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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #97 and RAN1 #98 meetings, following agreements were made regarding channel structure of msgA [1][2]. In this contribution, we will discuss the channel structure for 2-step RACH, including mapping between PRACH and PUSCH, configuration for msgA, validation rule for msgA PUSCH, scrambling for msgA PUSCH and DMRS sequence generation for msgA PUSCH. 
	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.

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

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 POs
· FFS whether and how to support different configuration periodicities

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



2. [bookmark: OLE_LINK6]Discussion on channel structure of msgA
2.1. [bookmark: OLE_LINK21]Mapping between PRACH and PUSCH
2.1.1. PUSCH resource unit 
· Definition of PUSCH resource unit
In RAN1 #98 meeting, following agreements were made for the definition of PUSCH resource unit
· 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
[bookmark: OLE_LINK27]PUSCH resource unit for 2-step RACH is defined as a PUSCH occasion and both of DMRS port and DMRS sequence used for an msgA payload transmission. The configuration of PUSCH resource unit should take into account the UE identification and possible collision. Considering the same time/frequency resource, non-orthogonal DMRS sequence for a DMRS port can reduce the collision probability. Depending on the load of cell and the amount of resources, either orthogonal DMRS or non-orthogonal DMRS for PUSCH resource unit can be configurable. 
In section 3, performance of msgA PUSCH with multiple DMRS sequences are provided. We can observe that a configurable number of DMRS sequences for msgA PUSCH can be beneficial. More details can be found in section 3. 
[bookmark: _Ref21015740]Proposal 1:  Support a configurable number of DMRS sequences for msgA PUSCH.
· The candidate number for DMRS sequences is 1, 2, 4, 8

· Ordering of PUSCH resource unit 


[bookmark: _Ref16798728]Figure 1: Example of ordering of PUSCH occasions and PUSCH resource units
A PUSCH resource unit is indexed according to the DMRS port index and/or DMRS sequence ID index, and PUSCH occasion index. The PUSCH occasions are numbered in frequency-first and time-second order. As shown in the Figure, 8 PUSCH occasions are configured within a configuration period P, where 4 of the 8 PUSCH occasions are allocated in frequency domain and 2 PUSCH occasion in time domain is configured. For each PUSCH occasion, 4 DMRS ports and 2 DMRS sequences for each DMRS port are configured. The ordering of PUSCH resource units are shown in the Figure 1. A PUSCH resource unit is indexed by (PUSCH occasion index, DMRS port index, DMRS sequence index). 
[bookmark: _Ref21015746]Proposal 2: PUSCH resource unit is ordered according to the DMRS sequence index, DMRS port index and PUSCH occasion index.


2.1.2. Configuration periodicity for msgA PUSCH 
In RAN1 #98, same periodicity of configuration for msgA PRACH and PUSCH was agreed. There were discussions on whether and how to support different configuration periodicities for msgA PRACH and PUSCH.
In our view, it is dependent on whether it is beneficial to support different configuration periodicities for msgA PRACH and PUSCH. From network perspective, it is flexible that periodicities of msgA PRACH configuration and msgA PUSCH configurations can be independently configured. Note that the time and frequency resources for msgA PRACH and msgA PUSCH can be very different. Allowing separate configuration of periodicity for msgA PRACH and PUSCH can provide flexibility of resource allocation, especially in TDD case. 
One concern for different periodicity of configuration is that it may complicate the resource allocation and the association between PRACH and PUSCH. The possible solution is that some conditions for restriction between periodicity of msgA PRACH and that of msgA PUSCH configuration can be considered, in case of different periodicities of msgA PRACH and msgA PUSCH. The periodicities for msgA PUSCH configurations can be configured as N times of msgA PRACH configuration periodicity or a division of msgA PRACH configuration periodicity. An example of candidates of msgA PRACH configuration periodicities are given as following table. 
Table 1: Candidates of periodicity for msgA PUSCH configuration
	Candidates for a msgA PUSCH configuration period (ms)

	10

	20

	40

	80

	160



In case of multiple msgA PUSCH configurations, allowing different configuration periodicities for msgA PRACH and msgA PUSCH also provides benefits by potentially balancing the load on different msgA PUSCH configurations.
[bookmark: _Ref21015752]Proposal 3: In addition to same configuration periodicity for msgA PRACH and PUSCH, support different configuration periodicities.
· The periodicities for msgA PUSCH configurations can be configured as an integer times by or a division by msgA PRACH configuration periodicity.

2.1.3. Mapping between SSB and msgA PUSCH 
In 4-step RACH, a PRACH transmission is associated with a certain SSB. The association between SSB and PRACH occasion/preamble is determined based on the configuration given by higher layer.
[bookmark: OLE_LINK28]For 2-step RACH, a PUSCH transmission needs to be associated with a certain SSB. One or multiple PUSCH occasions can be mapped on a number of SSBs, e.g. N SSB is associated with a PUSCH occasions. The association between SSBs and PUSCH occasions is given by higher layer.
[bookmark: _Ref21015777]Proposal 4: Support one or multiple PUSCH occasions are associated with a set of SSB
· Mapping ratio between SSBs and PUSCH occasions is configured by higher layer, e.g. N SSB is associated with a PUSCH occasions.

· Multiple PUSCH occasions are associated with one or multiple SSBs 
When multiple PUSCH occasions are configured in frequency domain, the FDMed PUSCH occasions with the same time domain resource can be associated with one SSB, as shown in the Figure 2. Different SSBs are associated with different PUSCH occasions in time domain.


[bookmark: _Ref16798164]Figure 2: Example of FDMed PUSCH occasions get mapped to the same SSB



[bookmark: _Ref16861460]Figure 3: Example of FDMed PUSCH occasions get mapped to one set of SSBs
On the other hand, when multiple PUSCH occasions are configured in frequency domain, the FDMed PUSCH occasions with the same time domain resource can be associated with a set of SSBs, to facilitate more efficient beam switching during RACH transmission, as shown in the Figure 3.
[bookmark: _Ref21015782]Proposal 5: When multiple FDMed PUSCH occasions are configured, support
· one configuration where all FDMed PUSCH occasions get mapped to the same SSB, where different SSBs are associated with different PUSCH occasions in time domain.
· one configuration where all FDMed PUSCH occasions get mapped to one set of SSBs.

· Multiple PUSCH resource units of a PUSCH occasion are associated with one or multiple SSBs
The association between the PUSCH resource units of a given PUSCH occasion and the SSB(s) corresponding to the PUSCH occasion needs to be specified. When associating the PUSCH resource units with SSBs, two mapping rule can be adopted.
· Alt. 1: PUSCH resource units are successively mapped on SSBs
· Alt. 2: PUSCH resource units are interleavedly mapped on SSBs
For Alt. 1, the PUSCH resource units with contiguous indexes are mapped to a single SSB while each SSB is associated a successive of PUSCH resource units. 
For Alt. 2, the PUSCH resource units with contiguous indexes are mapped to a set of SSBs while each SSB is associated with a set of PUSCH resource units with non-contiguous index. The minimum interval of two PUSCH resource units that are associated with a single SSB is called interlaced interval, L, where the interlaced interval L can be configurable. 
If Alt. 2 is adopted, multiple UEs from different beams can be multiplexed on a PUSCH occasion. It is beneficial with reduction of access latency and increasing capacity of PUSCH. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK15]An example is shown in the Figure 4. 4 SSBs are associated with PUSCH occasion 0 which includes 8 orthogonal DMRS ports. The DMRS ports of PUSCH occasion 0 are associated with the 4 SSBs (SSB #0~#3) in an interlaced manner with L = 4, e.g. DMRS 0 and DMRS 0+L are mapped to SSB #0 while DMRS 1 and DMRS 1+L are mapped to SSB #1. 


[bookmark: _Ref7545114][bookmark: OLE_LINK20][bookmark: OLE_LINK22]Figure 4: Example of mapping between SSB and PUSCH resource units corresponding to a PUSCH occasion
[bookmark: OLE_LINK26][bookmark: _Ref21015788]Proposal 6: When multiple PUSCH resource units are configured in a PUSCH occasion and multiple SSB are associated with the PUSCH occasion, support
· one configuration where all PUSCH resources units within a PUSCH occasion get mapped to one set of SSBs
· one configuration where all PUSCH resource units within a PUSCH occasion get mapped interlaced to one set of SSBs
· The interlaced interval L for PUSCH resource units is configurable.

2.1.4. Association rule for PRACH preamble and PUSCH
The association rule for mapping between preambles and PUSCH resource units needs to be specified. For msgA transmission, mapping between PRACH and SSB can reuse the association rule defined in Rel.15. 
Two alternatives can be considered for association between preamble and PUSCH resource unit.
· Alt. 1: Determine association for PUSCH resource units and preamble based on association between RO and PO.
· Alt. 2: Determine association for PUSCH resource units and preamble based on association between SSB and PO.
As discussed above, it is beneficial that PUSCH occasion and PUSCH resource units can be mapped to SSB. Therefore, PUSCH resource units and preamble can also be associated through SSB. An association rule is defined to determine the association between PUSCH resource units and preambles which are associated with the same SSB. 
Assuming N SSBs are associated with a PUSCH occasions. For a preamble, it is numbered by (s, r, p), where s denotes the associated SSB index, r denotes the corresponding RO index, and p denotes the preamble index. For a PUSCH resource unit, it is numbered by (l, k), where l denotes the PUSCH occasion index and k denotes the DMRS port/sequence index.
The detailed association rules are in two steps.
· Step 1: the SSBs are mapped to PUSCH occasions in increase order of SSB, where each PUSCH occasions is associated with N SSBs.
· Step 2: The preambles of a given SSB are mapped to PUSCH resource units according the following order.
· First, in increase order of PUSCH resource units corresponding to a PUSCH occasion, with interlaced interval for PUSCH resource units = L (L>=1)
· Second, in increasing order of PUSCH occasion indexes for the associated PUSCH occasions
An example is shown in the Figure 5. There are 2 POs in the PUSCH slot #0. A PO is associated with 2 ROs, each of which is mapped with a SSB. Thus, 2 SSBs are associated with a PO. There are 4 preambles in each RO and 8 DMRS in each PO. The interlaced interval for PUSCH resource unit L is assumed as 2. 
In the example, PO #0 is associated with SSB#0 and SSB#1. Since SSB#0 and SSB#1 are associated with RO#0 and RO#1 respectively, preambles of RO#0 and RO#1 are mapped to the DMRSs of PO#0. For preambles of RO#0, preamble (0, 0, 0) is mapped to DMRS (0, 0), preamble (0, 0, 1) is mapped to DMRS (0, 2), preamble (0, 0, 2) is mapped to DMRS (0, 4), and preamble (0, 0, 3) is mapped to DMRS (0, 6). For preambles of RO#0, preambles are also mapped with DMRS of PO#0.



[bookmark: _Ref7548992]Figure 5: Example of mapping between SSB, RO and preambles and PUSCH resource units 

[bookmark: OLE_LINK5][bookmark: OLE_LINK7][bookmark: _Ref21015803]Proposal 7: Define association rule for mapping between PUSCH resource units and preambles.
· Step 1: the SSBs are mapped to PUSCH occasions in increase order of SSB, where each PUSCH occasions is associated with N SSBs.
· Step 2: The preambles of a given SSB are mapped to PUSCH resource units according the following order.
· First, in increase order of PUSCH resource units corresponding to a PUSCH occasion, with interlaced interval for PUSCH resource units = L (L>=1)
· Second, in increasing order of PUSCH occasion indexes for the associated PUSCH occasions

· Benefits for association between SSB and PUSCH occasion/resource unit
Above all, the PUSCH resource units on PUSCH occasions are mapped to SSBs and their corresponding preambles. The association between PUSCH resource units and PRACH preambles is built based on SSB. In this case, PUSCH occasion and its corresponding PUSCH resource units have direct beam association with SSB. It is beneficial for 2-step RACH application not only in case the typical cell deployment, but also in case of small cell where TA acquisition is not needed. E.g. when in small cell, in unlicensed spectrum or during a RACH-less handover, PRACH preamble would not be needed and only payload of msgA will be transmitted. From UE’s perspective, no PRACH transmission in msgA can save power consumption. In such cases, it is necessary to define association between SSB and PUSCH occasion and PUSCH resource units. 
[bookmark: OLE_LINK38]An example is given in Figure 6. 4 SSBs are associated with PUSCH occasion 0 which includes 8 orthogonal DMRS ports. The DMRS ports of PUSCH occasion 0 are associated with the 2 SSBs (SSB #0~#1) in an interlaced manner with L = 2, e.g. DMRS 0 is mapped to SSB #0 while DMRS 1 is mapped to SSB #1, while The DMRS ports of PUSCH occasion 1 are associated with the 2 SSBs (SSB #2~#3). UE determines its best Rx beam among the received SSBs. According to the association between SSB and PUSCH resource units, UE transmits its PUSCH of msgA on a PUSCH occasion using the DMRS corresponding to the SSB with the best Rx beam. E.g. UE1 selects the best beam of SSB #0 and transmits PUSCH of msgA using DMRS 0 on PUSCH occasion 0, where DMRS 0 of PUSCH occasion is associated with SSB #0. While for UE2, the best beam corresponds to SSB #1 such that UE2 transmits PUSCH of msgA using DMRS 1 associated with SSB #1. If multiple UEs with different Rx beams simultaneously are transmitting msgA, they will be multiplexed on a PUSCH occasion with orthogonal DMRSs corresponding to different beams.
Although we focus currently on the typical case for 2-step RACH, forward compatibility for 2-step RACH design should be taken into account. Network can configure whether to associate preamble and PUSCH resource units depending on the use cases. 
[bookmark: _Ref21015818]Proposal 8: Forward compatibility should be taken into account for design of 2-step RACH.

 
[bookmark: _Ref7596086][bookmark: OLE_LINK39]Figure 6: Example of mapping different SSBs to PUSCH resource units on a PUSCH occasion

2.2. Resource allocation for PUSCH of msgA 
2.2.1. Validation rule 
In TDD case, the PUSCH occasions may be conflicting with TDD configuration. Since msgA PUSCH occasion is configured by cell-specific signaling, handling of the confliction between msgA PUSCH occasion and TDD configuration needs to supported. In Rel.15, handling of collision between PRACH occasion and TDD configuration is supported, i.e. a validation rule for PRACH is defined for PRACH occasion based on the TDD configuration.
For msgA PRACH, the validation rule for PRACH defined in Rel.15 can be reused. For msgA PUSCH, the validation rule should be specified. Similar mechanism as PRACH validation rule for msgA PUSCH can be adopted.
If UE is configured with cell-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the cell-specific TDD configuration, as show in the Figure 7.


[bookmark: _Ref16862220]Figure 7: Example of validation of PUSCH occasion in case of cell-specific TDD configuration.

If UE is configured with UE-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the UE-specific TDD configuration and following conditions are satisfied, as shown in the example in Figure 8.
· [bookmark: _GoBack]It does not precede a SSB in the slot containing the PUSCH occasion
· If it starts at least Ngap_PUSCH symbols after a last DL symbol, where Ngap_PUSCH is predefined


[bookmark: _Ref16862211]Figure 8: Example of validation of PUSCH occasion in case of UE-specific TDD configuration.

[bookmark: _Ref21015822]Proposal 9: For msgA PUSCH, similar mechanism as PRACH validation rule for msgA PUSCH can be adopted.
· If UE is configured with cell-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the cell-specific TDD configuration.
· If UE is configured with UE-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the UE-specific TDD configuration and following conditions are satisfied.
· It does not precede a SSB in the slot containing the PUSCH occasion
· If it starts at least Ngap_PUSCH symbols after a last DL symbol, where Ngap_PUSCH is predefined

Another question is how to determine the UE behavior of msgA transmission according to the validation of PRACH occasion and PUSCH occasion. The decision of UE behavior is also dependent on the association design for msgA PRACH and msgA PUSCH.  
Following options can be considered.
· Option 1: UE transmits msgA when PRACH occasion and the corresponding PUSCH occasion are valid
· Option 2: UE transmits msgA PRACH or msgA PUSCH when either PRACH occasion or the corresponding PUSCH occasion is valid.
For option 1, UE transmits msgA using a valid PRACH occasion and a valid corresponding PUSCH occasion. In TDD case, UE may not be able to start 2-step RACH due to PRACH or PUSCH occasion colliding with TDD configuration. If there is only association between the valid PRACH occasion and the valid PUSCH occasion according to the validation rule, it is straightforward to adopt option 1.
For option 2, UE transmits msgA PRACH or msgA PUSCH using the valid occasion respectively when either PRACH occasion or the corresponding PUSCH occasion is valid. Option 2 is more general than option 1, not only for msgA PUSCH with validation rule, but also for other case where there is collision for a msgA PUSCH occasion. Besides, it is beneficial to reduce the latency due to conflicting with TDD configuration. 
[bookmark: _Ref21015828]Proposal 10: UE behavior of msgA transmission according to the validation of PRACH occasion and PUSCH occasion needs to be specified.
· UE transmits msgA PRACH or msgA PUSCH when either PRACH occasion or the corresponding PUSCH occasion is valid.

2.2.2. Numerology of PUSCH
According to WID, the PRACH of msgA and PUSCH of msgA for 2-step RACH are TDMed. Based on this definition, it our understanding that the time domain resources for PRACH and PUSCH are non-overlapped in time, and the PRACH transmission is followed by the PUSCH transmission for msgA. The time domain resources for PRACH and PUSCH can be consecutive or non-consecutive in time. 
In case of unlicensed band, where channel access is allowed until LBT is successful, PRACH transmission followed by a PUSCH transmission for msgA in consecutive time resources are beneficial. In such case, since there is no time gap between PRACH and PUSCH transmissions, UE only needs to perform LBT once for both PRACH and PUSCH transmission. In Rel-15, the PRACH and PUSCH transmitted in the same slot for a UE are not supported. However, it would increase the latency for RACH. Besides, in unlicensed spectrum, it may require additional LBT before transmitting msgA PUSCH after msgA PRACH transmission. Therefore, PRACH and PUSCH transmitted in the same slot needs to be supported for UE supporting 2-step RACH and it can be a UE capability.
According to the preamble formats defined in Rel.15, for some preamble formats, there is a GT (guard time) after the preamble sequence(s) in a PRACH. Typically, there is no signal transmission during the GT considering the coverage requirement. However, if the GT is greater than 16us, there may be an issue when in unlicensed band PRACH and PUSCH are transmitted using consecutive time domain resources, e.g. extra LBT would be needed between PRACH and PUSCH transmission. void introducing extra LBT before transmitting the PUSCH. Further study on how to handle this issue is needed.
In TDD case, there could be no available UL symbols within a UL period for both PRACH and PUSCH transmissions. Therefore, there could be a gap between the PRACH and PUSCH transmissions.
[bookmark: _Ref21015836]Proposal 11: Support PRACH and PUSCH in the same slot for msgA transmission.

In RAN1 #96bis meeting, following conclusions were made for determination of numerology of PUSCH for msgA. 
· [bookmark: OLE_LINK33]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
· [bookmark: OLE_LINK32]Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported
As discussed above, PRACH and PUSCH in the same slot for msgA transmission should be supported. In such case, from UE’s perspective, it is beneficial that PRACH and PUSCH for msgA have the same numerology. It is beneficial from reducing processing time for transmission of msgA including PRACH and PUSCH. Besides, when PRACH and PUSCH for msgA transmission are within the same slot, short preamble sequences will be used for PRACH, where 15/30/60 kHz SCS can be adopted. For PUSCH of msgA, the same numerology can be applied, i.e. the numerology for msgA PUSCH follows that of msgA preamble.
[bookmark: _Ref21015843]Proposal 12:  In case of PRACH and PUSCH for msgA transmission in the same slot, support option 1, i.e. the numerology for msgA PUSCH follows that of msgA preamble.

2.3. [bookmark: OLE_LINK4]MsgA PUSCH transmission
2.3.1. PUSCH scrambling ID
In RAN1 #97, following agreement was made.
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.
The remaining issue is to decide the details of c_init and the RNTI.
For 2-step RACH, UE needs to obtain the following scrambling ID for PUSCH transmission of msgA. 


Given that 2-step RACH is most promising for small cell case, the inter-cell interference may be not significant due to small cell size. In such case, it is less effective to suppress the inter-cell interference by scrambling of PUSCH. On the other hands, multiple UEs may share the PUSCH occasion for msgA transmission. To suppress inter-UE interference, a distinguishable ID based on a prior information is preferred. The possible solutions include scrambling ID of msgA is related to preamble index associated with the PUSCH of msgA, or SSB index associated with the PUSCH of msgA. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK37]For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to cell ID, i.e. as specified in Rel.15.
For nRNTI, it is incorporated with the RA-RNTI scheduling msgB in response to a msgA, preamble index (RAPID), or SSB index with which the msgA transmission is associated.
[bookmark: _Ref21015852]Proposal 13: For the determination of PUSCH scrambling ID for a msgA PUSCH transmission,
· For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to cell ID.
· For nRNTI, it is incorporated with the RA-RNTI scheduling msgB in response to a msgA, preamble index (RAPID), or SSB index with which the msgA transmission is associated. 

2.3.2. DMRS sequence generation 
· DMRS for CP-OFDM
As agreed in RAN1 #98 meeting, multiple DMRS sequences can be configured for msgA PUSCH for CP-OFDM waveform. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]For 2-step RACH, DMRS is transmitted together for channel estimation for PUSCH reception of msgA. When transform precoding is disabled, the DMRS parameters, e.g. DMRS port and DMRS scrambling ID, need to be obtained first before PUSCH transmission. One possible method is that DMRS parameter(s) are configured by SIB/MIB. The drawback is that UEs in the cell will share the same DMRS parameter(s) and there is limited flexibility. For 2-step RACH, UE needs to obtain the following DMRS scrambling ID for PUSCH transmission of msgA. 


Given that multiple 2-step RACH UEs may share the PUSCH occasion for msgA transmission, a distinguishable DMRS scrambling ID based on a prior information is preferred, which is beneficial for suppressing inter-UE interference. Similar solution as scrambling for PUSCH of msgA can be adopted. DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index, SSB index which are associated with the PUSCH transmission of msgA, or the index of PUSCH occasion. 
[bookmark: _Ref21015858]Proposal 14: When transform precoding is disabled, DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index, SSB index which are associated with the PUSCH of msgA, or the index of PUSCH occasion.

· DMRS for DFT-s-OFDM
When transform precoding is enabled, UE needs to obtain the following DMRS parameters, e.g. DMRS sequence group number, for PUSCH transmission of msgA.


The sequence group [image: ],
The possible solutions are that DMRS sequence group parameters for PUSCH of msgA is determined based on preamble index, or SSB index, which are associated with the PUSCH transmission of msgA. 
For [image: ]determination of msgA PUSCH, [image: ] is determined based on preamble index, SSB index which are associated with the PUSCH transmission of msgA, or the index of PUSCH occasion.
For [image: ] and the sequence number , the determination of these parameters need to be independent on the timing of PUSCH transmission. An alternative is the neither group nor sequence hopping is enabled for msgA PUSCH transmission, i.e. fgh = 0 and v = 0.
[bookmark: _Ref21015867]Proposal 15: When transform precoding is enabled, DMRS sequence group number for PUSCH of msgA is determined based on preamble index, SSB index which are associated with the PUSCH of msgA, or the index of PUSCH occasion.

2.3.3. TA for PUSCH of msgA
In legacy 4-step RACH, a UE transmits PRACH assuming TA is zero. There are CP and GT in PRACH to ensure the preamble detection at gNB side. Once gNB detects the preamble, gNB can estimate the TA for the UE transmitting preamble and provide the TA command in the RAR, i.e. msg2. UE will transmit msg3 PUSCH after UE obtains the RAR including TA from gNB. Unlike msg3 transmission, UE in 2-step RACH may has no TA information for msgA PUSCH transmission. Therefore, for msgA transmission of 2-step RACH, it is necessary to address the TA for PUSCH of msgA. There are following options for TA assumption. 
· Option 1: TA is always =0 for PRACH and PUSCH, regardless idle/inactive/connected state
· Option 2: TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PRACH and PUSCH in connected state
· Option 3: TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PUSCH in connected state and TA = 0 for PRACH.
In 4-step RACH, TA = 0 is assumed for msg1 PRACH transmission. It is straightforward that TA = 0 is used for PUSCH of msgA, since UE may not achieve synchronization, especially when UE starts 2-step RACH from RRC IDLE/INACTIVE states. While in RRC connected state, UE may already have a valid TA. Therefore, the valid TA can be used for PUSCH of msgA. However, if different TA is assumed for PRACH and PUSCH of msgA, there may be an issue when PRACH and PUSCH is close to each other in time. In such case, there may be overlapping between PRACH and PUSCH. To avoid the overlapping, a guard time between PRACH and PUSCH may be needed. However, it could lead to additional LBT when 2-step RACH is adopted in unlicensed band. Alternatively, in such case PRACH for msgA is not needed and only PUSCH of msgA is transmitted if there is valid TA.
[bookmark: _Ref21015877]Proposal 16:  For determination of TA for PUSCH of msgA, option 2 is supported, i.e. TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for at least PUSCH in connected state. 
· FFS whether the same or different TAs for PRACH and PUSCH of msgA in connected state.


3. Performance evaluation
In this section, performance of one-to-one mapping and multiple-to-one mapping between preambles and PUSCH resource units are evaluated. In the simulation, one RO with 64 preambles is assumed. One PO with 6 PRBs or two POs with 3 PRBs are used. DMRS configuration with Type1 and double-symbol is adopted. For each PO, there are 8 DMRS ports with or without scrambling ID. The simulation assumptions are shown in the Appendix A.
Four cases are considered in the simulation.
· Case 1: 64 preambles of a RO are mapped to 1 PO with 6 PRBs, wherein 8 preambles are mapped to 1 DMRS port, as shown in the figure of case 1. In this case, single scrambling ID is assumed for a DMRS port.
· Case 2: 64 preambles of a RO are mapped to 2 POs each of which contains 3 PRBs. Preamble index 0~31 maps to 1st PO and preamble index 31~63 maps to 2nd PO, wherein 4 preambles are mapped to 1 DMRS port, as shown in the figure of case 2. In this case, single scrambling ID is assumed for a DMRS port. Compared to case 1, the code-rate and also the transmit power per RE are doubled in case 2 for fair comparion. 
· Case 3: 64 preambles of a RO are mapped to 1 PO with 6 PRBs, wherein 8 preambles are mapped to 1 DMRS port. For each DMRS port, 8 different scrambling IDs are assumed for DMRS sequence generation, as shown in the figure of case 3. In such case, there is one-to-one mapping between preambles and DMRS port + DMRS sequence, which are pseudo-orthogonal and have lower correlation.
· Case 4: 64 preambles of a RO are mapped to 2 POs each of which contains 3 PRBs. Preamble index 0~31 maps to 1st PO and preamble index 31~63 maps to 2nd PO, wherein 4 preambles are mapped to 1 DMRS port. For each DMRS port, 4 different scrambling IDs are assumed for DMRS sequence generation, as shown in the figure of case 4. In such case, there is one-to-one mapping between preambles and DMRS port + DMRS sequence.
	

	


	Case 1: 1 PO with 6 PRBs per PO, 8 DMRS ports with single scrambling ID per DMRS port
	Case 1: 2 POs with 3 PRBs per PO, 8 DMRS ports with single scrambling ID per DMRS port

	

	


	Case 3: 1 PO with 6 PRBs per PO, 8 DMRS ports with 8 scrambling ID per DMRS port
	Case 4: 2 POs with 3 PRBs per PO, 8 DMRS ports with 4 scrambling ID per DMRS port


Figure 9: mapping relationship between preambles and PUSCH resource units in simulation
In the evaluation two UEs are assumed in every slots, and UE randomly selects a preamble index and the corresponding DMRS port and scrambling ID according to mapping relationship as the above diagram. Note that for fair comparison BLER curves in case of 2 POs with 3 PRBs per PO are shifted by 3 dB since half of frequency resource is used compared to the case of 1 PO with 6 PRBs.
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Figure 10: Mean performance of two UEs transmitting simultaneously

When multiple DMRS sequences are adopted, i.e. case 3 and case 4, better BLER performance can be achieved compared to that of case 1 and case 2 where single DMRS sequence is used only. 
When TBS is large, it can be seen that the performance for case 3 with 8 DMRS sequences is slightly better than the case 4 with 4 DMRS sequences, while similar performance can be achieved for both case 3 and case 4 with small TBS.
From the results, we can observe that a configurable number of DMRS sequences for msgA PUSCH can be beneficial.
[bookmark: _Ref21015709][bookmark: OLE_LINK3]Observation 1: When TBS is large, it can be seen that the performance for case 3 with 8 DMRS sequences is slightly better than the case 4 with 4 DMRS sequences, while similar performance can be achieved for both case 3 and case 4 with small TBS.
[bookmark: _Ref21015715]Observation 2: A configurable number of DMRS sequences for msgA PUSCH can be beneficial.

4. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the use cases of 2-step RACH and the channel structure of msgA for 2-step RACH. The observations and proposals are summarized below.
Observation 1: When TBS is large, it can be seen that the performance for case 3 with 8 DMRS sequences is slightly better than the case 4 with 4 DMRS sequences, while similar performance can be achieved for both case 3 and case 4 with small TBS.
Observation 2: A configurable number of DMRS sequences for msgA PUSCH can be beneficial.

Proposal 1:  Support a configurable number of DMRS sequences for msgA PUSCH.
· The candidate number for DMRS sequences is 1, 2, 4, 8
Proposal 2: PUSCH resource unit is ordered according to the DMRS sequence index, DMRS port index and PUSCH occasion index.
Proposal 3: In addition to same configuration periodicity for msgA PRACH and PUSCH, support different configuration periodicities.
· The periodicities for msgA PUSCH configurations can be configured as an integer times by or a division by msgA PRACH configuration periodicity.
Proposal 4: Support one or multiple PUSCH occasions are associated with a set of SSB
· Mapping ratio between SSBs and PUSCH occasions is configured by higher layer, e.g. N SSB is associated with a PUSCH occasions.
Proposal 5: When multiple FDMed PUSCH occasions are configured, support
· one configuration where all FDMed PUSCH occasions get mapped to the same SSB, where different SSBs are associated with different PUSCH occasions in time domain.
· one configuration where all FDMed PUSCH occasions get mapped to one set of SSBs.
Proposal 6: When multiple PUSCH resource units are configured in a PUSCH occasion and multiple SSB are associated with the PUSCH occasion, support
· one configuration where all PUSCH resources units within a PUSCH occasion get mapped to one set of SSBs
· one configuration where all PUSCH resource units within a PUSCH occasion get mapped interlaced to one set of SSBs
· The interlaced interval L for PUSCH resource units is configurable.
Proposal 7: Define association rule for mapping between PUSCH resource units and preambles.
· Step 1: the SSBs are mapped to PUSCH occasions in increase order of SSB, where each PUSCH occasions is associated with N SSBs.
· Step 2: The preambles of a given SSB are mapped to PUSCH resource units according the following order.
· First, in increase order of PUSCH resource units corresponding to a PUSCH occasion, with interlaced interval for PUSCH resource units = L (L>=1)
· Second, in increasing order of PUSCH occasion indexes for the associated PUSCH occasions
Proposal 8: Forward compatibility should be taken into account for design of 2-step RACH.
Proposal 9: For msgA PUSCH, similar mechanism as PRACH validation rule for msgA PUSCH can be adopted.
· If UE is configured with cell-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the cell-specific TDD configuration.
· If UE is configured with UE-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the UE-specific TDD configuration and following conditions are satisfied.
· It does not precede a SSB in the slot containing the PUSCH occasion
· If it starts at least Ngap_PUSCH symbols after a last DL symbol, where Ngap_PUSCH is predefined
Proposal 10: UE behavior of msgA transmission according to the validation of PRACH occasion and PUSCH occasion needs to be specified.
· UE transmits msgA PRACH or msgA PUSCH when either PRACH occasion or the corresponding PUSCH occasion is valid.
Proposal 11: Support PRACH and PUSCH in the same slot for msgA transmission.
Proposal 12:  In case of PRACH and PUSCH for msgA transmission in the same slot, support option 1, i.e. the numerology for msgA PUSCH follows that of msgA preamble.
Proposal 13: For the determination of PUSCH scrambling ID for a msgA PUSCH transmission,
· For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to cell ID.
· For nRNTI, it is incorporated with the RA-RNTI scheduling msgB in response to a msgA, preamble index (RAPID), or SSB index with which the msgA transmission is associated. 
Proposal 14: When transform precoding is disabled, DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index, SSB index which are associated with the PUSCH of msgA, or the index of PUSCH occasion.
Proposal 15: When transform precoding is enabled, DMRS sequence group number for PUSCH of msgA is determined based on preamble index, SSB index which are associated with the PUSCH of msgA, or the index of PUSCH occasion.
Proposal 16:  For determination of TA for PUSCH of msgA, option 2 is supported, i.e. TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for at least PUSCH in connected state.
· FFS whether the same or different TAs for PRACH and PUSCH of msgA in connected state.
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Appendix A
[bookmark: _Ref521664105]Table 1: Link level evaluation assumption
	Assumption
	Value

	Carrier frequency
	4GHz

	Waveform
	CP-OFDM

	Subcarrier spacing
	30 KHz,

	Modulation order
	QPSK

	PUSCH resource
	2,3,4,6,12PRB, 14OS or 6OS

	DMRS
	Type1, double-symbol

	Antenna configuration
	BS: 2Rx or 4Rx  , UE: 1Tx

	Chanel model
	TDL-C, DS=300ns, 3km/h

	Detection algorithm
	Channel estimation: MMSE filter
Equalizer: MMSE-IRC

	Frequency offset
	Ideal , 0ppm

	Timing offset
	Ideal , 0Ts
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