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1. Introduction
At the RAN1#100bis-e meeting, the remaining issues related to channel structure for 2-step RACH were discussed and RAN1 made agreements [1]. In this contribution, we propose the corrections on Rel-16 specification regarding channel structure for 2-step RACH.

2. Discussion
2.1. RACH configuration index
msgA-prach-ConfigurationIndexNew was introduced to RRC parameter in order to indicate new prach configuration index in Table 6.3.3.2-3, i.e., for unpaired spectrum and FR1, in TS 38.211, which is introduced in Rel-16 TEI. Rel-16 UE behaviour related to new PRACH configuration index in case of 4-step RACH or 2-step RACH is following.
· If UE is indicated new PRACH configuration index, i.e., prach-ConfigurationIndexNew for 4-step RACH or msgA-prach-ConfigurationIndexNew for 2-step RACH, UE transmits preamble in the time resources indicated by new PRACH configuration index, i.e., an index within the range from 256 to 262.
· Otherwise, UE transmits preamble in the time resources indicated by existing PRACH configuration index, i.e., an index within the range from 0 to 255 indicated by prach-ConfigurationIndex for 4-step RACH or msgA-prach-ConfigurationIndex for 2-step RACH.
However, according to the current Rel-16 specification, the description for 4-step RACH is correct, but on the other hand, the description for 2-step RACH looks unclear. Although a UE should use either msgA-prach-ConfigurationIndex or msgA-prach-ConfigurationIndexNew, the specification describes “given by msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew if configured”. 
In addition, msgA-prach-ConfigurationIndexNew can be applied only to Table 6.3.3.2-3, i.e., for unpaired spectrum and FR1. However, the current specification describes that msgA-prach-ConfigurationIndexNew can be applied to other tables, i.e., Tables 6.3.3.2-2 and 6.3.3.2-4. 
Furthermore, either prach-ConfigurationIndexNew or prach-ConfigurationIndex is applied for 2-step RACH if both msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew are not configured. 
Above points should be clarified and corrected.

Proposal 1: Following text proposal is applied to section 6.3.3.2 in TS 38.211.
	6.3.3.2	Mapping to physical resources
~
Random access preambles can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104]. The PRACH configuration index in Tables 6.3.3.2-2 to 6.3.3.2-4 is
-	for Table 6.3.3.2-3
-	for type-2 random access procedure if both msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew are not configured or for a type-1 random access procedure, given by the higher-layer parameter prach-ConfigurationIndexNew if configured, otherwise by the higher-layer parameter prach-ConfigurationIndex, or by msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew if configured; and
-	otherwise, given by the higher-layer parameter msgA-prach-ConfigurationIndexNew if configured, otherwise by the higher-layer parameter msgA-prach-ConfigurationIndex; and
-	for Tables 6.3.3.2-2 and 6.3.3.2-4 given by the higher-layer parameter prach-ConfigurationIndex or by msgA-prach-ConfigurationIndex if configured for a type-2 random access procedure and msgA-prach-ConfigurationIndexNew if configured.
~



2.2. Preamble-to-PRU mapping
During the discussion on PUSCH time domain offset at the last meeting, another issue was raised in case that PRACH SCS is larger than PUSCH SCS and two PRACH slots within a PUSCH slot are indicated by PRACH configuration index. According to the current specification as below, the mapping only from a PRACH slot is considered. Thus, abnormal many-to-one happens as shown in Fig.1, i.e., the preambles within different PRACH slots are mapped to the same PRU. In addition, since the preamble-to-PRU mapping ratio is calculated just based on the total number of preambles within valid PRACH occasions, the mapping and the ratio are inconsistent and PUSCH occasions during the latter half of association pattern period cannot be used at all.

	Each consecutive number of  preamble indexes from valid PRACH occasions in a PRACH slot
-	first, in increasing order of preamble indexes within a single PRACH occasion
-	second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
are mapped to a valid PUSCH occasion and the associated DMRS resource
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
-	second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
-	third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
-	fourth, in increasing order of indexes for  PUSCH slots
where ,  is a total number of valid PRACH occasions per association pattern period multiplied by the number of preambles per valid PRACH occasion provided by msgA-PUSCH-PreambleGroup, and  is a total number of valid PUSCH occasions per PUSCH configuration per association pattern period multiplied by the number of DMRS resource indexes per valid PUSCH occasion provided by msgA-DMRS-Config. 



[image: ]
Figure 1: Example of the preamble-to-PRU mapping

In order to resolve the above issue, we propose, in case that PRACH SCS is larger than PUSCH SCS and two PRACH slots within a PUSCH slot are indicated by PRACH configuration index, these two PRACH slots are added into the mapping order.

Proposal 2: Following text proposal is applied to section 8.1A in TS 38.213.
	8.1A	PUSCH for Type-2 random access procedure
~
Each consecutive number of  preamble indexes from valid PRACH occasions in a PRACH slot(s)
-	first, in increasing order of preamble indexes within a single PRACH occasion
-	second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	fourth, in increasing order of indexes for consecutive PRACH slot(s) indicated by ”Number of PRACH slots within a subframe” or “Number of PRACH slots within a 60 kHz slot” in random access configurations in [4, TS 38.211] if preamble SCS is larger than SCS for the active UL BWP
are mapped to a valid PUSCH occasion and the associated DMRS resource
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
-	second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
-	third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
-	fourth, in increasing order of indexes for  PUSCH slots
where ,  is a total number of valid PRACH occasions per association pattern period multiplied by the number of preambles per valid PRACH occasion provided by msgA-PUSCH-PreambleGroup, and  is a total number of valid PUSCH occasions per PUSCH configuration per association pattern period multiplied by the number of DMRS resource indexes per valid PUSCH occasion provided by msgA-DMRS-Config.
~



2.3. PUSCH validation

During the last meeting, it was discussed whether or not the leftover ROs within association period and association pattern period are valid and counted for preamble-to-PRU mapping ratio. If the leftover ROs are valid and counted for preamble-to-PRU mapping ratio, some PRUs are actually not used at all for MsgA PUSCH, which leads losing the efficiency of resource utilization. Some company mentions such PRU can be used for regular PUSCH, but we think that SLIV for MsgA PUSCH is likely to be different from that for regular PUSCH, and it does not make sense. In addition, gNB implementation would be much complex, since these unused PRUs are dotted in the middle of association pattern period, and even in a PUSCH occasion, it is possible that one DMRS port is used but another DMRS port is not used. Also, there seems to be no issue on the order between validation and calculation of the mapping ratio, since UE just calculates the mapping ratio after the validation of leftover ROs. Regardless of whether or not adopting this proposal, the number of valid RACH occasions within each association pattern period should be certainly same among different UEs. Another discussion point is whether this validation rule is applied for both 2-step RACH and 4-step RACH or only for 2-step RACH. It should be reasonable to apply it for both 2-step RACH and 4-step RACH, in order to avoid an inconsistency behavior between 2-step RACH and 4-step RACH.

Proposal 3: 
· The leftover ROs within association period and association pattern period are invalid for both 2-step RACH and 4-step RACH.
· Following text proposal is applied to section 8.1 in TS 38.213.
	8.1	Random access preamble
~
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to [image: ] SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions., and the set of the PRACH occasions are not considered as valid PRACH occasions. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions., and the set of the PRACH occasions are not considered as valid PRACH occasions.
~



2.4. Frequency hopping for MsgA PUSCH
Regarding frequency hopping, intra-slot frequency hopping can be applied to MsgA PUSCH. If intra-slot frequency hopping is applied to MsgA PUSCH, for the mapping between one or multiple preamble(s) and PUSCH occasion, it would be unclear according to current Rel-16 specification whether a preamble is mapped on a set of the first hop and the second hop or on either the first hop or the second hop. Thus, the definition of a PUSCH occasion should be clarified, and a PUSCH occasion consists of the first hop and the second hop based on the concept of existing frequency hopping so that it becomes clear that one or multiple preamble(s) is mapped on a set of the first hop and the second hop in case of intra-slot frequency hopping.
During the discussion at the last meeting, the TP adding “When indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, a PUSCH occasion consists of the first hop and the second hop.” was dropped, since it seems common understanding among companies. However, during the discussion on clarification on the GP between hops after that, some company proposes to specify each hop as a PUSCH occasion. Thus, in order to avoid repeating the discussion, the TP or at least the conclusion on it should be needed.

Proposal 4: RAN1 should take either way of followings:
· Conclude “When indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, a PUSCH occasion consists of the first hop and the second hop”, or
· Following text proposal is applied to section 8.1A in TS 38.213.
	8.1A	PUSCH for Type-2 random access procedure
~
A PUSCH occasion for PUSCH transmission is defined by a frequency resource and a time resource, and is associated with a DMRS resource. The DMRS resources are provided by msgA-DMRS-Configuration. When indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, a PUSCH occasion consists of the first hop and the second hop.
~



3. Conclusion
In this contribution, maintenance for channel structure of MsgA for 2-step RACH was discussed. Based on the discussion, the following proposals were made:

Proposal 1: Following text proposal is applied to section 6.3.3.2 in TS 38.211.
	6.3.3.2	Mapping to physical resources
~
Random access preambles can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104]. The PRACH configuration index in Tables 6.3.3.2-2 to 6.3.3.2-4 is
-	for Table 6.3.3.2-3
-	for type-2 random access procedure if both msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew are not configured or for a type-1 random access procedure, given by the higher-layer parameter prach-ConfigurationIndexNew if configured, otherwise by the higher-layer parameter prach-ConfigurationIndex, or by msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew if configured; and
-	otherwise, given by the higher-layer parameter msgA-prach-ConfigurationIndexNew if configured, otherwise by the higher-layer parameter msgA-prach-ConfigurationIndex; and
-	for Tables 6.3.3.2-2 and 6.3.3.2-4 given by the higher-layer parameter prach-ConfigurationIndex or by msgA-prach-ConfigurationIndex if configured for a type-2 random access procedure and msgA-prach-ConfigurationIndexNew if configured.
~



Proposal 2: Following text proposal is applied to section 8.1A in TS 38.213.
	8.1A	PUSCH for Type-2 random access procedure
~
Each consecutive number of  preamble indexes from valid PRACH occasions in a PRACH slot(s)
-	first, in increasing order of preamble indexes within a single PRACH occasion
-	second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	fourth, in increasing order of indexes for consecutive PRACH slot(s) indicated by ”Number of PRACH slots within a subframe” or “Number of PRACH slots within a 60 kHz slot” in random access configurations in [4, TS 38.211] if preamble SCS is larger than SCS for the active UL BWP
are mapped to a valid PUSCH occasion and the associated DMRS resource
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
-	second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
-	third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
-	fourth, in increasing order of indexes for  PUSCH slots
where ,  is a total number of valid PRACH occasions per association pattern period multiplied by the number of preambles per valid PRACH occasion provided by msgA-PUSCH-PreambleGroup, and  is a total number of valid PUSCH occasions per PUSCH configuration per association pattern period multiplied by the number of DMRS resource indexes per valid PUSCH occasion provided by msgA-DMRS-Config.
~



Proposal 3: 
· The leftover ROs within association period and association pattern period are invalid for both 2-step RACH and 4-step RACH.
· Following text proposal is applied to section 8.1 in TS 38.213.
	8.1	Random access preamble
~
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to [image: ] SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions., and the set of the PRACH occasions are not considered as valid PRACH occasions. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions., and the set of the PRACH occasions are not considered as valid PRACH occasions.
~



Proposal 4: RAN1 should take either way of followings:
· Conclude “When indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, a PUSCH occasion consists of the first hop and the second hop”, or
· Following text proposal is applied to section 8.1A in TS 38.213.
	8.1A	PUSCH for Type-2 random access procedure
~
A PUSCH occasion for PUSCH transmission is defined by a frequency resource and a time resource, and is associated with a DMRS resource. The DMRS resources are provided by msgA-DMRS-Configuration. When indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, a PUSCH occasion consists of the first hop and the second hop.
~
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