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1 Introduction
According to the WID approved in RAN#88e [1], the following user plane procedures enhancements could be specified:
· MAC

· 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 
· RLC

· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios 

· PDCP

· SDU discard: Extension of the value range of discardTimer.

· Sequence Numbers: extension of the SN space for GEO scenarios.
In this contribution, we would like to discuss UP enhancement for scenario A, C1 and C2.
Table 4.2-1: Reference scenarios

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


2 Discussion
In WID [1], offset-based solutions are assumed to cope with the large RTT in all NTN scenarios. 

2.1 MAC

· RACH
1) Enhancement to ra-ResponseWindow and ra-ContentionResolutionTimer
During random access procedure, after preamble transmission, UE starts the response window (ra-ResponseWindow) after a certain time interval (as specified in TS 38.213). If no valid response is received during the ra-ResponseWindow, a new preamble is sent. If more than a certain number of preambles have been sent, a random access problem will be indicated to upper layers. 

In terrestrial communications, the RAR is expected to be received by the UE within a few milliseconds after the transmission of the corresponding preamble. In NTN the propagation delay is much larger so the RAR cannot be received by the UE within the specified time interval specified for terrestrial communications. Therefore, the behaviour of ra-ResponseWindow should be modified to support NTN. Similar issue happens to ra-ContentionResolutionTimer which starts after Msg3 transmission.
-
Potential enhancement: Introduce configurable offsets based on different scenarios for the start of the ra-ResponseWindow and ra-ContentionResolutionTimer for NTN.

Proposal 1: Introduce configurable offsets based on different scenarios for the start of the ra-ResponseWindow and ra-ContentionResolutionTimer for NTN.

2) Enhancement to Msg-3 scheduling
The timing advance is determined by the network based on measurements on the uplink transmission and sent to the UE. UE uses the timing advance to advance/delay its uplink transmission to the gNB so as to compensate for the propagation delay. As a result, uplink transmissions received from different UEs within a cell will not cause interference to each other. 

The timing advance is twice the propagation delay. In NTN, the maximum round trip delay is 541.46ms for GEO and 25.77ms (600km)/ 41.77ms (1200km) for LEO. In order for the UE to obtain the TA, there’re two possible solutions:
Solution 1: The network broadcasts a common TA (including the service link and the feeder link), UE uses this common TA to send preamble, and UE specific TA is compensated during random access procedure. 

All the UEs in the cell with different distances of the service links use the same TA to send preamble, which may cause inter-user interference. On the other hand, the advantage of this solution is that UE location is not taken into consideration, so it is applicable to UEs with or without GNSS capability. Now that the WI assumes UE has GNSS capacity, this advantage seems trivial.
Solution 2: Location information is employed. UE estimates the timing advance based on the ephemeris and its own location, the TA can be corrected during random access procedure. Note that the calculation at the UE side is restricted to the service link, the network still needs to broadcast some assistance information of the feeder link, e.g. the delay/distance between the satellite and the gateway.
Proposal 2: RAN2 to choose from common TA and location-based TA.

For LEO scenarios, large Doppler Effect is another challenge:
Table 4.2-2: Reference scenario parameters

	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km

1,200 km

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)

21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (600km)

0.13ppm/s(1200km)


According to the statistics in TR38.821, the Doppler shift is a constant related to the altitude of orbit. Therefore, to pre-compensate the Doppler Effect, the Doppler Shift can be broadcasted in the SIB. The broadcasted Doppler shift can be utilized in MSG1 and MSG3, similar to timing advance solution. However, Doppler Effect is more of a RAN1 issue, therefore it is better to wait for the progress of RAN1.
Proposal 3: Wait for RAN1 progress on Doppler shift compensation.
· Enhancement to Scheduling Request

A UE can use a Scheduling Request (SR) to request UL-SCH resources from the gNB for a new transmission or a transmission with a higher priority. SR transmission is configured by RRC. When the prohibit timer (sr-ProhibitTimer) is running, no further SR is initiated. The sr-ProhibitTimer will at latest expire after 128ms and initiate a SR. For GEO systems the value range is not sufficient because the RTD is larger. The sr-ProhibitTimer should be modified to support NTN.

-
Potential enhancement: The value range of sr-ProhibitTimer should be extended to support NTN.
Proposal 4: Extend the value range of sr-ProhibitTimer to support NTN.

2.2 RLC
· Enhancement to Status Reporting

A status report can be triggered by the polling procedure or by detection of reception failure of an AMD PDU which is indicated by the expiration of t-Reassembly. This timer is started when an AMD PDU segment is received from lower layer, is placed in the reception buffer, at least one byte segment of the corresponding SDU is missing and the timer is not already running. The procedure to detect loss of RLC PDUs at lower layers by expiration of timer t-Reassembly is used in RLC AM as well as in RLC UM. The timer t-Reassembly can be configured by fixed values between 0 and 200ms. For the terrestrial case this timer covers the largest time interval in which the individual segments of the corresponding SDU have to arrive out of order at the receiver due to SDU segmentation and/or HARQ retransmissions before a status report and consequently an ARQ-retransmission is triggered. If HARQ is supported by NTN, an extension of the t-Reassembly timer could become necessary, because then the timer should cover the maximum time allowed for HARQ transmission which will probably be a value larger than the RTD.

-
Potential enhancement: The value range of t-Reassembly should be extended to support NTN.
Proposal 5: Extend the value range of t-Reassembly to support NTN.

· Enhancement to RLC Sequence Numbers
12bit and 18bit are specified as possible RLC AM sequence number (SN) field length in NR TS 38.322. With the large RTT, there is concern that the sequence number is not enough when there is high data rate in Uu. As analysed in TR 38.821, in the usage scenario of airplanes, the targeted experience data rate cannot be achieved in a GEO satellite system due to the restriction of RLC SN length. For other usage scenarios, the current RLC SN length is enough.
-
Potential solution: Extend the RLC SN length, if airplane mounted UEs are supported in the WI.
Proposal 6: RAN2 to discuss whether to consider airplane mounted UEs. If not, the RLC SN length is not extended.
2.3 PDCP

· Enhancement to SDU Discard timer

The transmitting PDCP entity shall discard the PDCP SDU when the discardTimer expires for a PDCP SDU or when a status report confirms the successful delivery. The discardTimer can be configured between 10 ms and 1500 ms or can be switched off by choosing infinity.

The discardTimer mainly reflects the QoS requirements of the packets belonging to a service. However, by choosing the expiration time of the discardTimer or the QoS requirements, the RTD as well as the number of retransmissions on RLC layer and/or HARQ shall be considered. By increasing the expiration time of discardTimer, one should keep in mind that extended timer values will increase the amount of required memory for the buffer. 
-
Potential solution: The value range of discardTimer should be extended to support NTN.
Proposal 7: Extend the value range of discardTimer to support NTN.
· Enhancement to PDCP Sequence Numbers
Similar situation with RLC SN. 
-
Potential solution: Extend the PDCP SN length for all scenarios of NTN, if airplane mounted UEs are supported in the WI.
Proposal 8: RAN2 to discuss whether to consider airplane mounted UEs. If not, the PDCP SN length is not extended.
3 Conclusion

In this contribution, we discussed UP enhancement in R17 NTN and have the following proposals:

Proposal 1: Introduce configurable offsets based on different scenarios for the start of the ra-ResponseWindow and ra-ContentionResolutionTimer for NTN.

Proposal 2: RAN2 to choose from common TA and location-based TA.

Proposal 3: Wait for RAN1 progress on Doppler shift compensation.
Proposal 4: Extend the value range of sr-ProhibitTimer to support NTN.

Proposal 5: Extend the value range of t-Reassembly to support NTN.

Proposal 6: RAN2 to discuss whether to consider airplane mounted UEs. If not, the RLC SN length is not extended.
Proposal 7: Extend the value range of discardTimer to support NTN.
Proposal 8: RAN2 to discuss whether to consider airplane mounted UEs. If not, the PDCP SN length is not extended.
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