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1. Introduction
There was e-mail discussion report R2-1909256 on [106#70] [NR/NTN] RACH capacity/procedures (ZTE) [1]:

[106#70][NR/NTN]  RACH capacity/procedures (ZTE )


Intended outcome:  TP capturing capacity and possible solutions to be included in the TR 


Deadline:  June 28/2019
But some of steps in Random Access procedure are not discussed, especially the impact by different pre-condition with/without is not discussed clearly.
As the 2-step RACH will be discussed once there is progress [2], so RA discussed in this document is still about 4-step RACH. 

This document will show the whole picture of RA for NTN and different solutions with different preconditions (with/without location info).
· How to send MSG1 in NTN

· How to receive MSG2 in NTN

· How to send MSG3 in NTN

· How to receive MSG4 in NTN
· The impact analysis on UE and network with/without UE location info
2. Discussion
2.1. How to send MSG1 in NTN
The large transmission delay in NTN results in differential delay experienced by two different UEs served by the same beam at a given time. 
As a result, the long CP design should be considered to support the large cell coverage propagation delay in NTN.
TS38.211 Table 6.3.3.1-1[1] defines the long CP for large coverage cell.
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Longer CP will be designed for the longer coverage in NTN. 
	long CP
	preamble
	GT


However there is still a way to solve the long CP challenge in NTN with precondition. Below please find the analysis on different precondition by UE.
	Precondition
	With UE Location info by GNSS
	Without UE Location info

	Solution of 
MSG1 sending
	Option1:
UE estimates an initial TA based on its location info and applies the initial TA sending MSG1. 
Initial TA (estimated TA)= applied TA ①
Option2:
UE estimates an initial TA based on its location info and applies the UE specific TA sending MSG1.
The initial TA (estimate TA) = common TA (maintained by network) + applied TA (sending MSG1)②.
	Option3:
Network broadcasts the cell specific TA in SI message. UE sends out MSG1 with this TA.
Initial TA = applied TA = broadcast common TA in SI.
Option4:
Network doesn’t broadcast the cell specific TA by itself without informing any UEs.
The initial TA = common TA (maintained by network) + applied TA (sending MSG1), where the applied TA = 0.
Network maintains the receiving window by the cell specific TA.

	Advantage
	UE can send out MSG1 with accurate TA without long CP. Because the TA can fix the interface issue of UEs at the edge of cell and the center of cell without long CP protection. 
So the long CP won’t be designed for NTN with location info by GNSS.
	No requirement to UE location info.

	Disadvantage
	Location info (~10m) is required by UEs.
	1. Long CP should be designed to support super coverage cell.
2. UEs have to send out long MSG1 with more power consumption.


Table1. Analysis on MSG1 sending with/without location info
The solutions 1&2 with location info have more benefit than solution 3&4 without location info from the above table.

1. Shorter CP required 

2. Shorter TA command range in RAR

3. Better UE legacy in NR
Observation 1: Estimated TA (Option1 & 2) with location info has more advantage compared with the option3&4 because the shorter CP is required and shorter RAR TA command in solution1&2. The legacy UE in NR can work in NTN. 

Normally it is easy for UEs to get the location info in NTN.
Proposal 1: Location information by UE is preferred as baseline in NTN RA. 
Option2 is preferred with location info if we compared option1 with option2, because:

a). The applied TA① is larger than applied TA② 

b). The applied TA won’t change if the service link has changed because common TA is maintained by network. So there is less impact on UE if the service link has changed which always happens in NTN.
Proposal 2: The initial TA (estimate TA) = common TA (maintained by network) + applied TA (sending MSG1) in option 2 is highly recommended when there is location info of UE.
Option 4 is preferred without location info if we compared option3 with option4, because the RAR TA won’t change too much even if the service link in is changed a lot. The common TA maintained by network just updates following the change of service link .
Proposal 3: The initial TA (estimate TA) = common TA (maintained by network) + applied TA(applied TA is 0) in option 4 is highly recommended when there is no location info of UE.

2.2. How to receive MSG2 in NTN
1. Consideration on RAR window start point
After transmitting MSG1, UE monitors the PDCCH for the Random Access Response (RAR). The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission. 
There is large transmission delay in NTN when MSG1 sending to gNB and MSG2 to UE. The delay is call round trip delay (RTD) in NTN. All UEs in NTN have to spend more time waiting for MSG2 because of RTD compared with the UEs in TN.
The round-trip propagation delay can be set as offset for all UEs in NTN. In that case, the offset can be set by UE as UE specific or by network as cell specific with different precondition.

in 5G TN:
	RAR window
	
	

	in NTN:
	
	

	large transmission delay
	RAR window


Below please find the analysis of two solutions of offset caused by large transmission delay in NTN.
· Option1: UE specific offset of RAR window start point with Location info by GNSS
[image: image23.png]-!-
Z, Satellite

d1 do d1
Reference p Reference p /{
UE UE ~
UE specific TA= 2* (d1-d0)/c UE specific TA= 2* (d1-d0)/c
Common reference TA= 2*d0/c Common reference TA= 2*(d0+dO_F)/c
Case a: TA calculation Case b: TA calculation

for regenerative payload for bent-pipe payload




Figure 1. UE specific offset of RAR window [3]
· Option2: Cell specific offset of RAR window start point without Location info. All UEs share the same offset which can be broadcast by network.
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Figure 2. UE V.S. Cell specific in RAR window start point
Here is the table comparing the two options with different preconditions. 
	Precondition
	With UE Location info by GNSS
	Without UE Location info

	Solution of offset (RAR window start point ) configuration for RTD
	Option1:
UE estimate the offset (RAR start point) itself based on its location info. 
Note: the offset can cover the propagation delay and can be a UE specific by each UE.
	Option2:
Network configuration/broadcast the cell specific offset for RTD.


	Advantage
	UE take less power consumption to waiting for MSG2, because the UE specific offset is much more accurate than cell specific.
	UE doesn’t have requirement to location info. 

	Disadvantage
	Location info by GNSS(~10m) is required by UEs
	All UEs share the same offset. The power consumption of cell specific especially at the edge of cell is more than the UEs in option1.


Table 2. Analysis on RAR window offset with/without location info
We can draw a conclusion from the analysis above:
Observation 2: UE specific offset of RAR window start point (with location info) has more advantage compared with cell specific offset (without location), because of less power consumption.
Proposal 4: UE specific offset of RAR window start point (with location info) is preferred as baseline in NTN RA.
2. The consideration on RAR window length
After transmitting MSG1, UE monitors the PDCCH for the Random Access Response (RAR). If no valid response is received during the ra-Response Window, a new preamble is sent. If a certain number of preambles have been sent, an appropriate random access problem will be indicated to upper layers. [4]

The RAR window length depends on the cell coverage and the difference of the maximum RTD and the minim RTD. That is to say the maximum differential delay which is clarified in RAN2#107 meeting impacts the RAR window length.
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Figure 3. Max differential delay within a beam [4]
However if there is location info of UE, the RAR window length won’t depend on the max differential delay (max cell coverage). Because UE can estimate the RAR window start point.

Observation 3: The RAR window is related with the max cell coverage without UE location info. But the RAR window is not related with the max cell coverage with UE location info.

Proposal 5: The precondition with or without UE location info should be discussed at first in RA process.
2.3. How to send MSG3 in NTN
UEs follow the TA command in RAR whatever with or without location information.
Observation 4: There is no impact on MSG3 sending in NTN.
2.4. How to receive MSG4 by UE in NTN
1. The consideration on ra-ContentionResolutionTimer start point 
There is large transmission delay in NTN when MSG3 sending to gNB and MSG4 back to UE. The delay is called round trip delay (RTD) in NTN. All UEs in NTN have to spend more time waiting for MSG4 because of longer RTD compared with the UEs in TN.
The long round-trip propagation delay can be set as offset for all UEs in NTN. In that case, the offset can be set as UE specific or by network as cell specific with different precondition.

Below please find the analysis of two solutions.
	Precondition
	With UE Location info by GNSS
	Without UE Location info

	Solution of offset configuration for RTD
	Option1:
UE estimate the offset based on its location info. 
Note: the offset can cover the propagation delay and can be a UE specific by each UE.
	Option2:
Network configuration/broadcast the cell specific offset for RTD.


	Advantage
	The offset is much more accurate than cell specific so UE take less effort to waiting for MSG4
	UE doesn’t have requirement to location info. 

	Disadvantage
	Location info by GNSS(~10m) is required by UEs
	1. Cell specific offset is not as accurate as UE specific. So all UEs share the same offset. The power consumption especially at the edge of cell is more than the UE by UE specific.


Table 3. Analysis on offset with/without location info
2. The consideration on ra-ContentionResolutionTimer value 
The ra-ContentionResolutionTimer value depends on the cell coverage. That is to say the maximum differential delay which is clarified in RAN2#107 meeting decides the RAR window length. 
Observation 5: 
When there is NO location info of UE, ra-ContentionResolutionTimer value depends on max differential delay and the start point.
When there is location info of UE, the ra-ContentionResolutionTimer value won’t depend on the max differential delay (max cell coverage).
Proposal 6: UE specific offset with location info is preferred as baseline in NTN RA.
Proposal 7: The maximum of cell coverage should be discussed or defined in TR before the evaluation of ra-ContentionResolutionTimer value for NTN. 
2.5. The impact analysis on UE with/without GNSS
We have discussed the precondition here in analysis on RA impact in NTN.
Can the precondition with location info be the baseline in NTN?
Below please find the analysis results of the 4-step RA process with or without location information.
	RA procedure
	with location information
	without location information

	Sending out MSG1
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	Receiving MSG1,MSG3 by Network
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Observation 6: Both UE and network get benefit by location information precondition in RA process.
1. Long CP in preamble won’t be needed for the large coverage in NTN.

2. Power saving without sending long CP preamble by UE in RA procedure.

3. The range of RAR TA command won’t be extended in NTN.
4. Power saving with UE specific timer and window when receiving MSG2 and MSG4 by UE, especially for the UEs at the edge of cell.

5. Good demodulation performance in receiving MSG1, MSG3 by network in RA.
Proposal 8: Precondition with location info can be the baseline UE configuration in NTN.
3. Conclusion

In this contribution, we analysed the 4-step of RA in NTN and the impact on RA with or without location info.
For step1 sending out MSG1 by UE in NTN:
Observation 1: Estimated TA (Option1 & 2) with location info has more advantage compared with the option3&4 because the shorter CP is required and shorter RAR TA command in solution1&2. The legacy UE in NR can work in NTN. 

Proposal 1: Location information by UE is preferred as baseline in NTN RA. 
Proposal 2: The initial TA (estimate TA) = common TA (maintained by network) + applied TA (sending MSG1) in option 2 is highly recommended when there is location info of UE.

Proposal 3: The initial TA (estimate TA) = common TA (maintained by network) + applied TA(applied TA is 0) in option 4 is highly recommended when there is no location info of UE.

For step2 receiving MSG2 by UE in NTN:
Observation 2: UE specific offset of RAR window start point (with location info) has more advantage compared with cell specific offset (without location), because of less power consumption.
Proposal 4: UE specific offset of RAR window start point (with location info) is preferred as baseline in NTN RA.
Observation 3: The RAR window is related with the max cell coverage without UE location info. But the RAR window is not related with the max cell coverage with UE location info.

Proposal 5: The precondition with or without UE location info should be discussed at first in RA process.
For step3 sending out MSG3 by UE in NTN:
Observation 4: There is no impact on MSG3 sending in NTN.
For step4 receiving MSG4 by UE in NTN:
Observation 5: 
When there is NO location info of UE, ra-ContentionResolutionTimer value depends on max differential delay and the start point.
When there is location info of UE, the ra-ContentionResolutionTimer value won’t depend on the max differential delay (max cell coverage).
Proposal 6: UE specific offset with location info is preferred as baseline in NTN RA.
Proposal 7: The maximum of cell coverage should be discussed or defined in TR before the evaluation of ra-ContentionResolutionTimer value for NTN. 
The impact on RA with or without location info, we can find:
Observation 6: Both UE and network get benefit by location information precondition in RA process.
1) Long CP in preamble won’t be needed for the large coverage in NTN.

2) Power saving without sending long CP preamble by UE in RA procedure.

3) The range of RAR TA command won’t be extended in NTN.
4) Power saving with UE specific timer and window when receiving MSG2 and MSG4 by UE, especially for the UEs at the edge of cell.

5) Good demodulation performance in receiving MSG1, MSG3 by network in RA.
Proposal 8: Precondition with location info can be the baseline UE configuration in NTN.
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