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1. INTRODUCTION
At the last RAN1 meeting [1], the following agreements on 2-step RACH were made. In this contribution, we provide our views on the msgA preamble and PUSCH structure. 
	· 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
· 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
· 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
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH
· 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.
· MsgA shall support all the preamble formats specified for NR release 15.
[bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.
Conclusion:
In the reply LS to the RAN2 on power ramping, 
· Include the agreements right above, and
· Mention that RAN1 discussed the suspension of power ramping counter when retransmitting MsgA, and if MsgA preamble is associated with a different SSB than the latest MsgA preamble transmission. The suspension of the power ramping counter for this scenario in case of 4-step RACH is described in the RAN2 specifications. It is up to RAN2 to agree on a similar behavior for 2-step RACH.
The proposals in 5.2.6 of R1-1907900 are agreed
[Copied as below, also captured in the approved LS to RAN2 R1-1907948]
[bookmark: _Hlk8917225][bookmark: _Hlk8932679]During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
· FFS: cell-specific MsgA PUSCH alpha.
· For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 
RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.



[bookmark: _Hlk521410680]
2. PUSCH MAPPING TYPE
At the RAN1 96b meeting, PUSCH mapping in msgA was discussed and the following working assumption was reached [2]:
	Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis




There was no further agreement since the previous working assumption, and it is still FFS which mapping types are applicable for either option. In the last meeting [1], several categories of parameters for different mapping options for msgA were discussed and agreed. However, the agreements include many FFSs that require next level of details. We review some of these FFS points in the following section. 
PUSCH mapping in relative location
For relative locations, RACH occasions are configured so that the time/frequency allocation of preambles is set and PUSCH occasions are linked to the preambles. The UE determines the location of the PUSCH occasions by applying a configured time/frequency offset with respect to the RACH occasion timing. The offsets could be semi-statically set as part of the RACH configuration, or they could be dynamically reconfigured. Figure 1 shows a msgA transmission using one PUSCH resource linked to one preamble occasion. As demonstrated in the Figure 1, the mapping of PUSCH resource can have the same or different time and frequency offset values with respect to the preamble location. The parameter Δf represents the configurable time and frequency offset value of PUSCH resource with respect to the preamble location. 

In the one-to-one mapping case, each preamble requires one offset in time and frequency to link it with a PUSCH resource. Orthogonal assignment between preamble and PUSCH resources is useful in cases where collisions need to be reduced as much as possible. However, they require many PUSCH resources to accommodate all the mappings. This could be an issue when bandwidth resources are limited. Alternatively, offsets can be configured to link multiple preambles to one PUSCH resources if multiple transmissions are allowed to overlap. The transmissions from multiple users can be recovered even if they transmit on the same shared PUSCH resources. This is related to the design of the initialization of the scrambling sequence generator. Our companion contribution [3] provides more details on how this can be achieved. One-to-one and multiple-to-one mapping schemes can thus be supported depending on desired use case. 

Proposal 1: Confirm working assumption to support one-to-one and multiple-to-one mapping.



[bookmark: _Ref16603062]Figure 1 Relative mapping

[bookmark: proposal1]The last remaining mapping option is one-to-multiple where one preamble links to multiple PUSCH resources. The amount of PUSCH resources can be adjusted as required by expected transmission reliability, delay tolerance, or other system requirements. In 4-step RACH, there already exists a functionality to select preambles depending on the payload size. This mapping allows more flexibility to the gNB linkage configurations by aggregating PUSCH resources that could be non-contiguous and of different sizes. Additional offsets can be used to link more than one resource to the same preamble. For example,  Figure 2 shows an example where one preamble is mapped to multiple PUSCH resources in different parts of the bandwidth. Parameters Δt2 and Δf2 represent configurable time and frequency offset value of PUSCH Resource 2 with respect to the preamble location, respectively. Resource 2 and Resource 3 could be repetitions of Resource 1 to increase reliability. The repetitions could use the same or different redundancy version and combining done at the receiver increases the detector’s performance. In another case, one preamble could be associated with multiple PUSCH resources in different time slots. This arrangement allows switching to a different beam on different slots which effectively provides beam diversity to the transmission. Moreover, agreements reached so far for 2-step RACH payload sizes are to support same size as 4-step RACH and larger payload sizes are FFS. Supporting larger payload sizes could be done as well by this manner. Depending on the desired amount of resources, a UE could select a preamble which is linked with a suitable amount of PUSCH resources. In our view, one-to-multiple mapping should be supported. 



[bookmark: _Ref16507741]Figure 2 One-to-multiple mapping

Proposal 2: Support one-to-multiple mapping.  


PUSCH resource bandwidth
There is a discussion on whether the PUSCH resource bandwidth should be restricted to be equal to the RACH occasion. Restricting PUSCH resources to the PRACH bandwidth reduces the flexibility of resource linkage to preamble. The bandwidth location and size of PUSCH resources should be flexible as in Figure 1 where each resource is indexed by the preamble and corresponding time/frequency offset. Restricting bandwidth also increases the transmission delay if additional PUSCH resources are needed (for example, payload repetitions to increase reliability). With limited bandwidth, the additional resources can only be accommodated by additional slots in the time domain. Since 2-step RACH is intended for low latency applications, this is a major drawback that should be avoided. Additionally, the complexity of searching for PUSCH resources can be reduced through the configured linkage with the preamble which determines the number and location of the payload. After preamble detection, the gNB implicitly knows the number and location of linked PUSCH resources through the detected preamble index. Therefore, in our view it is not required for the PUSCH resources to occupy the same bandwidth as the PRACH.

Proposal 3: The frequency resources are not limited to the PRACH bandwidth. 

3. CONCLUSION
In this contribution, we discussed the PUSCH mapping structure in msgA. Based on the provided discussion, we make the following proposals:

Proposal 1: Confirm working assumption to support one-to-one and multiple-to-one mapping.
Proposal 2: Support one-to-multiple mapping.  
Proposal 3: The frequency resources are not limited to the PRACH bandwidth. 
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