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[bookmark: _Ref138137599]Introduction
During RAN2#121bis-e and RAN2#122 the session discussed the possible fallback scenarios that are applicable between single PRACH transmission (legacy) and Multiple PRACH Transmissions, and the different number of repetition factors within Multiple PRACH Transmissions. This contribution discusses the possible scenarios with some proposals on how to proceed. As a base for this discussion, the following agreements from previous meetings are used:
RAN2#121bis-e: Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE)
RAN2#121bis-e: RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS
RAN2#122: RAN2 to further discuss fallback from lower number of MSG1 repetition to higher number which is also FFS for now. We need to understand how to signal this and how this impacts MAC procedure.

Also, we would like to clarify the semantics used in this contribution:
Random Access Procedure: The procedure initiated by MAC. Might contain many Random Access attempts.
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Random Access attempt: The attempt to send one preamble in single PRACH transmissions. One or more of these attempts make up a procedure. In multiple PRACH transmissions, one attempt contains of 2, 4 or 8 preambles according to repetition factor.
[bookmark: _Ref178064866][bookmark: _Ref117485385]Discussion
1.1 Fallback Scenarios
Discussions during RAN2#121bis-e and RAN2#122 agreed to use the RACH Partitioning Framework and the early indication capabilities in a certain preamble selection based on preamble partitions. The reason for this is so that the gNB can choose to combine only the applicable candidates for Multiple PRACH Transmissions. During RAN2#121bis-e, agreements around fallback procedures where done (see chapter 1).
These agreements were made under the assumption that it would be very complex to make a new random access attempt with a RACH resource from another FeatureCombination. Based on this, RAN2 concluded that it is not possible to support fallback between legacy RA and multiple PRACH Transmissions.
However, there are other means to enable a UE to go from legacy random access procedure to multiple PRACH transmissions as is described in proposals later in this contribution.
1. 
2. 
Consider the example in Figure 1 below, where a random access procedure is initiated from RRC. At the initiation of the random access procedure a number of parameters are configured within MAC, see 3GPP Reference 1 below.
[bookmark: _Ref138750972]3GPP Reference 1; TS 38.321 17.4.0 Chapter 5.1.1
	When a Random Access procedure is initiated, UE selects a set of Random Access resources as specified in clause 5.1.1b and initialises the following parameters for the Random Access procedure according to the values configured by RRC for the selected set of Random Access resources:
-- omitted --
-	FeatureCombination: feature or a combination of features associated with a set of Random Access resources;
-	featurePriorities: priorities for features, such as RedCap, Slicing, etc. (see clause 5.1.1d);



[image: ]
[bookmark: _Ref137562755]Figure 1; Random Access Procedure

This means that when the random access procedure is done within MAC, the FeatureCombination is set and can’t be changed. Thus, MAC is unable to go from single PRACH transmissions to multiple PRACH transmissions within the MAC Random Access Procedure.
[bookmark: _Toc142574000]Once MAC handles the random access procedure, FeatureCombination cannot be changed.
[bookmark: _Toc142574001]If FeatureCombination is configured as msg-1 repetition only, without reference to number of PRACH transmissions, an increase in multiple PRACH transmissions could be supported within MAC.
RRC configures RACH Occasions (ROs) on the SSBs based on configuration (e.g. FeatureCombination and FeatureCombinationPreambles, as well as many other parameters). The flowchart in Figure 1 above describes the procedures in 3GPP TS 38.321, chapter 5.1.3 (preamble transmission) and chapter 5.1.4 (RAR reception).
As can be observed from the figure (or chapter 5.1.4 quoted below in 3GPP Reference 2), if no Random Access Response is received when the ra-responseWindow expires, this particular attempt did not succeed, and the UE will perform a random backoff (if preambleTransMax has not been reached), before making a new attempt. Note that this attempt refers to the chapter 5.1.2 as highlighted in yellow in 3GPP Reference 1 below.
[bookmark: _Ref138752549][bookmark: _Ref142461866]3GPP Reference 2 – No RAR received within ra-responseWindow
	if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
3>	if the Random Access Preamble is transmitted on the SpCell:
4>	indicate a Random Access problem to upper layers;
4>	if this Random Access procedure was triggered for SI request:
5>	consider the Random Access procedure unsuccessfully completed.
3>	else if the Random Access Preamble is transmitted on an Scell:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if the Random Access procedure is not completed:
3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:
4>	perform the Random Access Resource selection procedure (see clause 5.1.2).
3>	else if the Random Access procedure for an Scell is performed on uplink carrier where pusch-Config is not configured:
4>	delay the subsequent Random Access transmission until the Random Access Procedure is triggered by a PDCCH order with the same ra-PreambleIndex, ra-ssb-OccasionMaskIndex, and UL/SUL indicator TS 38.212 [9].
3>	else:
4>	perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.




The chapter 5.1.2 in 3GPP TS 38.321 does not make any restrictions on whether or not to select a RACH resource from the same or different preamble partition (although some parameters have already been initialized when the procedure was started, e.g. FeatureCombination). This means that the FeatureCombination associated with a preamble partition must be respected, but potentially several partitions might be available, with different repetition factors associated with them.
3GPP Reference 3 - Random Access Resource Selection
	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.



[bookmark: _Toc138753186][bookmark: _Toc142574002]3GPP TS 38.321 17.4.0 does not make any restriction on the partition to select random access resources from as long as the initialized parameters are respected.
[bookmark: _Toc142574003]Several partitions with FeatureCombination fulfilling msg1-rep might be available, with different repetition factors.
[bookmark: _Ref138062502][bookmark: _Toc142574005]RAN2 to define procedures for a UE to fallback to a higher number of PRACH transmissions from a lower number of PRACH transmissions within MAC with the addition of a new preambleTransMax-CE parameter.
Furthermore, after reviewing the current random access procedure, we think it seems like a feasible alternative to let the MAC procedure handle fallback within multiple PRACH transmissions in line with Proposal 1. However, we also see potential for a fallback procedure from single PRACH transmission to multiple PRACH transmissions from RRC. We suggest the following enhancements as described in orange in Figure 2 below, to support multiple PRACH transmissions, with fallback procedures both from single PRACH transmission to multiple PRACH transmissions, and within multiple PRACH transmissions.
[bookmark: _Toc142574004]Even though an agreement was made during RAN2#121bis to not support fallback from single PRACH transmission to multiple PRACH transmissions, it seems possible to define a procedure that spans both RRC and MAC.
[bookmark: _Toc142574006]RAN2 re-evaluates previous agreements on not supporting fallback from single PRACH Transmission to Multiple PRACH Transmissions.
[bookmark: _Toc142574007]RAN2 to define procedures for a UE to go from single PRACH transmission to multiple PRACH transmissions.

[image: ]
[bookmark: _Ref138062604][bookmark: _Ref138062608]Figure 2; Possible additions of random access procedure to support multiple PRACH transmissions.
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Conclusion
[bookmark: _Hlk76116627]In the previous sections we made the following observations: 
Observation 1	Once MAC handles the random access procedure, FeatureCombination cannot be changed.
Observation 2	If FeatureCombination is configured as msg-1 repetition only, without reference to number of PRACH transmissions, an increase in multiple PRACH transmissions could be supported within MAC.
Observation 3	3GPP TS 38.321 17.4.0 does not make any restriction on the partition to select random access resources from as long as the initialized parameters are respected.
Observation 4	Several partitions with FeatureCombination fulfilling msg1-rep might be available, with different repetition factors.
Observation 5	Even though an agreement was made during RAN2#121bis to not support fallback from single PRACH transmission to multiple PRACH transmissions, it seems possible to define a procedure that spans both RRC and MAC.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to define procedures for a UE to fallback to a higher number of PRACH transmissions from a lower number of PRACH transmissions within MAC with the addition of a new preambleTransMax-CE parameter.
Proposal 2	RAN2 re-evaluates previous agreements on not supporting fallback from single PRACH Transmission to Multiple PRACH Transmissions.
Proposal 3	RAN2 to define procedures for a UE to go from single PRACH transmission to multiple PRACH transmissions.
[bookmark: _In-sequence_SDU_delivery]
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