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1. Introduction
In this contribution, we discuss on channel structure for 2-step RACH.
· DMRS for msgA PUSCH
· msgA PUSCH configuration
· Mapping of RACH preamble and PUSCH resource

2. Discussion
2.1. DMRS for msgA PUSCH
DMRS configuration type for msgA PUSCH
In NR system, two types of DMRS are supported which are DMRS configuration type 1 and type 2. Since type 1 DMRS is a mandatory feature, it was agreed for type 1 DMRS to be applied for msg3 PUSCH in 4-step RACH procedure. Even in a certain UL BWP, type 1 DMRS is used for msg3 transmission. Similarly, in 2-step RACH, only type 1 DMRS which is a mandatory feature should be applied for msgA PUSCH since RACH configuration for 2-step RACH procedure can be configured via BWP-UplinkCommon which could be applied for UEs. 
Proposal 1: 
· In 2-step RACH, only type 1 DMRS which is a mandatory feature should be applied for msgA PUSCH.

PUSCH DMRS port/sequence
For type 1 DMRS, if one OFDM symbol is used, maximum 4 antenna ports can be assigned. These antenna ports are composed by frequency resource (i.e., two 2-comb type resources) and cyclic shift value (i.e. 0 and pi). In 4-step RACH, single antenna port is applied for msg3 transmission. But, for 2-step RACH, all antenna ports could be used for PUSCH resource efficiency enhancement. Also, gNB can configure the number of antenna ports for msgA PUSCH DMRS. Consideration points to decide the number of antenna port are network coverage and geometry. If the network coverage is wider and geometry is not good to support multiple UE in a PUSCH occasion, it is good to assign small number of antenna port (e.g., 1 or 2). On the other hand, when 2-step RACH is operated within small coverage and in good geometry, gNB can allow large number of antenna ports (e.g., 2 or 4) in a PUSCH occasion. 
In addition, if two antenna ports are configured, it is better to use antenna port 0 and 1 (or 2 and 3) which have same frequency resource and difference cyclic shift value, since cyclic shift can be distinguish the antenna ports even in case where OFDM symbol reception timing different is quite large (e.g., FFT size / 4). 
Proposal 2: 
· gNB can configure the number of antenna ports for msgA PUSCH DMRS.
· The maximum number of antenna ports is four.
· When the value of configured antenna ports is two, antenna port 0 and 1 are used. 
· When the value of configured antenna ports is one, antenna port 0 is used.

For PUSCH resource efficiency enhancement, we can apply multiple DMRS sequences per antenna ports. In NR system, for the case of CP-OFDM, PN sequence is applied as DMRS sequence. Also, for UL MU-MIMO, two different seed values can be configured via RRC signal, and one of values are designated via DCI. For example, for spatially separated UEs, these two different DMRS sequence can be applied even though same antenna port are assigned for the UEs. Similarly, for msgA PUSCH, multiple DMRS sequences can be applied when CP-OFDM is used. In this case, these seed valued can be configured via SIB1 and/or RACH-ConfigCommon, and values can be designated depending on RAPID.
On the other hand, for the case of DFT-s-OFDM, low-PAPR sequence (a.k.a, Zadoff-chu sequence) is applied, and one sequence is assigned as DMRS sequence. 
Proposal 3: 
· In case of CP-OFDM, maximum two different initial values are configured via higher layer signal (e.g., SIB1 and/or RACH-ConfigCommon).
· Sequence is designated depending on the RAPID.
· For case of DFT-s-OFDM, one root index of ZC-sequence is configured via higher layer signal.

In a PO, multiple PRUs can be defined depending on combination of number of DMRS port(s) and DMRS sequence. The set of PRUs in a PO can be defined as follow Table 1:

Table 1. Number of PRUs in a PO
	Number of PRUs in a PO
	{Number of DMRS ports, Number of DMRS sequences

	1
	{1,1}

	2
	{2,1}, {1,2}

	4
	{4,1}, {2,2}

	8
	{4,2}



If number of PRU in a PO is one, only one set for the number of DMRS port and DMRS sequence is defined. Also, if number of PRUs in a PO is two, two sets of combination between DMRS ports and sequence can be defined (i.e., {2,1}, {1,2}). When two antenna ports are used in a PO, one CDM group among two groups is configured for these two antenna port. Thirdly, if number of PRUs in a PO is fours, two sets of combination can be defined (i.e., {4,1}, {2,2}). If four antenna ports are used in a PO, two CDM groups are used with same DMRS sequence. In addition, if two antenna ports are used in a PO, one CDM group among two groups is configured with two different DMRS sequence. Finally, if number of PRUs in a PO is eight, four antenna ports within two CDM groups are used with two different DMRS sequences.
Proposal 4: 
· The value of number of PRUs in a PO can be one among {1, 2, 4, 8}.
· When number of PRU in a PO is one, only one set for the number of DMRS port and DMRS sequence is defined. 
· When number of PRUs in a PO is two, two sets of combination between DMRS ports and sequence can be defined (i.e., {2,1}, {1,2}). 
· When two antenna ports are used in a PO, one CDM group among two groups is configured for these two antenna port. 
· When number of PRUs in a PO is fours, two sets of combination can be defined (i.e., {4,1}, {2,2}).
· If four antenna ports are used in a PO, two CDM groups are used with same DMRS sequence. 
· If two antenna ports are used in a PO, one CDM group among two groups is configured with two different DMRS sequence. 
· When number of PRUs in a PO is eight, four antenna ports within two CDM groups are used with two different DMRS sequences.

2.2. msgA PUSCH configuration
PUSCH scrambling sequence
As described in TS38.211, initialization value cinit for scrambling sequence is composed by nRNTI and nID. For msgA PUSCH in 2-step RACH case, we need to decide which values are applied for nRNTI and nID. 
In case of 4-step RACH, TC-RNTI/C-RNTI as nRNTI is applied for msg3 PUSCH. On the other hand, for msgA PUSCH in 2-step RACH case, TC-RNTI/C-RNTI could not be applicable for UE in RRC_IDLE and RRC_INACTIVE. So, for these cases, it can be considered to apply other RNTI (i.e. RA-RNTI) as nRNTI instead of TC-RNTI/C-RNTI. And, for UE in RRC_CONNECTED, C-RNTI can be applied as nRNTI.
In case of 4-step RACH, NIDcell as nID is applied for msg3 PUSCH. However, for msgA PUSCH in 2-step RACH case, multiple RAPIDs can be mapped to single PUSCH occasion. In this case, inter-layer interference between PUSCH data RE could be increased. So, in order to reduce the interference, we may consider to apply multiple scrambling sequences generated by different values of nID instead of NIDcell which is applied for UL MU-MIMO. In case of CBRA, for msgA PUSCH, RAPID can be applied as nID. On the other hand, for CFRA, C-RNTI is applied as a seed value of sequence initialization. 
Proposal 5:
· For msgA PUSCH data scrambling sequence, 
· RA-RNTI and RAPID are applied as seed value of initialization for CBRA.
· C-RNTI is applied as seed value of initialization for CFRA.

Supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA etc
In 4-step RACH, MCS for msg3 is assigned by UL grant in RAR message. So, depending on UE channel state, gNB can designate MCS from low index to high index. Also, time/frequency resource for PUSCH can be assigned depending on the selected MCS level and required coverage. On the other hand, for 2-step RACH, it is hard to allow flexible MCS selection. If UE selects MCS level for UL transmission depending on DL measurement result, it could not applicable for UL transmission because not only channel state but also interference level are quite different between DL channel and UL channel. Furthermore, depending on the MCS level, the required amount of resource of PUSCH for msgA is changed. So, if several MCS levels are allowed, many type of PUSCH resource are defined and pre-assigned. It is not good in terms of resource utilization. Therefore, for PUSCH in msgA, it is desired to use very limited number of MCS level (e.g. one or two MCS levels). For example, only QPSK for CP-OFDM is applied for PUSCH in msgA, and two types of coding rate are used. 
Proposal 6: 
· For PUSCH in msgA, use very limited number of MCS level (e.g. one or two MCS levels).
· E.g., only QPSK for CP-OFDM is applied for PUSCH in msgA, and two types of coding rate are used.

As discussed, if multiple MCS levels are allowed for PUSCH transmission, multiple types of PUSCH resource are defined depending on MCS level. Consequently, if PUSCH resource is corresponded with RAPID, the RAPID can be also associated with MCS level. So, if UE decide suitable MCS level for PUSCH transmission, UE may select RAPID which is associated with the MCS level. 
Furthermore, if multiple sets of DMRS frequency resource is allowed, it can be defined that each DMRS frequency resource is associated with MCS level. For example, if two different PUSCH resources (e.g., one is larger frequency resource for lower MCS level, and another is smaller frequency resource for higher MCS level) are assumed, two different frequency resource sets are designated for each PUSCH resources. In figure 1, an example of PUSCH resource and DMRS RE designation depending on MCS level is depicted.
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Figure 1. An Example of PUSCH resource and DMRS RE designation depending on MCS level

In RAN1#98 meeting, it was agreed to support at least two msgA PUSCH configurations. Parameters (e.g., MCS/TBS, antenna port/sequence, time/frequency resource for PO, period/slot offset for PO group, etc.) can be independently configured for each msgA PUSCH configuration. One of main motivation to adopt multiple configuration is to set different MCS level or different time/frequency resource. Of course, the value of periodicity/offset could be differently set for each msgA PUSCH configuration. But, if the number of valid POs in time domain, it becomes harder for msgA preamble to PRU mapping. So, it is better that POs configured by different msgA PUSCH configuration are located at least at same time location. 
Also, configured POs can be overlapped in time/frequency. If different CDM group is configured for each PO, network can separate multiple UL signals transmitted at the time/frequency resource as shown in figure 1.
Proposal 7: 
· If multiple sets of DMRS frequency resource is allowed, each DMRS frequency resource (i.e., CDM group) is configured by msgA PUSCH configuration.
· If multiple MCS levels are allowed for PUSCH transmission, multiple types of PUSCH resource are configured by msgA PUSCH configuration depending on MCS level.
· The value range configured by ssb-perRACH-OccasionAndCB-PreamblesPerSSB-msgA can be divided by N-parts. A part of value range composes a set of RAPID which is associated with an msgA PUSCH configuration. Also, other part of value range is associated with other msgA PUSCH configuration.

2.3. Mapping for RACH preamble and PUSCH resource
RO mapping for 2-step RACH
One possible discussion point is whether RO is shared between 2-step RACH and 4-step RACH. If RO sharing is allowed, contention-based PRACH preamble for 2-step RACH can be configured among the remaining PRACH preambles in the configured RO for 4-step RACH, hence the purpose of PRACH transmission (i.e., 2-step RACH or 4-step RACH) can be identified to gNB. Also, in RO sharing case, PUSCH in msgA can be assigned at the PUSCH slot following RACH slot. 
If RO sharing is not allowed, RO is configured for 2-step RACH. For RO configuration for 2-step RACH, we can consider two alternatives. (1) First alternative is to reuse RACH configuration table for 4-step RACH. This configuration table is designed based on the assumption that most of OFDM symbols within RACH slot or within second half RACH slot are used as ROs. Hence, for this case, it is possible that RO and PUSCH can be multiplexed at different slots. In figure 2 (a), slot level time multiplexing is depicted as an example of multiplexing of RACH and PUSCH of msgA. 
(2) Second alternative is to allow new configuration that OFDM symbols within a first half RACH slot are used as RO. The OFDM symbols following RO can be assigned for PUSCH of msgA. In figure 1 (b), symbol level time multiplexing is depicted as an example of multiplexing of RACH and PUSCH of msgA.
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(a) Slot level time multiplexing
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(b) Symbol level multiplexing within a slot
Figure 2. Example of multiplexing between RACH and PUSCH of msgA

Proposal 8: 
· For the case of separate ROs for 2-step and 4-step RACH, allow a configuration that OFDM symbols within a first half RACH slot are used as RO.

RACH Preamble to PRU mapping for 2-step RACH
In RAN1#98 meeting [1], it was agreed to allow single offset value for PO group location indication. It could mean that if periodicity of RACH and that of PO group is same, each RACH slot can be mapped to a PO group. Figure 3 depicts an example of time domain location of msgA RACH and msgA PUSCH.



Figure 3. Example of time domain location for msgA RACH and msgA PUSCH

In Figure 3, it is assumed that UL slot is assigned every 2.5ms, and RACH is configured at subframe index 9 with 10ms period. On top of the assumption, PO group is configured by 2.5ms offset and 10ms period. In this case, it is naturally considered that ROs in a RACH slot in front of PO group can be mapped to the PO group if the PO group is available. 
However, in general cases, the mapping between RACH preamble to PRU could be more complicate. So, it may be necessity to define the general mapping rule for RACH preamble to PRU. For RACH preamble to PRU mapping, at least followings can be considered. 
0) Validation check which PO(s) is/are available. 
A. PO(s) in flexible/UL slot is/are available. 
B. PO(s) after N- symbol gap duration from last DL symbol is/are available.
C. PO(s) which is/are not collided with SSB is/are available.
1) Preambles in available ROs at a RACH slot in front of available POs are mapped to the PRUs in available POs. 
2) SSB to RO association period is applied to RACH preamble to PRU mapping.
A. Preambles in available ROs within an association period for SSB to RO mapping are mapped to PRUs in available POs within the association period.
3) If number of preambles for CBRA in available ROs within an association period is same to or larger than number of PRUs in available POs within the association period, all or subset of preambles for CBRA are mapped to PRUs in available POs.
A. In addition, if a set of number of actually transmitted SSB which mapped to RO within a SSB to RO association period is not fully mapped to PRUs in available POs within a SSB association period, it is not applied that preambles in available ROs are mapped to available PRUs in available POs.
B. Remaining preamble(s) for 2-step RACH which is/are not mapped to PRU can be used for msgA preamble only transmission.

Proposal 9: 
· Preambles in available ROs at a RACH slot in front of available POs are mapped to the PRUs in available POs.
· SSB to RO association period is applied to RACH preamble to PRU mapping.
· Preambles in available ROs within an association period for SSB to RO mapping are mapped to PRUs in available POs within the association period.

Conclusion 
In this contribution, we discuss on channel structure for two-step RACH. We proposed as follows: 

DMRS for msgA PUSCH
Proposal 1: 
· In 2-step RACH, only type 1 DMRS which is a mandatory feature should be applied for msgA PUSCH.
Proposal 2: 
· gNB can configure the number of antenna ports for msgA PUSCH DMRS.
· The maximum number of antenna ports is four.
· When the value of configured antenna ports is two, antenna port 0 and 1 are used. 
· When the value of configured antenna ports is one, antenna port 0 is used.
Proposal 3: 
· In case of CP-OFDM, maximum two different initial values are configured via higher layer signal (e.g., SIB1 and/or RACH-ConfigCommon).
· Sequence is designated depending on the RAPID.
· For case of DFT-s-OFDM, one root index of ZC-sequence is configured via higher layer signal.
Proposal 4: 
· The value of number of PRUs in a PO can be one among {1, 2, 4, 8}.
· When number of PRU in a PO is one, only one set for the number of DMRS port and DMRS sequence is defined. 
· When number of PRUs in a PO is two, two sets of combination between DMRS ports and sequence can be defined (i.e., {2,1}, {1,2}). 
· When two antenna ports are used in a PO, one CDM group among two groups is configured for these two antenna port. 
· When number of PRUs in a PO is fours, two sets of combination can be defined (i.e., {4,1}, {2,2}).
· If four antenna ports are used in a PO, two CDM groups are used with same DMRS sequence. 
· If two antenna ports are used in a PO, one CDM group among two groups is configured with two different DMRS sequence. 
· When number of PRUs in a PO is eight, four antenna ports within two CDM groups are used with two different DMRS sequences.

msgA PUSCH configuration
Proposal 5:
· For msgA PUSCH data scrambling sequence, 
· RA-RNTI and RAPID are applied as seed value of initialization for CBRA.
· C-RNTI is applied as seed value of initialization for CFRA.
Proposal 6: 
· For PUSCH in msgA, use very limited number of MCS level (e.g. one or two MCS levels).
· E.g., only QPSK for CP-OFDM is applied for PUSCH in msgA, and two types of coding rate are used.
Proposal 7: 
· If multiple sets of DMRS frequency resource is allowed, each DMRS frequency resource (i.e., CDM group) is configured by msgA PUSCH configuration.
· If multiple MCS levels are allowed for PUSCH transmission, multiple types of PUSCH resource are configured by msgA PUSCH configuration depending on MCS level.
· The value range configured by ssb-perRACH-OccasionAndCB-PreamblesPerSSB-msgA can be divided by N-parts. A part of value range composes a set of RAPID which is associated with an msgA PUSCH configuration. Also, other part of value range is associated with other msgA PUSCH configuration.

Mapping of RACH preamble and PUSCH resource
Proposal 8: 
· For the case of separate ROs for 2-step and 4-step RACH, allow a configuration that OFDM symbols within a first half RACH slot are used as RO.
Proposal 9: 
· Preambles in available ROs at a RACH slot in front of available POs are mapped to the PRUs in available POs.
· SSB to RO association period is applied to RACH preamble to PRU mapping.
· Preambles in available ROs within an association period for SSB to RO mapping are mapped to PRUs in available POs within the association period.
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Annex: RAN1 agreement
	RAN1#98 [1]
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

RAN1#98  Email Discussion [2]
Proposal:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations per UE for Rel.16
o  FFS BS broadcasting the rule/criterion for the UE’s selection of msgA PUSCH configuration
o  Using different preamble groups for the indications of different configurations in case of two configurations
o  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
o   FFS details
· FFS whether and how the time/frequency resources are shared among different RRC states (IDLE, INACTIVE, CONNECTED)
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS broadcasting the rule/criterion for the UE’s selection of msgA PUSCH configuration
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