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1 Introduction
A new work item on “2-step RACH for NR” was approved in RAN#82 [1] and the objectives of this work item for physical layer are identified as follows: 
1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

In RAN1#96bis meeting [2], 97 meeting [3], 98 meeting [4] and 98bis meeting [5], some agreements are made for channel structure of 2-step RACH which will be discussed detailed in the paper. This contribution discusses the channel structure design for 2step RACH, including the resource configuration for both RACH part and PUSCH part, and the association between RO and PUSCH.
2 Resource configuration for two-step RACH
For two-step RACH, two aspects of resource configuration needs to be considered for MSG.A transmission, one is the RACH resource including the PRACH occasion (denoted as 2step RO) and the preamble; the other is the PUSCH resource including the time-frequency resource and the DMRS resources. In addition, how to associate the selected RACH resource and the available PUSCH resource is also an important issue to tackle. 
1 Agreements:
For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.

2 
RACH resource configuration
Preamble starting position of 2step RACH preambles in case of shared RO

In last meeting, we agree that for shared RO case, gNB could configure the number of preambles per SSB for 2step RACH, however, the starting position of these preambles are not defined. Since we have agreed that such preambles will be from the non-contention based preambles in that RO. So naturally the starting of the 2step RACH preamble for a SSB could be the end of 4-step RACH preambles for that SSB and plus one, e.g., if in a RO which is shared between 2 step RACH and 4step RACH, and the 4-step RACH preambles for SSB 0 is from 0 to 15, and gNB configures the “msgA-CB-PreamblesPerSSB” for 2step RACH is 8, then these 2step RACH preambles will be from 16~23.
Proposal 1: In shard RO case, the starting position of 2step RACH preambles per SSB is determined from the end of the 4-step RACH preambles for that SSB.
Subset sharing between 4step RACH and 2step RACH
In the email approval of last meeting, the following agreement on the PRACH resource for 2step RACH has been agreed. Generally, gNB is able to shared only subset of ROs per SSB to the UE. 
One leftover point is that whether we will purely reuse the values in Table 7.4-1, 38.321 for the subset sharing in 2step RACH. As we can see in the following table, the corresponding table has 16 rows with 5 of them are reserved, and in the rest 11 rows, eight of them (index 1~8) are used to pinpoint to a particular RO with a SSB. These values are very useful for the CFRA case, since the gNB will give a particular SSB index, preamble index and this PRACH mask index, thus as long as two UEs have different PRACH mask indexes (i.e., two different RO), the gNB is able to differentiate them even these two UEs have same preamble index and SSB index. However, this originally designed table for CFRA is not very efficient or necessary for 2step RACH subset sharing. First, for the CBRA of 2step RACH, it doesn’t matter much that which RO is shared for 2step RACH, the total amount of RO to be shared, i.e., how many ROs are shared ,will be more important. Then the eight values pinpointing to a particular RO is redundant and could reduce to be one value left for 2step RACH. In addition, the row 0 is used to indicate all ROs are shared, however, since we already agree that if msgA-ssb-sharedROmaskindex is not configured then all 4-step RACH ROs are shared with 2-step RACH, this row will be useless neither. Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.
Agreements from RAN1#98bis: [Email approval]
In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling(1/ ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is onlyconfigured when there are more than 1one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)


Observation 1: some of the mask index values defined in Table 7.4-1, 38.321 is not useful for 2step RACH subset RO sharing.
For the rest 2 values, the “even” and “odd” indication of RO, it will be quite useful, given the number of ROs shared per SSB could be 1,2,4,8, so “even” or “odd” could allow gNB to configure half (e.g., 1, 2, 4) ROs of 4step RACH to 2step RACH usage. Thus, in summary, 4 values are useful to 2step RACH subset RO sharing: “all”, “RO 1”, “even”, “odd”. So 2bits of msgA-ssb-sharedROmaskindex is enough for the indication. Furthermore, think about the duplicate indication of “all” by using a value in the table or using the absence of the parameter, given the fact that we did not define any parameter to tell whether now gNB is to use separate RO or shared RO case, we could use the absence of the parameter to indicate that currently gNB is using separate, and if such parameter is configured, the gNB is using shared RO.
Table 7.4-1: PRACH Mask Index values
	PRACH Mask Index
	Allowed PRACH occasion(s) of SSB

	0
	All

	1
	PRACH occasion index 1

	2
	PRACH occasion index 2

	3
	PRACH occasion index 3

	4
	PRACH occasion index 4

	5
	PRACH occasion index 5

	6
	PRACH occasion index 6

	7
	PRACH occasion index 7

	8
	PRACH occasion index 8

	9
	Every even PRACH occasion

	10
	Every odd PRACH occasion

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


Proposal 2: msgA-ssb-sharedROmaskindex is a 2-bit indication of 4 values of following table. 
Table 1: msgA-ssb-sharedROmaskindex values
	msgA-ssb-sharedROmaskindex
	shared PRACH occasion(s) for each SSB

	0
	All

	1
	PRACH occasion index 1

	2
	Every even PRACH occasion

	3
	Every odd PRACH occasion


Proposal 3: update previous agreement 
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
to
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH separate RO configuration is used for 2-step RACH.

Overlapping between 2step RO and 4step RO
RAN1 have agreed that in case of separate RO case, 2step RACH could use separate PRACH configuration index. In addition, both the frequency starting position and the number of FDMed RO are able to be separately configured. So gNB has plenty room to differentiate RO for two different RACH type, so it’s gNB’s job to avoid such overlapping.
Proposal 4: UE is not expected to received overlapped 2step RACH RO and 4step RACH RO.
Handling of a preamble cannot map to a (valid) PUSCH resource unit
Currently RAN1 agrees for the same configuration periodicity of msgA PRACH and PUSCH, a single time offset will be used to determine the PUSCH resource with reference to the RACH slot where the RO is located. So it is possible that for a given RACH slot, the carried RO (or eventually the number of preambles) cannot map to all the PUSCH resource unit it determines. Especially if the determined corresponding PUSCH occasion might be invalid based on some validation rules, it is very likely such case will happen. So if a preamble cannot map to a (valid) PUSCH resource unit, there could be 2 options for it:
1. to be not used (i.e., become invalid), or
2. to be used just without transmitting PUSCH in the msgA, or
Option 2 is an easy way to go but with clearly drawbacks, one is that only sending preamble in msgA will degrade the performance somehow even worse than the 4step RACH, i.e., UE only sent the preamble but need to wait until the end of a “non-existed” PUSCH for starting RAR monitoring, which the gap will be larger than that between preamble and its RAR starting time in the 4step RACH. Another drawback is that it will also create imbalance in resource configuration between SSBs, e.g., some SSBs will have more preambles with PUSCH but some other SSBs will have less then.
Observation 2: allow sending preamble without associated valid PUSCH could degrade the performance (i.e., increase the access delay and create resource configuration imbalance between SSBs).
Option 1 is a relatively more sophisticated way but fulfilling the need of 2-step RACH. By excluding the preambles which could not map to a valid PUSCH resource, whichever preamble the UE selects, it can find a valid PUSCH resource to transmit. However, it will require the further invalidation of preambles and in order to keep the same amount of preambles per SSB, it is preferred that, firstly, based on the N1 of SSBs which have the association with these RACH slots (who contains the N2 preambles cannot map to a valid PUSCH resource) and UE can derive the per SSB need to reduce a N2/N1 number of preambles per SSB, and for the rest SSBs these don't have association with these RACH slots, they will automatically reduce a N2/N1 number of preambles per SSB. In this case, each UE will still have the same amount resources for each SSB at any time, but the drawbacks is, it will require further reduction of preambles for every SSB and may complicate the UE behaviour. 
Observation 3: The further invalidity of the preambles that cannot map to a valid PUSCH resource can fulfil the need of 2step RACH with a certain level of complexity.   
Proposal 5: the preambles in a number of consecutive RACH slot(s) these cannot map to a valid PUSCH resource shall be invalid and the each SSBs shall reduce the same amount of preambles, where the amount is derived based on the total number of preambles to be invalid dividing the number of SSBs these have associated ROs in these RACH slot(s).
Handling of “last RACH slot”
In the last meeting discussion, one particular issue is raised which is how to handle the last RACH slot in a RACH configuration period. Since it is usually close to the start of DL part in the next UL/DL period, then configured PUSCH resource corresponding to the RACH slot will be either easily gets invalid or located too far away from the RACH. The front case will lead to no valid PUSCH resources to the preambles in these RACH slot(s), and the later one will have to suffer from long access delay which is against the intention of 2step RACH. Thus, the easy handling of the such last RACH slot, we propose to not use it for 2step RACH.
Proposal 6: A RO in a RACH slot which is located at the end of a DL-UL configuration period in time domain will be invalid.
PUSCH resource configuration
PUSCH numerology
For determining the numerology of the PUSCH in 2step RACH msgA, several FFS points are left as listed below. 
The PRACH and PUSCH for msgA transmission in different slots were agreed to support in last meeting. However, since the preamble SCS might be different from the msgA PUSCH (which equals the UL BWP SCS), so the slot definition should be clarified. As followed by the rules used in many places in Rel-15, such slot could be defined by the min{preamble SCS, UL BWP SCS} to give enough budget for implementation.Agreements from RAN1#96bis:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported

Proposal 7: Further clarify the previous agreements “Support the PRACH and PUSCH for msgA transmission in different slots” by adding “where the slot is defined by the min{preamble SCS, UL BWP SCS}.”
One leftover issue is that whether to support the PRACH and PUSCH in the same slot. In Rel-15, the transmission of PRACH and other UL signals in the same slot or within a defined gap are not supported; UE will determine which one to transmit. In addition, for 2step RACH, gNB usually needs to detect the preamble(s) thus decides to decode which PUSCH occasion, if the PRACH and PUSCH are too close to each other, gNB may need buffer all the data due to the insufficient time to process. This will not only require more costs on the hardware or operation overhead, but also potentially degrade the accuracy of the reception of the PUSCH, e.g., gNB cannot know which Rx beam is good enough to receive the PUSCH since the preamble detection has not yet been successfully completed. Thus, the PRACH and PUSCH for msgA transmission in the same slot are not supported, where the slot is also defined by the min{preamble SCS, UL BWP SCS}.
Proposal 8: PRACH and PUSCH for msgA transmission in the same slot are not supported, where the slot is defined by the min{preamble SCS, UL BWP SCS}.

PUSCH resource unit definition
In last meeting, we agree to specify the conditions under which only DM-RS ports are used. During the discussion, the proponent of multiple DMRS sequence has shown that in some particular case, the multiple DMRS sequences are useful, to reduce the potential collision for PRUs. But in another way, the amount of PRUs and also the number of preambles for 2stepRACH is also up to gNB configuration. According the simulation results and also analysis results, the DMRS port could outperform DMRS port+sequence if the number of total DMRS resource (nr of DMRS port*nr of DMRS sequence id) is not large the maximum DMRS port number. So we think if the DMRS resource needed in one PUSCH occasion is less than 12, then the only DMRS port is used for PRU definition. Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping


Proposal 9: if the DMRS resource configured in one PUSCH occasion is less than 12, then only DMRS port is used.
Validation of PUSCH occasions
Agreements from RAN1#98bis :
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
Agreements from RAN1#98bis:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16

One issue left from the last meeting agreement on the validation of PUSCH occasion is that “FFS it does not span across the slot boundary”. At that time, it is still not quite clear whether RAN1 will support the inter-slot frequency hopping or repetition or not. However, since these two features are not supported in rel-16, then there is such case that a PUSCH will span across the slot boundary, so that such bullet is to be removed. 
Proposal 10: Remove the “FFS it does not span across the slot boundary, and”


Multiple msgA PUSCH configurations
Agreements from RAN1#97:
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
Agreements from RAN1#98 Email discussion:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
· Alt.1: Using different preamble groups
· Alt 2: Using different preamble groups and/or RO partitioning
· Alt.3: Using UCI based indication
· Alt.4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
· FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration

Agreements from RAN1#98bis:
· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16
Agreements from RAN1#98bis:
· For a UE in RRC_CONNECTED state,
· Support up to two msgA PUSCH configurations in an UL BWP 
· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.
· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.


Last meeting, it is agreed that the at most 2 msgA PUSCH configurations for a BWP is supported. Since the Rel-16 2step RACH targets for non-UP data transmission at least for idle/inactive state, so that too much flexibility of the “multiple” is not necessary. In a way, we believe that it is necessary to allow the some detailed configurations in each PUSCH configuration to be different, like the frequency start position etc. However, we don't flexibility on the MCS is not needed for the different PUSCH configuration in different BWPs. Since the trigger events for 2step RACH is basically same as these for 4step RACH, so no matter it is a UE in initial BWP to do 2step RACH or a UE in an active but non-initial BWP to do 2step RACH, there should be no special treatment for them, thus only 2 MCS configured at a time for a cell is enough.
Proposal 11:   At most 2 MCS can be configured in a cell.
Following the rules in the LTE and Rel-15, which have preamble grouping for different msg3 size and pathloss condition, i.e., group A and group B, we can use group A and group B to map to different MCS configuration. By doing so, it could provide a certain level of flexibility to gNB to configure the PUSCH resource size to accommodate different data size level, while not increase the blind detection burden too much. Furthermore, since the group B sometimes might not be configured, so the group A is a kind of default preamble group which could be used to be associated to the PUSCH configuration with lower MCS. So the situation is that the group A will be the only group if there is only one PUSCH configuration and group A will be associated to the PUSCH configuration with lower MCS if there were two PUSCH configurations. 
Proposal 12: Group A will be associated to the PUSCH configuration with lower MCS if there were two PUSCH configurations.
Association between preamble and PRU
Mapping ratio 
According to the email approval, there are two candidates for deriving the mapping ratio, the basic difference is using the (PRACH and PUSCH) resource in association pattern period or association period. The reason that the association period is not preferred is that it will create imbalance of resource for each SSB from time to time, more specifically, from one association period to another association period. Before go the analysis, we want to clarify the why this fairness principle or the balance on the RACH configuration for each SSB is so important for initial access, we design the system based on it during Rel-15 and also should use it now for Rel-16 2step RACH. Agreements [Email approval]
· Preamble to PRU mapping ratio is down-selected from:
· Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
· Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
· FFS how to handle the fractional part of mapping ratio, if any
· FFS how to make sure a valid PRU occurs after its corresponding preamble

The purpose of such fairness is to allow a UE, whenever it starts to do contention based random access and whichever SSB it selects for the RACH resource, the total amount resource for it to choose, from the configuration point of view, should be the same. 
Because the time duration of the association period is changing and also the available amount of valid resource for different association periods are different even they have the same time duration some times. So it is highly possible that different mapping ratio values will be derived for different association periods within a SSB-RO association pattern period, let’s use 4:1 and 2:1 as an example, meaning in one association period the mapping ratio is 4:1 and another association period 2:1, within each of the association period, each SSB has same number preambles and the same mapping ratio. So if any UEs happen to select the RACH in the same time and for this RACH attempt, they seem fair to each other. However, when compare the UEs starting RACH in different association periods; they will experience different collision level and may end up different performance. Note that this performance is not because the some accidental factors but the configuration design drawback in the system, and it will stay there forever. 
Observation 4: Mapping ratio derived based on the resource from the association period (alt.2) could create configuration imbalance between different SSB-RO association periods thus unfairness between UE if they do RACH in different time.   
However, mapping ratio derived based on the resource from the association pattern period (alt.1) will have no such issue, and since the valid resource patterns for different association pattern periods are identical. So the mapping ratio will be same through all the time.
Proposal 13: Preamble to PRU mapping ratio is implicitly derived by the total numbers of valid preambles and valid PRUs from the SSB-to-RO association pattern period

It is very likely that the calculated value, i.e., the total numbers of valid preambles dividing the total number of valid PRUs (equal to the number of DMRS resource per PO times the total number of POs), could be fractional number. One simple way might be just using integer operation on this calculated value, however, such method may end up with some “weird” number such as 1/3, 1/7 etc, which may not easily align with the mapping ratio of SSB-RO and also the assigned preamble number per SSB. So one way to improve it that we can limit some value set, like {1, 2, 4, 8}, so we will choose the smallest value in the set that larger than the calculated value.
Proposal 14: The mapping ratio is determined as the smallest value in the a value set that larger than the calculated value which is the total numbers of valid preambles dividing the total number of valid PRUs from a SSB-RO association period. FFS the value set.
Mapping operation details
During last meeting discussion, the period A and period B are introduced which the period A is for the time period where the RACH resource is located and period B is the time duration where the PUSCH resource is located, e.g., period B could be determined by shifting the offset to the starting position of period A. However, such definition is not needed, the only thing needs to clarify is that the resources used for the mapping in a mapping period are derived from the mapping period. For example, if the mapping period is the SSB-RO association pattern period, then the resources used for the mapping are the total number of preambles in the valid RO derived from a SSB-RO association pattern period and the total number of valid PUSCH resource derived from the same SSB-RO association pattern period, or more specifically, it is the total number of valid PUSCH resource derived from valid ROs in the same SSB-RO association pattern period based on the configured offset. In turn, if the mapping period is from the start of N1 consecutive RACH slots to the start of next N2 consecutive RACH slots, then the corresponding RACH resource and PUSCH resource (associated to the RACH resource) are derived from this mapping period. We don’t have to strictly limit to the physical time boundary of the mapping period.
Proposal 15: The valid RACH resource and valid PUSCH resource (determined based on the valid RACH resource) used for mapping are derived from this mapping period.
In previous sections, we have handle the issue that a preamble cannot map to a valid PUSCH resource , the last RACH slot in a TDD-UL-DL configuration period, and also the mapping ratio, one more thing we need to deal with is to ensure that the preamble is ahead of the corresponding PUSCH. Usually this case could happen that if there are more valid PUSCH resources then the needed based on the derived mapping ratio and amount of valid RACH resource. One simple solution is that, the leftover PUSCH resource will not be used for the mapping between PRACH and PUSCH. An overall procedure summary could be seen in [6].
Proposal 16: If the determined PUSCH occasions contain more valid PRUs these can finish the mapping of all the preambles in the valid ROs in the corresponding RACH slot(s) according to the derived mapping ratio, the leftover PRUs will not be used for PRACH and PUSCH mapping.

3 Conclusion
The proposals made in this contribution are summarized below:
Observation 1: some of the mask index values defined in Table 7.4-1, 38.321 is not useful for 2step RACH subset RO sharing.
Observation 2: allow sending preamble without associated valid PUSCH could degrade the performance (i.e., increase the access delay and create resource configuration imbalance between SSBs).
Observation 3: The further invalidity of the preambles that cannot map to a valid PUSCH resource can fulfil the need of 2step RACH with a certain level of complexity.   
Observation 4: Mapping ratio derived based on the resource from the association period (alt.2) could create configuration imbalance between different SSB-RO association periods thus unfairness between UE if they do RACH in different time.   
Proposal 1: In shard RO case, the starting position of 2step RACH preambles per SSB is determined from the end of the 4-step RACH preambles for that SSB.
Proposal 2: msgA-ssb-sharedROmaskindex is a 2-bit indication of 4 values of following table. 
Table 1: msgA-ssb-sharedROmaskindex values
	msgA-ssb-sharedROmaskindex
	shared PRACH occasion(s) for each SSB

	0
	All

	1
	PRACH occasion index 1

	2
	Every even PRACH occasion

	3
	Every odd PRACH occasion


Proposal 3: update previous agreement 
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
to
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH separate RO configuration is used for 2-step RACH.
Proposal 4: UE is not expected to received overlapped 2step RACH RO and 4step RACH RO.
Proposal 5: the preambles in a number of consecutive RACH slot(s) these cannot map to a valid PUSCH resource shall be invalid and the each SSBs shall reduce the same amount of preambles, where the amount is derived based on the total number of preambles to be invalid dividing the number of SSBs these have associated ROs in these RACH slot(s).
Proposal 6: A RO in a RACH slot which is located at the end of a DL-UL configuration period in time domain will be invalid.
Proposal 7: Further clarify the previous agreements “Support the PRACH and PUSCH for msgA transmission in different slots” by adding “where the slot is defined by the min{preamble SCS, UL BWP SCS}.”
Proposal 8: PRACH and PUSCH for msgA transmission in the same slot are not supported, where the slot is defined by the min{preamble SCS, UL BWP SCS}.
Proposal 9: if the DMRS resource configured in one PUSCH occasion is less than 12, then only DMRS port is used.
Proposal 10: Remove the “FFS it does not span across the slot boundary, and”
Proposal 11:   At most 2 MCS can be configured in a cell.
Proposal 12: Group A will be associated to the PUSCH configuration with lower MCS if there were two PUSCH configurations.
Proposal 13: Preamble to PRU mapping ratio is implicitly derived by the total numbers of valid preambles and valid PRUs from the SSB-to-RO association pattern period
Proposal 14: The mapping ratio is determined as the smallest value in the a value set that larger than the calculated value which is the total numbers of valid preambles dividing the total number of valid PRUs from a SSB-RO association period. FFS the value set.
Proposal 15: The valid RACH resource and valid PUSCH resource (determined based on the valid RACH resource) used for mapping are derived from this mapping period.
Proposal 16: If the determined PUSCH occasions contain more valid PRUs these can finish the mapping of all the preambles in the valid ROs in the corresponding RACH slot(s) according to the derived mapping ratio, the leftover PRUs will not be used for PRACH and PUSCH mapping.
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