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1	Introduction
The study item on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 [1].
After the RAN2#104 meeting, the following email discussion was held discussing the principal details of the NTN impacts on user plane timers:
· [bookmark: OLE_LINK62][bookmark: OLE_LINK61][104#51][NR – NTN] Impacts on user plane timers (Nomor)
	Identify timers impacted by RTD and how to handle them 
Outcome:	TP capturing the timers
	Deadline:	Thursday 2019-02-07

Based on the discussion, the following was agreed in RAN2#105:
Agreements
 1:	The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt the user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded. 

2: 	The ra-ResponseWindow should be modified to support NTN.

3: 	Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.
4: 	RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN.

While it is generally understood by companies that the long RTTs introduced by the NTN links can be at least to some extent compensated by applying an offset to start the UP timers and in some cases extending the value range, it seems that the impact to ra-ResponseWindow timer may require some more thought which is discussed further in this contribution. This paper has been revised to include a TP in the Annex.
2	Specific issues with ra-ResponseWindow timer
Below is an excerpt from the TR 38.821 of the maximum and minimum round trip times within an NTN cell depending on the considered NTN scenario:
Table 8.1-1: NTN scenarios versus delay constraints, Source [2]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35 786 km
	600 km

	Relative speed of Satellite wrt earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 5° for feeder

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 1000 km
	50 km / 500 km

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.75 ms (Worst case)
	270.57 ms
	28.41 ms
	12.88 ms

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.14 ms
	238.57 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec



[bookmark: _Hlk893888]Due to the elevation angle changing quite rapidly between UE and the satellite, especially in the LEO scenarios, the RTT varies within the cell. Furthermore, as the each individual UE position is not known to NW before UE accessing the cell, individual offset for each UE to apply before ra-ResponseWindow start is not possible to be provided. In practice, the offset applied for the start of ra-ResponseWindow would be the minimum RTT within a satellite beam/cell, for instance, 8ms in the LEO C1/C2 scenarios above. On the other hand, the maximum RTT needs also to be accounted to be applicable for certain UE (e.g., 28.41ms in the same scenario). These two values together gives already >20ms required for the ra-ResponseWindow to be able to account only the difference of minimum and maximum RTTs it may require for UE to get a response to a sent Random Access preamble. Furthermore, time flexibility is required for the NW to schedule the RARs which means several ms will need to be added on top of the 20ms, for instance, 30ms could be a possible required configuration for the ra-ResponseWindow in the LEO C1/C2 scenarios.
[bookmark: _Hlk7718290]Observation 1: Due to the unknown positions of independent UEs before accessing the satellite cell, ra-ResponseWindow needs to account the difference between the minimum and maximum RTTs of a cell as well as some additional time to enable scheduling flexibility for the RAR messages.
Observation 2: The possible lengths for the ra-ResponseWindow required to support NTN scenarios may be several times longer than the currently defined maximum (10ms).
[bookmark: _Hlk7718376]Proposal 1: Specify the new ra-ResponseWindow length values for each NTN scenario based on the difference between their minimum and maximum RTTs.
Such increase of the window does not come without a cost: it should be noted that the RA-RNTI calculation formula specified in NR Rel-15 was agreed to provide unique values only within a span of one radio frame, ie., 10ms (TS 38.321):
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).


 
Furthermore, it is noted that the current formula and the specified specific PRACH configurations already reserve maximum of ~18000 RNTI values just within 10ms timeframe. If ra-ResponseWindow is increased to 30ms and applied directly to the formula, that would already mean 5/6 of the whole RNTI space allocated just for the use of RA-RNTIs (RNTI space is 64 000). On the other hand, the space required for TC-RNTIs will also increase with the long RTTs as the RA procedure takes much longer time in general which requires reserving one TC-RNTI for longer time as well.
Observation 3: Increasing the ra-ResponseWindow may increase the required RA-RNTI space extensively if the formula defined in Rel-15 would be applied for RA-RNTI calculation.
Hence, it seems desirable not to increase the number of RNTIs needed solely for the RA-RNTI purpose when the ra-ResponseWindow length values are increased extensively compared to the current values. It should be studied how the RA-RNTI space could be kept untouched even with the long RTTs NTN introduces.
Proposal 2: Study options to keep the required RA-RNTI space untouched when introducing extended values for ra-ResponseWindow.
3	Conclusions
This contribution discussed the specific issues introduced by the NTN and especially by the long RTTs for ra-ResponseWindow used for Random Access Response reception by the UE. The following was observed and proposed:
Observation 1: Due to the unknown positions of independent UEs before accessing the satellite cell, ra-ResponseWindow needs to account the difference between the minimum and maximum RTTs of a cell as well as some additional time to enable scheduling flexibility for the RAR messages.
Observation 2: The possible lengths for the ra-ResponseWindow required to support NTN scenarios may be several times longer than the currently defined maximum (10ms).
Proposal 1: Specify the new ra-ResponseWindow length values for each NTN scenario based on the difference between their minimum and maximum RTTs.
Observation 3: Increasing the ra-ResponseWindow may increase the required RA-RNTI space extensively if the formula defined in Rel-15 would be applied for RA-RNTI calculation.
Proposal 2: Study options to keep the required RA-RNTI space untouched when introducing extended values for ra-ResponseWindow. 
[bookmark: _GoBack]4	Annex: Text proposal for TR 38.821
(…)
[bookmark: _Toc2952268]7.2 		User plane enhancements 
[bookmark: _Toc2952269]7.2.1 	MAC
Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure
Editor’s note: Discussion on 2-step RACH will be postponed until the procedures are more stable

Editor’s note: Both options (enhancing HARQ and disabling HARQ) will be studied
7.2.1.1 RACH
Due to the unknown positions of independent UEs before accessing the satellite cell, ra-ResponseWindow needs to account the difference between the minimum and maximum RTTs of a cell as well as some additional time to enable scheduling flexibility for the RAR messages. Hence, the possible lengths for the ra-ResponseWindow required to support NTN scenarios may be several times longer than the currently defined maximum (10ms). The new ra-ResponseWindow length values for each NTN scenario based on the difference between their minimum and maximum RTTs should be specified.
Increasing the ra-ResponseWindow may increase the required RA-RNTI space extensively if the formula defined in Rel-15 would be applied directly for RA-RNTI calculation and can easily exhaust the available RNTI space (2^16). Thus, options to keep the required RA-RNTI space untouched when introducing extended values for ra-ResponseWindow should be studied and specified.
 (…)
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