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1 [bookmark: _Ref178064866]Introduction
Transmission of msgA in the 2-step Random Access procedures is equivalent to preamble transmission on PRACH followed by a transmission on PUSCH. For licensed access, RAN1 has agreed that there is a minimum gap (a few symbols) between these transmissions. For NR-U, this agreement does not apply, implying that PRACH and PUSCH can be sent without a gap if the configuration and selected RACH and PUSCH occasion allows it. In the RAN1 email discussion  [100e-NR-Rel-16-UEFeatures]. it is discussed if a UE capability should be defined for UEs that support transmission without a gap between the PRACH and PUSCH in MsgA should be defined. In this contribution we give our views on this issue.
2 Discussion
The possibility to do gap-less transmissions is of high importance for NR-U. This enables to do the msgA transmission using only one LBT which is very beneficial for 2-step RA performance. To reduce the number of LBTs is the major advantages of the 2-step procedure compared to the 4-step procedure for NR-U. This makes NR-U one of the more important scenarios for the 2-step RA. In this way, the ability to make gap-less msgA transmissions in NR-U is important for the usefulness of 2-step RA.

[bookmark: _Toc37340773]The ability to make gap-less msgA transmissions is important in NR-U scenarios.

One of the basic Random access situations is that of initial access. If gap-less msgA transmission is a UE capability this is problematic since UE capabilities are not known to the network before initial access has been done. This means that cells allowing gap-less msgA transmission could prevent UEs not supporting this feature from accessing these cells. 

[bookmark: _Toc37340774]UEs not supporting gap-less msgA may be prevented to do initial access in a cell.
.
Therefore, mandating that all NR-U UEs support gap-less msgA transmission is the preferred solution to ensure the usefulness of 2-step RA in NR-U.

[bookmark: _Toc37255352][bookmark: _Toc37340776]Support for gap-less msgA transmission is mandatory for all NR-U UEs.

2.1	UE behaviour if gap-less msgA is a capability
[bookmark: _Hlk36823250]In the event tha the email discussion in RAN1 will result in a decision to have a new capability for gap-less msgA transmission the UE behaviour must be specified for UEs not supporting gap-less transmissions. At least two situations can occur:
1. The 2-step configuration has RO-POs which require gap-less transmission and also RO-POs for the selected SSB which do not require gap-less transmission.
2. The 2-step configuration has only RO-POs which require gap-less transmission.
In the first case we believe it is beneficial for the UE to select the first RO-PO indicating the selected SSB which do not require gap-less transmission. 
 
[bookmark: _Toc37255353][bookmark: _Toc37340777]If the 2-step configuration includes RO-POs which do not require support of gap-less msgA transmission with ROs in the same PRACH slot, a UE not supporting gap-less msgA transmission select the first RO-PO indicating the selected SSB which do not require gap-less transmission.

In the second case, there are two options in case also 4-step RA resources are configured. The first option would be to transmit the 2-step preamble only and rely on that the network responds with a fallback RAR. This option would be valid also if no 4-step resources are configured. The second option would be to switch to 4-step random access resource preamble transmission. The difference between these two options would be minimal unless the load on 2-step and 4-step would be very different. However, the second option requires that 4-step resources are configured. Therefore we prefer the first option and propose

[bookmark: _Toc37255354][bookmark: _Toc37340778]If the 2-step configuration only include RO-POs which require support of gap-less msgA transmission, a UE not supporting gap-less msgA transmission transmits the 2-step preamble only.
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Start of changes
[bookmark: _Toc29239899]5.1.2a	Random Access Resource selection for 2-step RA type
If the selected RA_TYPE is set to 2-stepRA, the MAC entity shall:
1>	if the contention-free 2-step RA type Resources associated with SSBs have been explicitly provided in rach-ConfigDedicated and at least one SSB with SS-RSRP above msgA-RSRP-ThresholdSSB amongst the associated SSBs is available:
2>	select an SSB with SS-RSRP above msgA-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 2-step RA type Resources associated with CSI-RSs have been explicitly provided in rach-ConfigDedicated and at least one CSI-RS with CSI-RSRP above msgA-RSRP-ThresholdCSI-RS amongst the associated CSI-RSs is available:
2>	select a CSI-RS with CSI-RSRP above msgA- 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 (i.e. for the contention-based Random Access Preamble selection): 
2>	if at least one of the SSBs with SS-RSRP above msgA- RSRP-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above msgA- RSRP-ThresholdSSB.
2>	else:
3>	select any SSB.
2>	if contention-free Random Access Resources for 2-step RA type have not been configured and if Random Access Preambles group has not yet been selected during the current Random Access procedure:
[bookmark: _Hlk27723011]3>	if Random Access Preambles group B for 2-step RA type is configured:
[bookmark: _Hlk27652409]4>	if the potential MSGA payload size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than the ra-MsgASizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – msgA-PreambleReceivedTargetPower – msgA-DeltaPreamble – msgA-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-MsgASizeGroupA:
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 if contention-free Random Access Resources for 2-step RA type have been configured and if Random Access Preambles group has not yet been selected during the current Random Access procedure: 
3>	if Random Access Preambles group B for 2-step RA type is configured; and
3>	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: 
4>	select the Random Access Preambles group B.
3>	else:
4>	select the Random Access Preambles group A.
2>	else (i.e. Random Access preambles group has been selected during the current Random Access procedure):
3>	select the same group of Random Access Preambles as was used for the Random Access Preamble transmission attempt corresponding to the earlier transmission of MSGA.
2>	select a Random Access Preamble randomly with equal probability from the 2-step RA type 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>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the msgA-SSB-SharedRO-MaskIndex if configured and ra-ssb-OccasionMaskIndex if configured; the MAC entity shall if possible select a PRACH occasion such that the gap between the end of the PRACH occasion and the start of the PUSCH resources of MSGA is supported by the UE capability, (the MAC entity shall select a PRACH occasion randomly with equal probability among the consecutive PRACH occasions allocated for 2-step RA type according to subclause 8.1 of TS 38.213 [6], 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);
1>	determine the UL grant and the associated HARQ information for the PUSCH resource of MSGA associated with the selected preamble and PRACH occasion according to subclause 8.1A of TS 38.213 [6];
1> deliver the UL grant and the associated HARQ information to the HARQ entity;
1>	perform the MSGA transmission procedure (see subclause 5.1.3a).
NOTE:	To determine if there is an SSB with SS-RSRP above msgA-RSRP-ThresholdSSB, the UE uses the latest unfiltered L1-RSRP measurement.
Next change
5.1.3a	MSGA transmission
The MAC entity shall, for each MSGA:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if LBT failure indication was not received from lower layers for the last MSGA Random Access Preamble transmission; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	select the value of DELTA_PREAMBLE according to clause 7.3;
1>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP;
1>	if this is the first MSGA transmission within this Random Access procedure:
2>	if the transmission is not being made for the CCCH logical channel:
3>	indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.
2>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the MSGA buffer.
1> compute the MSGB-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1> If the gap between the end of the PRACH occasion and the start of the PUSCH resources of MSGA is supported by the UE capability:
21>	instruct the physical layer to transmit the MSGA using the selected PRACH occasion and the associated PUSCH resource, using the corresponding RA-RNTI, MSGB-RNTI, PREAMBLE_INDEX, PREAMBLE_RECEIVED_TARGET_POWER, preambleReceivedTargetPower, and the amount of power ramping applied to the latest MSGA preamble transmission (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP).;
1> else
2> instruct the physical layer to transmit the Random Access Preamble using the selected PRACH occasion, corresponding MSGB-RNTI, PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
[bookmark: _Hlk37181778]1>	if LBT failure indication is received from lower layers for the transmission of this MSGA Random Access Preamble:
2>	instruct the physical layer to cancel the transmission of the MSGA payload on the associated PUSCH resource;
2>	perform the Random Access Resource selection procedure for 2-step RA type (see clause 5.1.2a).
NOTE:	The MSGA transmission includes the transmission of the PRACH Preamble as well as the contents of the MSGA buffer in the PUSCH resource corresponding to the selected PRACH occasion and PREAMBLE_INDEX (see TS 38.213 [6])
The MSGB-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
MSGB-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2
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), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8], 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). The RA-RNTI is calculated as specified in subclause 5.1.3. 
End of changes
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The ability to make gap-less msgA transmissions is important in NR-U scenarios.
Observation 2	UEs not supporting gap-less msgA may be prevented to do initial access in a cell.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support for gap-less msgA transmission is mandatory for all NR-U UEs.
Proposal 2	If the 2-step configuration includes RO-POs which do not require support of gap-less msgA transmission with ROs in the same PRACH slot, a UE not supporting gap-less msgA transmission select the first RO-PO indicating the selected SSB which do not require gap-less transmission.
Proposal 3	If the 2-step configuration only include RO-POs which require support of gap-less msgA transmission, a UE not supporting gap-less msgA transmission transmits the 2-step preamble only.
[bookmark: _In-sequence_SDU_delivery] 
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