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[bookmark: _Ref165266342]Introduction
This contribution discusses the technical issues on the RACH procedure for NTN in the current TS 38.321 [1] and provides corresponding TP.
Corrections on RACH procedure
Avoidance of preamble ambiguity
In RAN2#112e meeting, RAN2 agreed on the following agreement [2] to handle the issue of preamble ambiguity in R17 NTN:
1. If the UE-gNB RTT is pre-compensated, preamble ambiguity is not an issue in Rel-17 NTN (i.e. no enhancements are necessary). FFS how and by whom the possibly multiple components of UE-gNB RTT are pre-compensated
In the latest RAN1 UE feature list [3], the feature group about uplink Time and Frequency pre-compensation and timing relationship enhancements have been introduced for R17 NTN. Based on the new feature group, the UL time pre-compensation for random access preamble transmission is supported. But, the related UE behaviour on how to select a PRACH occasion by taking it into account is missing in the current specification.
To pre-compensate the random access preamble transmission, UE shall take into account the UE-gNB RTT to select an available PRACH occasion which is sufficiently far away in time domain to afford the time pre-compensation, in order to eliminate preamble ambiguity at the NW side. Thus, it is proposed to add the related description in the TS 38.321 clause 5.1.2 that if Random Access Preamble is transmitted on a non-terrestrial network, the MAC entity shall take into account the UE-gNB RTT when determining the next available PRACH occasion.
Proposal 1: Specify in the TS 38.321, subclause 5.1.2 that if Random Access Preamble is transmitted on a non-terrestrial network, the MAC entity shall take into account the UE-gNB RTT when determining the next available PRACH occasion.
The handling of the expiry of ra-ContentionResolutionTimer
To support blind Msg3 retransmission in R17 NTN, there was the following condition introduced for the handling of the expiry of ra-ContentionResolutionTimer as an NTN specific enhancement [1]: 
	[bookmark: _Toc29239824][bookmark: _Toc37296183][bookmark: _Toc46490309][bookmark: _Toc52752004][bookmark: _Toc52796466][bookmark: _Toc90287177]5.1.5	Contention Resolution
Once Msg3 is transmitted the MAC entity shall:
1>	if Msg3 is transmitted on a non-terrestrial network:
2> start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission plus the UE estimate of UE-gNB RTT. 
1>	else:
2> start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;
<unchanged part is omitted>
1>	if ra-ContentionResolutionTimer expires:
2>	if Msg3 is transmitted on a non-terrestrial network and ra-ContentionResolutionTimer expires prior to the first symbol after the end of a Msg3 retransmission plus the UE estimate of UE-gNB RTT:
3>	do not consider the Contention Resolution unsuccessful.
2>	else
3>	discard the TEMPORARY_C-RNTI;
3>	consider the Contention Resolution not successful.


We understand the yellow part above, along with the corresponding agreements, intends to capture the use case as shown in Fig 1. However, to handle the impact of large propagation delay on the scheduling in the NTN scenario, RAN1 introduces K_offset to enhance the timing relationships for the DCI scheduled PUSCH. Based on the parameter configuration of K_offset and ra-ContentionResolutionTimer as shown in the following table, the use case as shown in Fig 2 is also possible, which should be covered also in the TS 38.321, besides the blind Msg.3 retransmission as previously focused on by the related agreement.
	cellSpecificKoffset-r17                           INTEGER(0..1023)   OPTIONAL,  -- Need R                                            

cellSpecificKoffset     
The CellSpecific_K_offset is a scheduling offset used for the timing relationships that need to be modified for NTN [see TS 38.2xy]. The unit of K_offset is number of slots for a given subcarrier spacing of 15 kHz. FFS other SCS   

	ra-ContentionResolutionTimer            ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},

ra-ContentionResolutionTimer
The initial value for the contention resolution timer (see TS 38.321 [3], clause 5.1.5). Value sf8 corresponds to 8 subframes, value sf16 corresponds to 16 subframes, and so on.





Fig.1 Use case that ra-ContentionResolutionTimer expires when blind msg3 retransmission is used


Fig.2 Use case that ra-ContentionResolutionTimer expires when blind msg3 retransmission is not used
The commonality of the two use cases is that the ra-ContentionResolutionTimer expires prior to the time point that the ra-ContentionResolutionTimer is going to be restarted by a known Msg3 retransmission (i.e. the point marked with “Restart timer” in the figures). Thus, there are main two options to capture the above two use cases.
· Option 1: Upon the ra-ContentionResolutionTimer expires, the MAC entity judges whether the expiry of the ra-ContentionResolutionTimer occurs prior to the time point that ra-ContentionResolutionTimer is going to be restarted. If Yes, the MAC entity shall not consider the Contention resolution unsuccessful.
Option 1 is the way adopted by the current MAC spec. For option 1, the time point is expressed as the first symbol after the end of the Msg3 retransmission plus the UE estimate of UE-gNB RTT. To cover the use cases as shown in Fig.1 and Fig.2. it shall be captured whether the aforementioned Msg3 retransmission was performed or is going to be performed upon the ra-ContentionResolutionTimer expires. However, in the current MAC spec, the responsibility of the MAC entity is to handle the uplink grant and trigger retransmission. That means that the MAC entity does not care about whether the retransmission is already performed or not. In addition, the principle of MAC spec is to capture what UE needs to do. Thus, Option 1 is not aligned with the current MAC spec formulation, which is not preferable.
Instead, the condition can be fixed into a positive logic with below option 2, specifying when the UE shall consider the contention resolution unsuccesful and discard the TC-RNTI as in the legacy:
· Option 2: Upon the ra-ContentionResolutionTimer expires, the MAC entity judges whether the restart of ra-ContentionResolutionTimer is to be triggered by any Msg3 retransmission at the point of ra-ContentResolutionTimer expiry. If No, the MAC entity shall consider the Contention resolution unsuccessful.
Option 2 can overcome the disadvantages of option 1 mentioned above, so it is proposed from our perspective. The related spec change is as follows:
	1>	if ra-ContentionResolutionTimer expires and if it is not to be restarted triggered by a Msg3 retransmission: 
2>	if Msg3 is transmitted on a non-terrestrial network and ra-ContentionResolutionTimer expires prior to the first symbol after the end of a Msg3 retransmission plus the UE estimate of UE-gNB RTT:
3>	do not consider the Contention Resolution unsuccessful.
2>	else
32>	discard the TEMPORARY_C-RNTI;
32>	consider the Contention Resolution not successful.


Proposal 2: In the TS 38.321, subclause 5.1.5, remove the descriptions “if Msg3 is transmitted on a non-terrestrial network and ra-ContentionResolutionTimer expires prior to the first symbol after the end of a Msg3 retransmission plus the UE estimate of UE-gNB RTT, do not consider the Contention Resolution unsuccessful”. Update the condition “if ra-ContentionResolutionTimer expires” to “if ra-ContentionResolutionTimer expires and if it is not to be restarted by a Msg3 retransmission” for the handling of contention resolution unsuccessful.
Proposal 3: If proposal 1 and proposal 2 are agreed, RAN2 adopts the TP in the Annex for the corresponding corrections on RACH procedure. 
[bookmark: _Toc502437832]Conclusions
This contribution identifies technical issues on the RACH procedure for NTN existing in the current TS 38.321 [1]. 
Proposal 1: Specify in the TS 38.321, subclause 5.1.2 that if Random Access Preamble is transmitted on a non-terrestrial network, the MAC entity shall take into account the UE-gNB RTT when determining the next available PRACH occasion.
Proposal 2: In the TS 38.321, subclause 5.1.5, remove the descriptions “if Msg3 is transmitted on a non-terrestrial network and ra-ContentionResolutionTimer expires prior to the first symbol after the end of a Msg3 retransmission plus the UE estimate of UE-gNB RTT, do not consider the Contention Resolution unsuccessful”. Update the condition “if ra-ContentionResolutionTimer expires” to “if ra-ContentionResolutionTimer expires and if it is not to be restarted by a Msg3 retransmission” for the handling of contention resolution unsuccessful.
Proposal 3: If proposal 1 and proposal 2 are agreed, RAN2 adopts the TP in the Annex for the corresponding corrections on RACH procedure. 
Reference
[1] TS 38.321, V17.0.0
[2] RAN2 #112e, Meeting Minutes
[3] R1-2202928 Updated RAN1 UE features list for Rel-17 NR after RAN1 #108-e


Annex: Proposed TP to TS 38.321
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[bookmark: _Toc100871970]5.1.2	Random Access Resource selection
If the selected RA_TYPE is set to 4-stepRA, the MAC entity shall:
1>	if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause 5.17); and
1>	if the beamFailureRecoveryTimer (in clause 5.17) is either running or not configured; and
1>	if the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have been explicitly provided by RRC; and
1>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList or the CSI-RSs with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSList is available:
2>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSList;
2>	if CSI-RS is selected, and there is no ra-PreambleIndex associated with the selected CSI-RS:
3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the SSB in candidateBeamRSList which is quasi-colocated with the selected CSI-RS as specified in TS 38.214 [7].
2>	else:
3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB or CSI-RS from the set of Random Access Preambles for beam failure recovery request.
1>	else if the ra-PreambleIndex has been explicitly provided by PDCCH; and
1>	if the ra-PreambleIndex is not 0b000000:
2>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;
2>	select the SSB signalled by PDCCH.
1>	else if the contention-free Random Access Resources associated with SSBs have been explicitly provided in rach-ConfigDedicated and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:
2>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.
1>	else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided in rach-ConfigDedicated and at least one CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs is available:
2>	select a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
1>	else if the Random Access procedure was initiated for SI request (as specified in TS 38.331 [5]); and
1>	if the Random Access Resources for SI request have been explicitly provided by RRC:
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
2>	select a Random Access Preamble corresponding to the selected SSB, from the Random Access Preamble(s) determined according to ra-PreambleStartIndex as specified in TS 38.331 [5];
2>	set the PREAMBLE_INDEX to selected Random Access Preamble.
1>	else (i.e. for the contention-based Random Access preamble selection):
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
2>	if the RA_TYPE is switched from 2-stepRA to 4-stepRA:
3>	if a Random Access Preambles group was selected during the current Random Access procedure:
4>	select the same group of Random Access Preambles as was selected for the 2-step RA type.
3>	else:
4>	if Random Access Preambles group B is configured; and
4>	if the transport block size of the MSGA payload configured in the rach-ConfigDedicated corresponds to the transport block size of the MSGA payload associated with Random Access Preambles group B:
5>	select the Random Access Preambles group B.
4>	else:
5>	select the Random Access Preambles group A.
2>	else if Msg3 buffer is empty:
3>	if Random Access Preambles group B is configured:
4>	if the potential Msg3 size (UL data available for transmission plus MAC subheader(s) and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroupB; or
4>	if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC subheader is greater than ra-Msg3SizeGroupA:
5>	select the Random Access Preambles group B.
4>	else:
5>	select the Random Access Preambles group A.
3>	else:
4>	select the Random Access Preambles group A.
2>	else (i.e. Msg3 is being retransmitted):
3>	select the same group of Random Access Preambles as was used for the Random Access Preamble transmission attempt corresponding to the first transmission of Msg3.
2>	select a Random Access Preamble randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group;
2>	set the PREAMBLE_INDEX to the selected Random Access Preamble.
1>	if the Random Access procedure was initiated for SI request (as specified in TS 38.331 [5]); and
1>	if ra-AssociationPeriodIndex and si-RequestPeriod are configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB in the association period given by ra-AssociationPeriodIndex in the si-RequestPeriod permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] corresponding to the selected SSB; if Random Access Preamble is transmitted on a non-terrestrial network, the MAC entity shall take into account the UE-gNB RTT when determining the next available PRACH occasion corresponding to the selected CSI-RS).
1>	else if an SSB is selected above:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured or indicated by PDCCH (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB; if Random Access Preamble is transmitted on a non-terrestrial network, the MAC entity shall take into account the UE-gNB RTT when determining the next available PRACH occasion corresponding to the selected SSB).
1>	else if a CSI-RS is selected above:
2>	if there is no contention-free Random Access Resource associated with the selected CSI-RS:
3>	determine the next available PRACH occasion from the PRACH occasions, permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, corresponding to the SSB in candidateBeamRSList which is quasi-colocated with the selected CSI-RS as specified in TS 38.214 [7] (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the SSB which is quasi-colocated with the selected CSI-RS; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the SSB which is quasi-colocated with the selected CSI-RS; if Random Access Preamble is transmitted on a non-terrestrial network, the MAC entity shall take into account the UE-gNB RTT when determining the next available PRACH occasion corresponding to the selected CSI-RS).
2>	else:
3>	determine the next available PRACH occasion from the PRACH occasions in ra-OccasionList corresponding to the selected CSI-RS (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers regardless the FR2 UL gap, corresponding to the selected CSI-RS; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS; if Random Access Preamble is transmitted on a non-terrestrial network, the MAC entity shall take into account the UE-gNB RTT when determining the next available PRACH occasion corresponding to the selected CSI-RS).
1>	perform the Random Access Preamble transmission procedure (see clause 5.1.3).
NOTE 1:	When the UE determines if there is an SSB with SS-RSRP above rsrp-ThresholdSSB or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS, the UE uses the latest unfiltered L1-RSRP measurement.
NOTE 2:	Void.
NOTE 3:	If a RedCap UE in RRC_IDLE or RRC_INACTIVE mode is configured with a BWP indicated by initialDownlinkBWP-RedCap which is not associated with any SSB, SS-RSRP measurement is performed based on the SSB associated with the BWP indicated by initialDownlinkBWP.
Editor's NOTE:	Postpone the discussion on whether and how to capture the agreement: From RAN2 perspective, if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission.
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Once Msg3 is transmitted the MAC entity shall:
1>	if Msg3 is transmitted on a non-terrestrial network:
2>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission plus the UE estimate of UE-gNB RTT.
1>	else if the Msg3 transmission (i.e. initial transmission or HARQ retransmission) is scheduled with Type A PUSCH repetition:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission.
1>	else:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission.
1>	monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;
1>	if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:
2>	if the C-RNTI MAC CE was included in Msg3:
3>	if the Random Access procedure was initiated for SpCell beam failure recovery or for beam failure recovery of both BFD-RS sets of SpCell (as specified in clause 5.17) and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:
4>	consider this Contention Resolution successful;
4>	stop ra-ContentionResolutionTimer;
4>	discard the TEMPORARY_C-RNTI;
4>	consider this Random Access procedure successfully completed.
2>	else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:
3>	if the MAC PDU is successfully decoded:
4>	stop ra-ContentionResolutionTimer;
4>	if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and
4>	if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:
5>	consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;
5>	if this Random Access procedure was initiated for SI request:
6>	indicate the reception of an acknowledgement for SI request to upper layers.
5>	else:
6>	set the C-RNTI to the value of the TEMPORARY_C-RNTI;
5>	discard the TEMPORARY_C-RNTI;
5>	consider this Random Access procedure successfully completed.
4>	else:
5>	discard the TEMPORARY_C-RNTI;
5>	consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.
1>	if ra-ContentionResolutionTimer expires and if it is not to be restarted triggered by a Msg3 retransmission:
2>	if Msg3 is transmitted on a non-terrestrial network and ra-ContentionResolutionTimer expires prior to the first symbol after the end of a Msg3 retransmission plus the UE estimate of UE-gNB RTT:
3>	do not consider the Contention Resolution unsuccessful.
2>	else:
32>	discard the TEMPORARY_C-RNTI;
32>	consider the Contention Resolution not successful.
1>	if the Contention Resolution is considered not successful:
2>	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
3>	indicate a Random Access problem to upper layers.
3>	if this Random Access procedure was triggered for SI request:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if the Random Access procedure is not completed:
3>	if the RA_TYPE is set to 4-stepRA:
4>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
4>	if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:
5>	perform the Random Access Resource selection procedure (see clause 5.1.2);
4>	else:
5>	perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.
3>	else (i.e. the RA_TYPE is set to 2-stepRA):
4>	if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISSION_COUNTER = msgA-TransMax + 1:
5>	set the RA_TYPE to 4-stepRA;
5>	perform initialization of variables specific to Random Access type as specified in clause 5.1.1a;
5>	flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;
5>	discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
5>	perform the Random Access Resource selection as specified in clause 5.1.2.
4>	else:
5>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
5>	if the criteria (as defined in clause 5.1.2a) to select contention-free Random Access Resources is met during the backoff time:
6>	perform the Random Access Resource selection procedure for 2-step RA type as specified in clause 5.1.2a.
5>	else:
6>	perform the Random Access Resource selection for 2-step RA type procedure (see clause 5.1.2a) after the backoff time.

	END of TP
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