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1	Introduction
Since NR-U is one of the more important use cases for the 2-step RA procedure it is vital that the design enables various configurations for different scenarios ensuring efficient 2-step operation for NR-U. For NR-U, the need to apply Listen Before Talk (LBT) before accessing the channel is one important difference compared to normal NR operation. In case the LBT fails, it also means that the NR-U transmission fail. For the 2-step procedure, it is important for NR-U that the msgA transmission can be done using only one LBT, something which is not the case if there is a gap exceeding 16µs between the PRACH and the PUSCH transmission. In this contribution we discuss some additional agreements we believe would be necessary to ensure good performance for the 2-step RA in NR-U.
[bookmark: _Ref178064866]2	Background
In RAN1#99 it was agreed not to apply a minimum gap between the preamble transmission and msgA PUSCH for NR-U according to 
Agreements:
· The minimum transmission gap between the end of msgA PRACH and the beginning of msgA PUSCH (guard time excluded) is no less than Ngap symbols, as specified in TS 38.213, i.e., 2 or 4 symbols depending on the SCS
· This is not applied for NR-U
· Note: This is aligned with Rel-15

Another technique which can be used to reduce the gap prior to a PUSCH transmission is Cyclic Prefix (CP) extension. This technique means that the transmission of the cyclic prefix is extended to start before the time domain allocation of the configured PUSCH resource. There are RAN1 agreements supporting CP extension to remove or shorten a gap prior to a PUSCH transmission, for example from RAN1#98bis where it was agreed for configured grant operation in NR-U to extend the cyclic prefix by up to 72 µs in multiples of 9 µs:
Agreement:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 
· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds
However, CP extension is not presently supported for msgA PUSCH transmission even when the UE supports CP extension. We see no fundamental reason why a UE that supports CP extension could not use it for 2-step RACH operation.  
[bookmark: _Toc32432370]It is unclear why UEs that support CP extension for configured grant operation do not support CP extension in 2-step RACH operation.
[bookmark: _Hlk31361367]Without a CP extension, it is currently only the 12 symbol long preamble formats (B4) that extends to within 16µs of the slot border and allow transmission of the PUSCH in the next slot without a gap. And even if this preamble format is selected, a PRACH configuration where the RO is in the end of the PRACH slot is also needed. An examination of PRACH formats and PRACH configuration tables shows that these two conditions can only be met using format B4 with 30 kHz SCS (and for only about 10 different PRACH configurations out of the over 250 available configurations in the tables). This means that currently the possible configurations for NR-U to enable transmission of PRACH and PUSCH without a gap are very limited. 
[bookmark: _Toc32432371]The currently available configurations that can allow gapless transmission of msgA PRACH and PUSCH are very limited.
There are two main enhancements that can be done to increase the number of available configurations to support gapless transmission of msgA PRACH and PUSCH, namely
· CP extension to allow use of other preamble formats
· Enable more configurations where the RO is at the end of the PRACH slot.
These two enhancements are explored in the following section.
3	Discussion
3.1	Use of CP extension for msgA PUSCH
The CP extension has already been agreed in NR-U for dynamic grant and CG transmissions. The CP extension results in that the transmission will start before e.g. the scheduled PUSCH transmission and thereby occupying the channel and, given that the gap from the previous (PRACH) transmission is short enough, allowing PUSCH transmission without doing an LBT operation. This will enable use of also shorter preamble formats.
[bookmark: _Toc32432372]The use of CP extension for msgA will enable use of shorter (4-6 symbols) preamble formats.
A related issue is how the CP extension is configured. The agreed extended CP for dynamically scheduled PUSCH is configured via dedicated RRC signalling. To ensure 2-step operation without a gap for msgA transmission the configuration must be carried in SIB to allow also idle and inactive UEs to use it.

[bookmark: _Toc32484085]Support configuration of CP extension also for msgA PUSCH. 
[bookmark: _Toc32484086]Configuration of CP extension for msgA PUSCH can be carried in SIB and dedicated RRC signalling
Since CP extension is specified by RAN1 we propose that RAN2 send an LS to RAN1 asking them to specify this in relevant RAN1 specification.
[bookmark: _Toc32484087]RAN2 sends an LS to RAN1 asking them to specify CP extension for msgA

3.2	Enabling use of ROs in the end of PRACH slots
The other aspect noted above is that the RO must be at the end of the PRACH slot to ensure a short enough gap. In RAN1#98bis, the msgA-ssb-sharedROmaskindex was agreed. This mask can be used when ROs are shared between the 4-step and 2-step RA procedures. The mask indicates which ROs are shared between the procedures (ROs not indicated are used only by 4-step). In case the mask is not configured, all ROs are shared between the procedures. The mask can be useful to indicate ROs that are in the end of a slot when short preamble formats are used, hereby allowing configurations where even shorter preamble formats can be used without a gap to the msgA PUSCH transmission.
[bookmark: _Toc32432373]The msgA-ssb-sharedROmaskindex can indicate the RO at the end of a slot when shared ROs are configured, hereby supporting transmission of short PRACH and msgA PUSCH without a gap.
With the current agreements the use of the msgA-ssb-sharedROmaskindex is limited to the case with shared ROs. It would be easy to either extend the use of it to also non-shared configurations or define a new mask with different name but same definition.  We therefore propose
[bookmark: _Toc32484088]Allow usage of the msgA-ssb-sharedROmaskindex also for the non-shared RO case. 
As an alternative to using a PRACH mask would be to allow the UE to autonomously select the RO to use within the slot. Currently the procedure is that the UE randomly selects RO among the consecutive ROs mapped to the same SSB. As an alternative, the UE could be mandated or configured to select the last RO in the slot. This would achieve similar behaviour as using the mask proposed in Proposal 4 but might be easier to implement.
[bookmark: _Toc32484089][bookmark: _GoBack]If Proposal 4 is not agreed, support that the UE can be configured to only use the last RO in the PRACH slot. 
Defining a new RO mask or changing the RO selection only require small changes in the MAC specification. However, then RAN1 specs will be impacted, e.g. SSB to PRACH mapping. We therefore propose that RAN2 sends an LS to RAN1 asking them to specify this in relevant RAN1 specification.
[bookmark: _Toc32484090]RAN2 sends an LS to RAN1 asking them to allow usage of the msgA-ssb-sharedROmaskindex also for the non-shared RO case.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	It is unclear why UEs that support CP extension for configured grant operation do not support CP extension in 2-step RACH operation.
Observation 2	The currently available configurations that can allow gapless transmission of msgA PRACH and PUSCH are very limited.
Observation 3	The use of CP extension for msgA will enable use of shorter (4-6 symbols) preamble formats.
Observation 4	The msgA-ssb-sharedROmaskindex can indicate the RO at the end of a slot when shared ROs are configured, hereby supporting transmission of short PRACH and msgA PUSCH without a gap.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support configuration of CP extension also for msgA PUSCH.
Proposal 2	Configuration of CP extension for msgA PUSCH can be carried in SIB and dedicated RRC signalling
Proposal 3	RAN2 sends an LS to RAN1 asking them to specify CP extension for msgA
Proposal 4	Allow usage of the msgA-ssb-sharedROmaskindex also for the non-shared RO case.
Proposal 5	If Proposal 4 is not agreed, support that the UE can be configured to only use the last RO in the PRACH slot.
Proposal 6	RAN2 sends an LS to RAN1 asking them to allow usage of the msgA-ssb-sharedROmaskindex also for the non-shared RO case.
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