3GPP TSG-RAN WG2 Meeting #112 electronic
R2-2009107
Online, November 2th - 13th, 2020


Agenda Item:
8.10.2.1
Source:
OPPO
Title:
Discussion on RACH in NTN
Document for:
Discussion, Decision

1 Introduction

In RAN2#111e meeting, MAC issues in NTN was discussed, and the following agreements were made [1].
Agreements via email - from offline 107

1. From RAN2 perspective, an offset is applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios.

2. An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.

3. Modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed in Rel-17 NTN.

4. From a RAN2 perspective, for DL, HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner. FFS for UL

5. At least the following methods to enhance UL scheduling are further studied in NTN: configured grant and BSR over 2-step RACH. (other solutions to enhance UL scheduling are not precluded).
6. Both 2-step and 4-step RACH are supported in Rel-17 NTN. FFS enhancements to RACH to accommodate the NTN environment.
In this contribution, we further discuss RACH issues.
2 Discussion

2.1 Clarification on UE capability of timing advance pre-compensation
In the WID [2], 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 Rel-17 NR NTN scope.

In the last RAN2 meeting, RAN2 discussed whether to prioritize the case of UE with valid location information and capability to perform pre-compensation in RACH procedure, and did not reach consensus. In our view, even for a UE with GNSS capabilities, there may be cases where GNSS signal is not available due to the bad channel condition, or UE’s position estimation is temporarily out of accuracy requirement. In these cases, UE could not obtain its valid location information. In other words, we cannot assume that a UE with GNSS capability can always have the capability of timing advance pre-compensation. Thus, both cases of UE with and without capabilities of timing advance pre-compensation should be considered.
Observation 1 A UE with GNSS capability may not obtain its valid location information, in which case the UE is not able to do TA pre-compensation. 
Proposal 1 RAN2 confirm that for UEs with GNSS capabilities, both cases of UE with and without capabilities of timing advance pre-compensation should be considered in R17 NTN.
2.2 RACH for UEs with and without capabilities of TA pre-compensation 
In NR, gNB’s DL timing and UL timing are aligned. In this contribution, we make the same assumption for NTN as legacy, in which case the UE specific TA including feeder link’s TA and service link’s TA is totally compensated at the UE side.
Initial timing advance during RACH
The following framework can be used for UEs with and without capabilities of timing advance pre-compensation to perform 4-step RA procedure.


[image: image1.emf]UE

gNB

1. UE 

applies a TA 

Msg1

2. Network determines the 

TA adjustment value

3. UE adjust TA based on TA 

command

Msg2

Msg3 Msg4


Figure 1 4-step random access procedure
For a UE without capability of timing advance pre-compensation:
1. Network needs to broadcast a common TA, where the common TA value is feeder link’s TA plus a minimum service link’s TA corresponding to a terrestrial referent point. UE applies the broadcast ed common TA 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. 

Proposal 2 For a UE without capability of timing advance pre-compensation, the UE sends Msg1 based on a common TA (minimum feeder link + service link RTD) which is broadcasted by network.
For a UE with capability of timing advance pre-compensation:

1. UE estimates and applies the UE-specific TA to send Msg1, where UE-specific TA depends on both service link’s TA and feeder link’s TA. Since the UE could only estimate the service link’s TA based on GNSS positioning and satellite ephemeris, the feeder link’s TA needs to be broadcasted by network. 

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 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 transmission.

Observation 2 For a UE with capability of timing advance pre-compensation, the UE could estimate service link’s TA based on GNSS positioning and satellite ephemeris, and feeder link’s TA needs to be broadcasted by network. 
Proposal 3 A UE with capability of timing advance pre-compensation applies the estimated service link’s TA plus the broadcasted feeder link’s TA to send Msg1. 
ra-ResponseWindow configuration

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.
Observation 3 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 the last RAN2 meeting, it was agreed to introduce an offset for the start of ra-ResponseWindow for NTN.
In our understanding, for UEs with and without capability of timing advance pre-compensation, the offset value for the start of the ra-ResponseWindow and the ra-ResponseWindow length could be determined in the different ways.

For UEs without capability of timing advance pre-compensation, as the UE does not know the UE-specific RTD, the offset for the start of ra-ResponseWindow should be broadcasted by network. In order to ensure all the UEs in a cell with different RTD could receive Msg2 within the ra-ResponseWindow, this offset value should be not larger than the minimum RTD. We think the common TA used for timing advance pre-compensation for Msg1 could also be used as the offset value. 
Proposal 4 For UEs without capability of timing advance pre-compensation, use the common TA as the offset value for the start of ra-ResponseWindow.
For UEs with capability of timing advance pre-compensation, if the minimum RTD is used as the offset value for the start of ra-ResponseWindow, since the UE would not receive the PDCCH for RAR until a period of RTD has past after Msg1 transmission, it may start ra-ResponseWindow earlier than it should do, which would cause unnecessary UE power consumption. So for this kind of UEs, the estimated RTD could be used as the offset value for the start of ra-ResponseWindow. 

Observation 4 For UEs with capability of timing advance pre-compensation, using the minimum RTD as the offset value for the start of ra-ResponseWindow will cause unnecessary UE power consumption.
Proposal 5 For UEs with capability of timing advance pre-compensation, use the estimated RTD as the offset value for the start of ra-ResponseWindow.
For UEs without capability of timing advance pre-compensation, the ra-ResponseWindow length should cover at least maximum differential RTD within the cell to ensure all the UEs in a cell with different RTD could receive Msg2 within the ra-ResponseWindow. In NTN GEO, the maximum differential RTD is 20.6 ms, which exceeds the current maximum ra-ResponseWindow length in a licensed spectrum (i.e. 10 ms), so an extension of the ra-ResponseWindow is needed in NTN to support UEs without capability of timing advance pre-compensation.

Observation 5 For UEs without capability of timing advance pre-compensation, the ra-ResponseWindow length should cover at least maximum differential RTD within the cell.

Observation 6 The maximum differential RTD in GEO exceeds the current maximum ra-ResponseWindow length in a licensed spectrum.
For UEs with capability of timing advance pre-compensation, network could configure the ra-ResponseWindow length based on the delay for processing Msg1 and scheduling Msg2 as legacy.
Observation 7 For UEs with capability of timing advance pre-compensation, the ra-ResponseWindow length could be configured based on the delay for processing Msg1 and scheduling Msg2 as legacy.

Proposal 6 Configure separate ra-ResponseWindow lengths for UEs with and without capabilities of timing advance pre-compensation.

ra-ContentionResolutionTimer configuration

In the last RAN2 meeting, it was agreed to introduce an offset for the start of the ra-ContentionResolutionTimer to resolve contention:
Regarding the value of the offset for the start of the ra-ContentionResolutionTimer and the value of ra-ContentionResolutionTimer, given that after UE receives Msg2, UE already knows its absolute TA value which is equal to the UE-specific RTD, this TA value can be used as the starting offset of the ra-ContentionResolutionTimer.
Observation 8 UE already knows its absolute TA after Msg2 reception, which is equal to the UE-specific RTD.
Proposal 7 Use the UE’s absolute TA value as the offset for the start of ra-ContentionResolutionTimer.

RACH resource configuration

For UEs without capability of timing advance pre-compensation, preamble receiving window at newwork should be at least 2 times of the maximum differential delay within a cell. In order to avoid the preamble receiving windows between successive RACH occasions overlapping, PRACH configuration should ensure that the time interval between two consecutive RO is larger than 2 times the maximum differential delay within a cell. This may have an effect on RACH capacity. For UEs with capability of timing advance pre-compensation, such restriction is not needed. 

In addition, RACH procedure is different between UEs with and without capability of timing advance pre-compensation.
So it would make sense to configure separate PRACH resources for UEs with and without capability of timing advance pre-compensation
Proposal 8 Configure separate PRACH resources for UEs with and without capabilities of timing advance pre-compensation.

Based on the discussion above, RACH comparison between UEs with and without capabilities of TA pre-compensation is summarized in Table 1.

Table 1 Summary for RACH procedure 
	UE capability
	UEs without capability of timing advance pre-compensation
	UEs with capability of timing advance pre-compensation

	Msg 1 transmission
	Network needs to broadcast a common TA (feeder link’s TA + minimum service link’s TA)

UE applies the common TA to send Msg 1

Sparse PRACH configuration
	Network needs to broadcast a feeder link’s TA

UE applies the estimated service link’s TA plus the broadcasted feeder link’s TA to send Msg 1

No restriction to PRACH configuration

	Msg 2 reception
	Use the common TA as the offset value for the start of ra-ResponseWindow
Use a long ra-ResponseWindow 

TA command in RAR always indicates a positive value
	Use the estimated RTD as the offset value for the start of ra-ResponseWindow

Use a short ra-ResponseWindow
TA command in RAR may indicate a positive or negative value

	Msg 4 reception
	Use UE’s absolute TA value as the offset for the start of ra-ContentionResolutionTimer 
	Use UE’s absolute TA value as the offset for the start of ra-ContentionResolutionTimer


2.3 RACH type selection
It has been agreed in RAN2#111e meeting that both 2-step and 4-step RACH are supported in Rel-17 NTN.
In NR, if a UE is configured with neither 2-step CFRA nor 4-step CFRA, and both 2-step CBRA and 4-step CBRA are configured, during RACH initialization, the UE selects the RACH type based on measured RSRP. More specifically, if the measured RSRP is larger than a pre-configured RSRP threshold, the UE selects 2-step CBRA; otherwise, the UE selects 4-step CBFA.
In NTN, due to the un-clear near-far effect, the legacy RSRP-based RA type selection may not work well. UE location information would be useful in addition to RSRP measurement results.
Observation 9 Legacy RSRP-based RA type selection may not work well in NTN due to the un-clear near-far effect.
Proposal 9 In addition to RSRP, UE location information is considered in RA type selection in NTN.
According to the agreement in RAN2#111e meeting, there is a new use case for 2-step RACH in NTN, i.e. using 2-step RACH for BSR. In order to further balance the load between 2-step RACH and 4-step RACH, and satisfy the delay requirement for some delay sensitive services, the delay requirement of different UL logical channels could be considered in RA type selection on top of the RSRP-based and UE location- based RA type selection criterion.
Observation 10 LCH-based RA type selection is useful for both load balance between 2-step RACH and 4-step RACH, and satisfying delay requirement of those delay sensitive services.
Proposal 10 Support LCH-based RA type selection.
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1 A UE with GNSS capability may not obtain its valid location information, in which case the UE is not able to do TA pre-compensation.
Observation 2 For a UE with capability of timing advance pre-compensation, the UE could estimate service link’s TA based on GNSS positioning and satellite ephemeris, and feeder link’s TA needs to be broadcasted by network.
Observation 3 In terrestrial NR, the configuration of ra-ResponseWindow is mainly concerned with the delay for processing Msg1 and scheduling Msg2 in NR.
Observation 4 For UEs with capability of timing advance pre-compensation, using the minimum RTD as the offset value for the start of ra-ResponseWindow will cause unnecessary UE power consumption.
Observation 5 For UEs without capability of timing advance pre-compensation, the ra-ResponseWindow length should cover at least maximum differential RTD within the cell.
Observation 6 The maximum differential RTD in GEO exceeds the current maximum ra-ResponseWindow length in a licensed spectrum.

Observation 7 For UEs without capability of timing advance pre-compensation, the ra-ResponseWindow length could be configured based on the delay for processing Msg1 and scheduling Msg2 as legacy.
Observation 8 UE already knows its absolute TA after Msg2 reception, which is equal to the UE-specific RTD.
Observation 9 Legacy RSRP-based RA type selection may not work well in NTN due to the un-clear near-far effect.
Observation 10 LCH-based RA type selection is useful for both load balance between 2-step RACH and 4-step RACH, and satisfying delay requirement of those delay sensitive services.
And propose the following:

Proposal 1
RAN2 confirm that for UEs with GNSS capabilities, both cases of UE with and without capabilities of timing advance pre-compensation should be considered in R17 NTN.
Proposal 2
For a UE without capability of timing advance pre-compensation, the UE sends Msg1 based on a common TA (minimum feeder link + service link RTD) which is broadcasted by network.
Proposal 3
A UE with capability of timing advance pre-compensation applies the estimated service link’s TA plus the broadcasted feeder link’s TA to send Msg1.
Proposal 4
For UEs without capability of timing advance pre-compensation, use the common TA as the offset value for the start of ra-ResponseWindow.
Proposal 5
For UEs with capability of timing advance pre-compensation, use the estimated RTD as the offset value for the start of ra-ResponseWindow.
Proposal 6
Configure separate ra-ResponseWindow lengths for UEs with and without capabilities of timing advance pre-compensation.
Proposal 7
Use the UE’s absolute TA value as the offset for the start of ra-ContentionResolutionTimer.
Proposal 8
Configure separate PRACH resources for UEs with and without capabilities of timing advance pre-compensation.
Proposal 9
In addition to RSRP, UE location information is considered in RA type selection in NTN.
Proposal 10
Support LCH-based RA type selection.
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