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1 Introduction

At RAN#86 meeting, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” [1] was agreed and has been updated in RAN#88-e[5]. following objectives were specified for user plane procedures enhancements in RLC layer:

· Status reporting: Extension of the value range of t-Reassembly

· Sequence Numbers: extension of the SN space only for GEO scenarios
This paper discusses the enhancements for NTN on RLC control loops and timers based on the findings in the Study Item [2].
2 Discussion

2.1 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 running already [4]. 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. [4]
The timer t-Reassembly can be configured by fixed values between 0 and 200ms [3]. 
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. 
Considering the maximum Round Trip Delay (RTD) for the NTN reference scenarios defined during the Study Item phase, see Table 1, it is obvious that the maximum value of 200ms is not enough, if HARQ is supported by NTN.

	
	Orbit, payload
	Max. RTD

	Scenario A
	GEO, transparent
	541.46ms

	Scenario B
	GEO, regenerative
	270.73ms

	Scenario C
	LEO, transparent
	25.77ms (600km)

41.77ms (1200km)

	Scenario D
	LEO, regenerative
	12.89ms (600km)

20.89ms (1200km)


Table 1 Maximum Round Trip Delay for different reference scenarios, see Table 4.2-2 in [2]
During the Study Item phase, the following formula providing a reasonable value for t-Reassembly was captured in [2] 
t-Reassembly = RTD ∙ nrofHARQ-Retransmissions + schedulingOffset,
(1)
where 

· RTD covers the UE specific round-trip delay, 

· schedulingOffset specifies a possible delay on UE and network-side and 

· nrofHARQ-Retransmissions is the maximum number of configured HARQ-retransmissions.

In order to differentiate between the propagation delay and the processing delay and to keep delays separate per retransmission, we reformulate the formula as follows:
t-Reassembly = (2 ∙ ntn-propagationDelay + schedulingOffset) ∙ nrofHARQ-Retransmissions,
(2)
where 

· ntn-propagationDelay covers the one-way propagation delay from the UE to the gNB or vice versa, 

· schedulingOffset specifies a possible delay on UE and network-side and 

· nrofHARQ-Retransmissions is the maximum number of configured HARQ-retransmissions.
This formula has the advantage, that there is no need to define a long list of possible values for each different scenario e.g. LEO600 with regenerative payload, LEO600 with transparent payload, LEO1200 with regenerative payload each with different elevation angles. Therefore, we propose to use this formula to calculate the expiration time for t-Reassembly in NTN.
Proposal 1: 
Apply formula (2) for configuration of t-Reassembly in NTN.
For this WI “UEs with GNSS capabilities are assumed”[5], this means the UE has knowledge about its position. We assume that the UE receives further knowledge about the satellite position (e.g. via satellite ephemeris data or PV(T) values) and can pre-calculate the UE specific RTD. Furthermore, due to the time alignment procedure the UE specific RTD is updated. This UE specific RTD can be divided by two to calculate the ntn-propagationDelay. 
Proposal 2: 
Add user specific parameters schedulingOffset and nrofHARQ-Retransmissions to System Information parameters in NTN. 
2.2 RLC Sequence Numbers

In NR [4], 12bit and 18bit are specified as possible RLC AM sequence number (SN) field length. The maximum AM_Window_Size results in 131 072.
During Study Item phase, the supportable RLC bit rate for one radio bearer – assuming the maximum SN field length – was analysed and captured in subsection 7.2.2.2 of [2]. It was observed that with appropriate configurations (number of RLC retransmissions = {1; 4}; RLC SDU size = {500Byte, 1500Byte}) the NTN targeted experience data rates can be achieved for a LEO satellite system at an altitude of 600km with transparent architecture. For a GEO satellite system with transparent architecture and an RLC SDU size of 500Byte, the targeted experience data rate of the most challenging usage scenario namely airplanes connectivity, cannot be achieved neither with one nor with four possible retransmissions in RLC layer.
During Study Item phase, three options have been identified to cope with this limitation [2]:
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.
Extending the RLC SN length, as suggested by Option 2, increases the requirements for the devices and will have impact on further specification parameters as PDCP SN length and is from our perspective not preferable. 
In NTN, the main issue to reduce delays for RLC retransmissions is the availability of RLC status reports. Due to the long RTD, it takes a significant time between initiating and receiving of an RLC status report. Improvements can be discussed separately. From our perspective it is acceptable that the targeted experience data rates defined for different usage scenarios, see Table B.2-1 of [2], may temporarily not be supported for all reference scenarios. Therefore, we propose to apply Option 1, whereby improvements on the availability of the status reports as mentioned by Option 3 are not precluded.

Proposal 3: 
The NR RLC AM sequence number field length is applied for NTN.

Proposal 4: 
Agree on text proposal for TS 38.322, see Appendix A.

Proposal 5: 
Agree on text proposal for TS 38.331, see Appendix B.
3 Conclusion and Proposals

In this document, we discussed the enhancements for NTN on RLC control loops and timers. The following proposals are made: 
Proposal 1: 
Apply formula (2) for configuration of t-Reassembly in NTN.

Proposal 2: 
Add user specific parameters schedulingOffset and nrofHARQ-Retransmissions to System Information parameters in NTN. 

Proposal 3: 
The NR RLC AM sequence number field length is applied for NTN.

Proposal 4: 
Agree on text proposal for TS 38.322, see Appendix A.

Proposal 5: 
Agree on text proposal for TS 38.331, see Appendix B.
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Start of Change
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Data field element: An RLC SDU or an RLC SDU segment that is mapped to the Data field.

RLC data volume: The amount of data available for transmission in an RLC entity.

RLC SDU segment: A segment of an RLC SDU.
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
>>>> Skip
NTN
Non-Terrestrial Networks
Next Change
7.3
Timers

The following timers are configured by TS 38.331 [5]:

a) t-PollRetransmit
This timer is used by the transmitting side of an AM RLC entity in order to retransmit a poll (see sub clause 5.3.3).

b) t-Reassembly
This timer is used by the receiving side of an AM RLC entity and receiving UM RLC entity in order to detect loss of RLC PDUs at lower layer (see sub clauses 5.2.2.2 and 5.2.3.2). If t-Reassembly is running, t-Reassembly shall not be started additionally, i.e. only one t-Reassembly per RLC entity is running at a given time.
For NTN, the expiration time of t-Reassembly is calculated by

t-Reassembly = (2 ∙ ntn-propagationDelay + schedulingOffset) ∙ nrofHARQ-Retransmissions,
where 
ntn-propagationDelay covers the one-way propagation delay from the UE to the gNB or vice versa, 
schedulingOffset and nrofHARQ-Retransmissions is signalled via SIB10.
Editor’s note: In NTN, ntn-propagationDelay will be needed during RACH procedure and will be specified in TS 38.321.
c) t-StatusProhibit
This timer is used by the receiving side of an AM RLC entity in order to prohibit transmission of a STATUS PDU (see sub clause 5.3.4).

7.4
Configurable parameters

The following parameters are configured by TS 38.331 [5]:

a) maxRetxThreshold
This parameter is used by the transmitting side of each AM RLC entity to limit the number of retransmissions corresponding to an RLC SDU, including its segments (see subclause 5.3.2).

b) pollPDU
This parameter is used by the transmitting side of each AM RLC entity to trigger a poll for every pollPDU PDUs (see subclause 5.3.3).

c) pollByte
This parameter is used by the transmitting side of each AM RLC entity to trigger a poll for every pollByte bytes (see subclause 5.3.3).
d) schedulingOffset
This parameter is used by the receiving side of each NTN AM RLC entity and each NTN UM RLC entity to determine the expiration time of t-Reassembly (see subclause 7.3 b)).
e) nrofHARQ-Retransmissions
This parameter is used by the receiving side of each NTN AM RLC entity and each NTN UM RLC entity to determine the expiration time of t-Reassembly (see subclause 7.3 b)).
End of Change
Appendix B
Text proposal for TS 38.331
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6.3.1
System information blocks

–
SIB2

SIB2 contains cell re-selection information common for intra-frequency, inter-frequency and/or inter-RAT cell re-selection (i.e. applicable for more than one type of cell re-selection but not necessarily all) as well as intra-frequency cell re-selection information other than neighbouring cell related.
>>>> Skip
–
SIB9

SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:
The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
SIB9 information element
-- ASN1START

-- TAG-SIB9-START

SIB9 ::=                            SEQUENCE {

    timeInfo                            SEQUENCE {

        timeInfoUTC                         INTEGER (0..549755813887),

        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R

        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R

        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R

    }                                                                               OPTIONAL,   -- Need R

    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,

    ...

}

-- TAG-SIB9-STOP

-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.


NOTE 1:
The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) -  2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).
–
SIBxx
SIBxx contains information related to non-terrestrial networks. The UE may use the parameters provided in this system information block to determine the expiration time of t-Reassembly.
SIBxx information element
-- ASN1START

-- TAG-SIB10-START

SIB10 ::=                            SEQUENCE {

nrofHARQ-Retransmissions 



INTEGER (0..31)






OPTIONAL,   -- Need R

schedulingOffset 





INTEGER (0..31)






OPTIONAL    -- Need R

    ...

}

-- TAG-SIB10-STOP

-- ASN1STOP

	SIB10 field descriptions

	nrofHARQ-Retransmissions 
Indicates the maximum number of configured HARQ retransmissions for downlink.

	schedulingOffset 
Offset for the possible delays on UE and network side for one round trip in units of ms.


End of Change
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