ra-ResponseWindow/ra-ContentionResolutionTimer/MSGB-window and drx-HARQ-RTT-TimerDL/drx-HARQ-RTT-TimerUL in case HARQ feedback is enabled
Proposal 4: For UE without pre-compensation capability, if supported, a common configurable offset is broadcast in system information for UE to delay the start of timers.

Extension of value range of sr-ProhibitTimer and t-Reassembly
Observation 1: Simply extend the value range of sr-ProhibitTimer requires no additional UE behavior and has less specs impact.
Observation 2: UE specific t-Reassembly extension leads to significant change of UE behavior and more signalling overhead since RTDs is required to signalled for UE without GNSS capability to calculate exact t-Reassembly length. 

Proposal 5: The sr-ProhibitTimer value range shall be extended to support NTN, i.e., larger values can be specified for sr-ProhibitTimer in NTN.
Proposal 6: The t-Reassembly value range shall be extended to support NTN, i.e., larger values can be specified for t-Reassembly in NTN.

Extension of RAR window
Observation 3: The RAR window needs to be covered at least 2*maximum differential delay (6.36ms for LEO and 20.6 ms for GEO) and some additional processing time, otherwise UE might not receive the RAR within the RAR window.
Observation 4: maximum window length of RAR window(for both Msg2 and MsgB) has been extended to 40 ms in NR for unlicensed band, which can cover the maximum differential delay required in NTN.

Proposal 7: The current RAR window (i.e. RAR window extended in R16 NR-U) is sufficient for NTN, no further extension is needed

Proposal 8: The same solution as in NR-U, i.e., two LSB bits of SFN on which the preamble is transmitted is included in the DCI, is reused to support the RAR differentiation within RAR window in NTN.
RLC/PDCP sequence number 

Observation 5: Keep the maximum allowed SN sequence unchanged, the data rate might decrease significantly with the increase of retransmission time, which might not meed data rate required especially in GEO.

Proposal 9: At least in GEO, the PDCP/RLC SN length shall be extended to support the desired data rate. 
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