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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] and 98 meeting [4], 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 
2 
RACH resource configuration
Subset sharing between 4step RACH and 2step RACH
In last meeting, the following agreement on the PRACH resource for 2step RACH has been agreed. Generally, PRACH resources for 2-step RACH could have separate ROs or separate preambles within the shared ROs to these for 4-step RACH. 
One FFS point left is the whether to allow subset of 4step RACH ROs can be shared with 2step RACH, instead of all 4step RACH occasions. It might be a little be restrict to always ask gNB to share all the 4step ROs with 2step RACH, e.g., gNB might want to just spend few of the RACH resource for 2step RACH, two ways it can do: one is to reduce the number of preambles in each RO and the other is to reduce the number of ROs for 2step RACH. Given shared RO for 4step RACH and 2step RACH, the using only subset of 4step RACH could allow gNB to reduce the RO for 2step RACH. Since RAN1 has agreed at least for same configuration period for msgA PRACH and msgA 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 using only subset of the RO could also help gNB to pre-configure the PUSCH, i.e., to consider less causes of overlapping between PUSCH occasions. 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.


Observation 1: allowing only a subset of 4-step RACH ROs can be shared with 2-step RACH could be beneficial.
Then regarding how to indicate such subsets, one important rule is to indicate the number of shared RO per SSB based, by doing this, every SSB will have same number of ROs for 2step RACH. And this shared RO is after the validation of the 4step RACH (as well as the association with SSB), e.g., only sharing the valid ROs.
Proposal 1: gNB configures the number for shared ROs per SSB for 2step RACH.
Preamble format for 2step RACH
There is a discussion on whether to use the same preamble format or it could be separately configured. Surely by separately configuration, one can achieve flexibility on the configuration. But we need to think about what is the reason for determining the preamble format in a cell, i.e., the cell size, which reflects the preamble format design, is the link budget and delay budget. RAN1/2 has agreed a SSB-based RSRP threshold for selecting 2step RACH. So it is just showing that the UE could choose to do 2step RACH if its link quality is good enough, i.e., the link budget is not an issue. However, it does not take the consideration of the delay budget into consideration. This is like a UE might be relatively far away from gNB but due to the pathloss between gNB and itself is relatively small, so it may not need the repeated preamble sequences for link budget compensation, but it needs the longer CP for the large RTT coverage. Having said that, using the same preamble format as the 4step RACH is a safe choice for msgA preamble. 
Proposal 2: 2step RACH applies the same preamble format as configured for 4step RACH.     
In addition the preamble format determination, since the preamble format indication is carried by the PRACH configuration index which points to an entry in a 256-table, if the same preamble format of 2step RACH follows the that of 4step RACH, then actually the 8bit of PRACH configuration index is not needed for the 2step RACH, since for a given preamble format, the max number of entries configured is less than 32, which means 5 bit is enough, and the such PRACH configuration index then will indicate the entry for a given preamble format.
Proposal 3: PRACH configuration index for 2step RACH is 5bits and used to indicate the entry in the PRACH configuration table for a given preamble format. 
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 at least 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 got 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, it will be not used (i.e., become invalid), or still can be used just without PUSCH in the msgA.
Proposal 5: So if a preamble cannot map to a (valid) PUSCH resource unit, it will be not used (i.e., become invalid), or still can be used just without PUSCH in the msgA. 
PUSCH resource configuration
PUSCH waveform and numerology
For determining the waveform and numerology of the PUSCH in 2step RACH msgA, several FFS points are left as listed below. Agreements from RAN1# 96:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2: same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)

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

One is “how to indicate/configure the waveform”, since initial access is at least happened in initial active UL BWP, the waveform indication could follow the msg.3 waveform indication (which is the same as the waveform for initial active UL BWP). 
Proposal 6: waveform indication for msgA PUSCH should follow msg.3 waveform indication. 
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.
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.
Guard band and guard period
As commonly understood, a preamble (in a given 2step RO) should be associated with at least one PUSCH resource unit (including a PUSCH T/F resource unit and a DMRS port). The same PUSCH T/F resource unit with different DMRS ports is considered as different PUSCH resource units. Thus by selecting a preamble, UE could find the available PUSCH resources. For example, a PUSCH resource unit for 2step RACH could be introduced as shown in following figure, which could include two potential parts: guard period and guard band. The guard period is used for handling the potential inter-symbol interference (ISI) since the normal CP of the OFDM symbols may not cover the RTT if it’s a relatively large cell, thus a guard period similar to preamble format might be needed. The guard band is introduced due to the similar reason to handle the potential inter-subcarrier interference (ICI) between UEs. Since the 2step RACH needs to support the UEs in RRC idle or inactive mode, the configuration of PUSCH will be broadcasted in the system information, so that it leaves limited room for very flexible configuration of PUSCH.Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB
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Fig. 1 an example of PUSCH resource unit for 2step RACH
Proposal 10:  a PUSCH resource unit should support including a guard band, which can be configured by gNB on a need basis.




PUSCH configuration options
As discussed in the RAN1#96, two options are considered for configuring the PUSCH resource in 2-step RACH. One is separately configuring from PRACH resource. By the indicated two alternatives for this option, the outcome of the PUSCH configuration is that such PUSCH resource will have its own T/F configuration information for indicating the time/frequency position and periodicity. In addition, the time/frequency position and periodicity are independent from the RACH configuration, e.g., its periodicity is not related to RACH configuration periodicity. In sum, by this configuration information, a UE could have idea of what the PUSCH resource pattern for 2-step RACH looks like. This is similar to the RACH resource configuration, by which UE will have the image of what the RO patterns for 2step RACH looks like. Then this option will request to additionally define the mapping between PUSCH resource and RACH resources. The other option is trying to link the PUSCH resource to the 2step RO, which could do the PUSCH resource configuration/determination and association between PUSCH and RACH resource at the same time. Agreeents from RAN1#96bis:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP, reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS
Agreements from RAN1#97:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
Agreements from RAN1#97:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB


Observation 2: both options can work for 2step RACH.
Validation of PUSCH occasions
Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs7
· FFS whether and how to support different configuration periodicities

RAN1 has agreed that at least for same configuration periodicity for msgA PRACH and PUSCH, using single time offset with respect to the start of each PRACH slot to determine the configured PUSCH slots (each can contain several PUSCH occasions), then it is natural that the determined PUSCH resource might not be always valid to be used, some of the validation condition could be considered:
· same as the RACH occasion validation, the PO is valid if it is inside the UL part, of not preceding the last symbol of “DL part or last SSB in the PUSCH slot” plus the N pre-defined gap;
In addition, we can also consider that 
· If the PUSCH occasion is collided with valid RO (no matter it is 2step RO or 4step RO), it is invalid;
· If the PUSCH occasion is collided with other PUSCH occasion, only one of them will be valid.
The second point could happen when there are consecutive RACH slots and the number of PUSCH slot determined from the RACH slot is large than one, so that the PUSCH occasion (actually the full PUSCH slot) will be overlapped. Given the case the same DMRS resource will be configured for all the PUSCH occasions, so it is very difficult for gNB to distinguish this overlapped PUSCH occasions if it is even possible. Furthermore, since this overlapped PUSCH occasions are determined by two different RACH slots, so if the overlapped PO is counted as only one PO, the left question is which RACH slot it will belong to. So if we think the determined PUSCH occasions are the eventually mapped PUSCH occasions, we propose to the overlapped PO belongs to the RACH slot in the front.
Proposal 11: If the PUSCH occasion is collided with other PUSCH occasion, only one of them will be valid, and it’s belong to the RACH slot in the front.

Association between SSB and PUSCH
For option 1, since the PUSCH is independently configured from RACH resource, it might be the cases that the periodicity of the PUSCH doesn’t equal that of PRACH, so for example it could be in 40ms, there are 4 PRACH configuration periodicities but only one PUSCH configuration periodicity or vice versa. Thus, it might be very difficult for associate the PRACH to PUSCH due to such flexibility. However, the RACH resources are already associated with SSB, thus if the association between SSB and PUSCH is also created, the association between RACH resource and PUSCH resource could be defined for both resources associated to the same SSB index, which will be discussed more detailed in the next section. To create such association between SSB and PUSCH, the similar association rule as that for SSB and RACH could be reused. For example, the PUSCH T/F resource unit and the DMRS ports on it could be regarded as RACH occasion and the preambles on it. Thus, by defining “SSBperPUSCH” as similar to “ssb-perRACH-Occasion” and also “DMRS-PortsPerSSB” as similar to “CB-PreamblesPerSSB”, we can determine the mapping pattern between SSB and PUSCH.Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH

Proposal 12: Association between SSB and PUSCH, if supported, could use similar association rule between SSB and RACH.
Agreements from RAN1#97:
· The following parameters are defined per msgA PUSCH configuration:
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs

Multiple msgA PUSCH configurationsAgreements 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


Last meeting, it is agreed that the multiple msgA PUSCH configuration for a UE 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. 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 TBS/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. 
Proposal 13: preamble grouping based solution similar to Rel-15 NR, i.e., group A and group B, can be used to map to indicate different msgA PUSCH configurations, e.g., different TBS/MCS configuration.
Regarding the number of PUSCH configuration, we think two is sufficient for both RRC idle/inactive and RRC connected, and the MsgA PUSCH configurations are the same among different RRC states. The reasons are following:
1. The trigger event for 2step RACH is exactly same for 4step RACH, and none of them is targeting for transmitting data, which is either for out of sych and retrieve the TA or scheduling request (for RRC connected mode). So that even the WID states that in the RRC connection mode the UP data is allowed, this is due to RAN2 spec has defined the order of which information could be put in the msg.3, so if the TBS of PUSCH occasion is big enough, the RRC connected UE could put UP data in it. But it’s not the target to optimize the PUSCH data transmission during 2step RACH.
2. the original msg.3 will some RRC connection request or re-establishment etc messages, and the size is 56, 72bits, so for the 2 allowed PUSCH configuration, gNB could be configure one to be conservative (targeting for at least fully transmit msg.3-like message out), and the other PUSCH configuration to be more flexible (if the gNB is willing the blind decoding or having enough PUSCH resource).
Proposal 14: two msgA PUSCH configurations for Rel.16 is enough for all RRC states. 
Association between preamble and PRU
One important issue to solve is the mapping between RACH resource and PUSCH resource. From the selected 2step RO, UE should be able to find the corresponding position of the PUSCH transmission. First, there should be a gap between 2step RO and the corresponding PUSCH for two reasons. One is that it usually takes some time for gNB to detect the possible transmitted preamble in the 2step RO, and it’s beneficial for gNB to know this information (which preambles are detected) so that it could know in which corresponding PUSCH there might be a real transmission. Thus gNB doesn’t need to try all the PUSCH detection and decoding. The other reason is that in case of multi-beam operation, there is a case that gNB is performing Rx beam sweeping during preamble detection, once it detects one preamble with one suitable beam, it could use the same Rx beam for the PUSCH reception. 
Observation 3: it’s beneficial for gNB to detect the preamble first before reception of the PUSCH.
One-to-multiple mapping is left for FFS based on last meeting’s working assumption, which supports the one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit. There could be two understanding for one-to multiple mapping: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


1. One preamble in a RO maps to multiple PUSCH occasions; 
2. One preamble in a RO maps to one PUSCH occasion but multiple DMRS ports.
Considering usually the bottleneck for the 2-step RACH is the PUSCH resources, both understandings of the one-to-multiple mapping will require more PUSCH resource (either T/F resource or DMRS port) than the corresponding preambles, which we think is not necessary.
Proposal 15: one-to-multiple mapping between preambles in each RO and associated PUSCH resource unit are not supported.
Discussion on option 1
As aforementioned, for option 1, if the association between SSB and PUSCH are created, a UE could have the mapping pattern between SSB and RACH and mapping pattern between SSB and PUSCH, e.g., the mapping circle definition between SSB and RO could also apply to SSB and PUSCH. Because the number of RACH resources (ROs and preambles) associated to one SSB in one SSB-RO mapping circle and the number of PUSCH resource units (PUSCH T/F resource units and DMRS ports) associated to one SSB in one SSB-PUSCH mapping circle are the same across all SSBs for a given configuration, respectively. Thus, it will be very convenient to define the association between RACH resource and PUSCH resource these are associated to the same SSB index.
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Fig. 2 an example of defining association between RACH and PUSCH associated to the same SSB index
Observation 4: it is beneficial to define the association between RACH resource and PUSCH resource these are associated to the same SSB index.
Proposal 16: the association rule should be defined between RACH resource and PUSCH resource associated to the same SSB index.
By doing so, the flexibility of configuring the RACH resource and PUSCH resource are still keeping for gNB, while UE only needs to care about the SSB index it selected, and then the available RACH resource and PUSCH resource in every mapping circle could be determined. Then by determining the preamble-per-PUSCH-resource-unit, a UE could easily find the PUSCH resource corresponding to the preamble/RO it selected. For example, in Fig. 3, N_preamble(perSSB)=32, N_pusch(perSSB)=8 and the DMRS_id {0~11} (i.e., 12 DMRS ports are available for one PUSCH T/F resource unit), if one preamble maps to one PUSCH resource unit, then totally 64 preambles (in 2 ROs) will map to the 64 PUSCH resource units. In this example, there will be 8*12=96 PUSCH resource units available. Thus 32 PUSCH resource units will be left over without any preamble mapping to it. This is similar handling for these left over ROs cannot map to the SSBs in Rel-15 NR. Then by selecting one preamble in one RO (i.e., one P_id), UE could determine the corresponding PUSCH T/F resource unit (i.e., TF_id) and DMRS port (i.e., DMRS_id).
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Fig. 3 an example of association rule between RACH and PUSCH associated to the same SSB index
Discussion on option 2
The original intention for option 2 is to do the PUSCH resource determination and association at the same time. However, due to the validation operation, the pattern of valid PUSCH could be variable from time to time. Thus, if we still follow the same logic, it will easily end up with the preamble in some RO will have mapped valid PRU while preambles in some other RO will have none. Either as discussed in the “Handling of a preamble cannot map to a (valid) PUSCH resource unit” in section 2.1, we define those preamble as invalid preamble thus will not be used for 2step RACH, or we can think of another way out for this relative offset based method. The configured time domain offset is then used for only the PUSCH resource determination, rather than the association, i.e., we will decouple the PUSCH resource determination and association between preamble and PRU. It means that the time domain offset is used to determine the PUSCH occasions instead of association.
Proposal 17: the time domain offset is used to determine the PUSCH occasions instead of association.
By doing this, the UE could determine the corresponding (but not associated) PUSCH resource according to the agreed single time domain offset, and after the validation operation applied to the PUSCH, the left valid PUSCH occasions (i.e., the valid PRUs) will be associated with preamble in the valid RO. That is, the procedure is like:
1. First, UE determine the valid RO,
2. Based on the valid RO and the configured time domain offset, UE determines the PUSCH occasions,
3. According to the validation rule, UE determines the valid PUSCH occasions (thus also the valid PRUs).
4. UE associated the preambles in the valid RO (which in total is the valid RACH resources) with the valid PRUs. 
Two minor issues need to be handled in the 4th step, are these the time range for the association is, and how to do the association. For the time range, since this resource is determined based on the PRACH configuration period, and the PRACH resource will be associated with SSB first. Thus to guarantee that each SSB has same 2step RACH resource associated with valid PRUs, the time range could be the association pattern period. And the for the how to do the association, the gnb could configure the number of preamble per PRU so that UE could map the preambles to the PRU accordingly. 
Proposal 18: the association between preamble and PRU is performed after the validation of PUSCH occasion and within a SSB-RO association pattern period.
Scrambling ID for PUSCH transmission Agreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.

For PUSCH transmission, it needs a scrambling ID in the bit level processing, and such ID is usually the C-RNTI or TC-RNTI in Rel-15 NR. For the idle or inactive UE, it may not have a valid C-RNTI. So which RNTI should be used as the scrambling ID is an issue to be solved. One possible solution could be using a modified version of RA-RNTI incorporate with preamble index or DMRS port index (only useful in case 1-N mapping between preamble and PUSCH). In this case, both gNB and UE could have clearly understanding on the Tx and Rx processing, different UEs selecting different ROs/preambles will not collide on this scrambling ID.
Proposal 19: the scrambling ID for PUSCH transmission in 2step RACH Msg A could be derived based on legacy RA-RNTI and preamble index.
3 Conclusion
The proposals made in this contribution are summarized below:
Observation 1: allowing only a subset of 4-step RACH ROs can be shared with 2-step RACH could be beneficial.
Observation 2: both options can work for 2step RACH.
Observation 3: it’s beneficial for gNB to detect the preamble first before reception of the PUSCH.
Observation 4: it is beneficial to define the association between RACH resource and PUSCH resource these are associated to the same SSB index.

Proposal 1: gNB configures the number for shared ROs per SSB for 2step RACH.
Proposal 2: 2step RACH applies the same preamble format as configured for 4step RACH.     
Proposal 3: PRACH configuration index for 2step RACH is 5bits and used to indicate the entry in the PRACH configuration table for a given preamble format. 
Proposal 4: UE is not expected to received overlapped 2step RACH RO and 4step RACH RO.
Proposal 5: So if a preamble cannot map to a (valid) PUSCH resource unit, it will be not used (i.e., become invalid), or still can be used just without PUSCH in the msgA. 
Proposal 6: waveform indication for msgA PUSCH should follow msg.3 waveform indication. 
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:  a PUSCH resource unit should support including a guard band, which can be configured by gNB on a need basis.
Proposal 11: If the PUSCH occasion is collided with other PUSCH occasion, only one of them will be valid, and it’s belong to the RACH slot in the front.
Proposal 12: Association between SSB and PUSCH, if supported, could use similar association rule between SSB and RACH.
Proposal 13: preamble grouping based solution similar to Rel-15 NR, i.e., group A and group B, can be used to map to indicate different msgA PUSCH configurations, e.g., different TBS/MCS configuration.
Proposal 14: two msgA PUSCH configurations for Rel.16 is enough for all RRC states. 
Proposal 15: one-to-multiple mapping between preambles in each RO and associated PUSCH resource unit are not supported.
Proposal 16: the association rule should be defined between RACH resource and PUSCH resource associated to the same SSB index.
Proposal 17: the time domain offset is used to determine the PUSCH occasions instead of association.
Proposal 18: the association between preamble and PRU is performed after the validation of PUSCH occasion and within a SSB-RO association pattern period.
Proposal 19: the scrambling ID for PUSCH transmission in 2step RACH Msg A could be derived based on legacy RA-RNTI and preamble index.
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