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Introduction
A work item on two step RACH for NR was approved [1]. One of objectives of this work item is to specify the channel structure of Msg.A, which consists of RACH preamble and PUSCH carrying payload. The design principle based on WID is as follows.
· 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)
· 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
The agreements made in previous RAN1 meeting are summarized in Appendix B. In this document, we provide our view on channel structure for 2-step RACH.
[bookmark: _GoBack]This document is the update of R1-1906863 [2].
Discussion
Configuration of PUSCH occasion in Msg.A
In 4-step RACH, the PRACH preamble configuration is provided to the UE in the system information. In RRC CONNECTED, the PRACH preamble configuration can be provided via the dedicated information. The system information also provides information for the UE to determine the association between the RACH preamble resources and DL signal/channel for Msg.2 and the latter Msgs. Based on the DL measurement and corresponding association, the UE can determine a RACH preamble resource set. In 4-step RACH, UE determines whether transform precoding for Msg.3 PUSCH is used or not based on RRC parameter msg3-transformPrecoding. UE also determines the subcarrier spacing for Msg.3 PUSCH from the RRC parameter msg3-SubcarrierSpacing. UE determines the time/frequency resources and other transmission parameters for Msg.3 PUSCH such as whether or not frequency hopping is enabled, MCS, and TPC command via UL grant in RAR. In 2-step RACH, UE needs to determine time/frequency resources and other transmission parameters for PUSCH in Msg.A without UL grant. Therefore, in addition to RACH preamble resource configuration, the gNB needs to provide physical resources and transmission parameters for PUSCH in Msg.A to UE.
For time/frequency resources of PUSCH in Msg.A (PUSCH occasion), two options on how to specify/configure PUSCH occasion were agreed in RAN1#96. One is PUSCH occasions are separately configured from PRACH occasions (Option 1). The other is the relative location of the PUSCH occasion is specified/configured with respect to the associated PRACH occasion (Option 2). The details on the parameters per Msg.A PUSCH configuration for each option are also defined in RAN1#97.
In Option 1, one of possibilities is to reuse configured grant operation for the configuration of PUSCH occasion signalling. At least for RRC CONNECTED mode, Rel.15 configuration of PRACH and the configured grant configuration for PUSCH occasion can have fully flexible operation. In addition, if Type 2 configured grant is used, to change PUSCH resource by activation/deactivation is possible as far as linkage of ID is kept. For RRC IDLE mode, predetermined PUSCH occasion configuration is provided to the UE in the system information. Option 1 can have flexibility for PUSCH resource utilization from network perspective, it may complicate 2-step RACH operation and gNB receiver.
In Option 2, since the association between PRACH preamble and PUSCH occasion are more direct relation, the 2-step RACH operation including gNB receiver can be simplified at the cost of less flexibility. In Option 2. Msg.A PUSCH configuration period is the PRACH configuration period while Option 2 may or may not have the same configuration period for Msg.A as PRACH configuration period.
In our view, if we don’t consider dynamic change of PUSCH resource for Option 1, it seems either Option 1 and Option 2 works basically same manner. The remaining details can be rather signalling detail in higher layer. Then, which option to be determined by RAN2 by sending LS to RAN2 might be reasonable decision. 
For either Option 1 or Option 2, some association between PRACH preamble and PUSCH occasion may be necessary. One of possibilities is that UE transmits Msg.A payload in the first available PUSCH occasion after PRACH preamble transmission. Another possibility is similar to the association between SSB and RACH occasion, to define a mapping rule to determine the association between SSB and PUSCH occasion. For latter scheme, in case SSB to RACH occasion of 4-step RACH, all SSB needs to have the preparation of 4-step RACH are necessary as it is a kind of minimum function. In case of 2-step RACH, it should be allowed that only some SSB support 2-step RACH.
Observation 1: 
· For time/frequency resources of PUSCH in Msg.A (PUSCH occasion),
· Option 1 (PUSCH occasions are separately configured from PRACH occasions) using configured grant configuration can provide flexible operation including dynamic change of PUSCH resource in RRC CONNECTED mode, while it may complicate 2-step RACH operation and gNB receiver.
· Option 2 (the relative location of the PUSCH occasion is specified/configured with respect to the associated PRACH occasion) can be simplify the 2-step RACH operation including gNB receiver at the cost of less flexibility.
Observation 2: If dynamic change of PUSCH resource is not considered for Option 1, either Option 1 and Option 2 works basically same manner. The remaining detail can be rather signalling detail in higher layer, and then which option is taken can be determined by RAN2.

On Msg.A PUSCH configuration, support of multiple Msg.A PUSCH configurations for a UE is also agreed. Based on the WID, UP data transmission in RRC CONNECTED mode as in Rel.15 NR is supported. In order to achieve a certain level of flexibility by allowing to accommodate variable size of UP data packets, it would be beneficial that the network can configure a set of TB sizes for the PUSCH transmission to the UE. RAN2 LS [3] mentioned that no upper bound for the content size is defined by RAN2 but any limited based on RAN1 design would be good to be known to be able to design the signalling options properly. Based on the data volume in UE buffer, UE selects a TBS/MCS and time/frequency resource size for PUSCH in Msg.A from the configured parameter sets. Then, at least MCS/TBS and time-frequency resource size should be independently configured among different configurations. The selected configuration (TBS/MCS and time/frequency resource size for PUSCH in Msg.A) are indicated by the selection of RACH preamble resource set. Alternatively, the selected TBS for PUSCH in Msg.A are indicated in UCI which multiplexed on PUSCH or conveyed in a separate encoded control channel (e.g., PUCCH). The appropriate indication method would depend on how many configurations is supported. If the number of configurations to be supported is smaller, preamble-based solution is sufficient. On the other hand, if the number of configurations to be supported is larger, UCI-based solution would be suitable considering RACH preamble resource capacity/utilization.
Proposal 1: In 2-step RACH, allow gNB to configure a set of TBSs, MCS, and time/frequency resource size for PUSCH in Msg.A. The UE may select a set of these parameters based on the configuration and buffer size.
Proposal 2: The indication of UE selected parameter set is indicated by the selection of RACH preamble resource set or UCI transmitted together with PUSCH.

On PUSCH numerology, it was agreed in RAN1#96bis, when the PRACH and PUSCH for Msg.A transmission are in different slots, the numerology for Msg.A PUSCH follow the numerology configured for the UL BWP for Msg.A transmission. FFS point is whether to support PRACH and PUSCH in the same slot for Msg.A transmission and if supported there are three options.
· Option 1: the numerology for msgA PUSCH follows that of msgA preamble
· Option 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP
· Option 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
In our view, Option 3 is the simplest way. If different numerologies within a slot is supported (i.e., Option 2), whether to have UL transmission with different numerologies within a slot should be UE capability/feature.
Observation 3: For PUSCH numerology is PRACH and PUSCH in the same slot for Msg.A transmission is supported, Option 3 (a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission) is the simplest.
Observation 4: Whether to have UL transmission with different numerologies within a slot should be UE capability/feature.

On PUSCH waveform, following two options were identified in the feature lead summary [4].
· Option 1: Follow the same waveform of msg3 as msg3-Transformprecoder
· Option 2: Separate configured, which may or may not be the same as msg3
Separate configuration between CP-OFDM for 2-step RACH and DFT-s-OFDM for 4-step RACH may be possibility if different RACH procedure can be selected in cell. For example, 2-step RACH is used rather around cell center area based on RSRP/RSRQ criterion discussed in RAN2. While, in order to support HARQ soft combining, the same waveform of Msg.3 would be beneficial if fallback to Msg.3 PUSCH is supported.
Observation 5: If 2-step RACH is used rather around cell center area based on RSRP/RSRQ criterion discussion in RAN2, separate configuration between CP-OFDM for 2-step RACH and DFT-s-OFDM for 4-step RACH may be possibility.
Observation 6: If fallback to Msg.3 PUSCH is supported, to follow the same waveform of Msg.3 is beneficial in order to support HARQ soft combining.

PUSCH resource unit
In RAN1#97, following offline proposal was discussed but not agreed.
· For the definition of PRU, support both DMRS ports and (working assumption) DMRS sequences at least for CP-OFDM
· FFS how to support multiple sequences for DFT-s-OFDM
· FFS the maximum number of sequences
· Conform the working assumption that both one-to-one and multiple-to-one mapping between preamble 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-multuple mapping
In our view, there is the benefit of introducing multiple DMRS sequences. Based on preamble assignment rule, different TRPs in a cell does not reuse the same preamble. When different TRPs in a cell is sufficiently spatially isolated, PUSCH with exactly the same configuration except scrambling sequence of PUSCH/DMRS would not cause performance degradation and such operation should be allowed as it can improve resource efficiency. Resource efficiency might be improved by enhancing the capacity of DMRS. However, assuming the capacity of DMRS means the number of maximum DMRS ports (e.g., 8 or 12), we think the number of DMRS ports should not be enhanced. This is also restricted by WID “Only reuse the Rel.15 NR PUSCH including Rel.15 DMRS for transmission of payload of Msg.A”. In introducing multiple DMRS sequence, the specification impact would be that the derivation of c_init for DMRS scrambling sequence should be based on at least preamble index for CP-OFDM. For DFT-s-OFDM, current specification does not support DMRS sequence scrambling. How to support multiple sequence for DFT-s-OFDM is FFS. Not to specify multiple sequence for DFT-s-OFDM would be one of possibility.
Proposal 3: For the definition of PUSCH resource unit, support both DMRS ports and DMRS sequences at least for CP-OFDM.

PUSCH resource unit is the PUSCH occasion and DMRS port / DMRS sequence used for an Msg.A payload transmission. For the mapping between preambles in each RACH occasion and associated PUSCH resource unit, the design should consider the resource utilization efficiency and decoding complexity at gNB. The gNB will configure the RACH preamble resource configuration considering the resource utilization and collision probability. As the mapping between RACH preamble and the PUSCH resource unit, at least support one-to-one and multiple(N)-to-one was working assumption. For one-to-one mapping, a large amount of PUSCH resources needs to be reserved for the PUSCH in Msg.A. On the other hand, multiple(N)-to-one mapping would cause high collision probability of PUSCH depending on the N value. Such high collision case should be standardized in NOMA. Multiple(N)-to-one mapping with low collision probability which does not require NOMA such as advanced receiver could be considered.
Proposal 4: Confirm the working assumption that both one-to-one and multiple-to-one mapping between preamble in each RO and associated PUSCH resource unit are supported.

Link-level evaluation
In order to see the impact of PUSCH resource unit definition and/or mapping between preamble and PUSCH resource unit, we evaluate the Msg.A PUSCH link-level performance for cases that the same time-frequency resource is assigned for two UEs. Following three cases are evaluated. The other evaluation parameters are shown in Appendix A.
· Case A: Different DMRS port is assigned to different UEs.
· Case B: The same DMRS port but different DMRS sequence is assigned to different UEs.
· Case C: The same DMRS port and the same DMRS sequence is assigned to different UEs.
Figure 1 shows the performance comparison between above cases. It can be seen that Case B (i.e., the use of the same DMRS port but different DMRS sequence) provides the performance improvement compared to Case C (i.e., the collision case of the same DMRS port/sequence). The performance degradation of Case B compared to Case A (i.e., the use of the different DMRS port) is less than 1 dB at BLER=10-1.
[image: ][image: ]
(a) TDL-A, 30ns                                                                            (b) TDL-C, 300 ns
Figure 1 Link-level performance of PUSCH Msg.A
Observation 7: The use of different DMRS sequence improves the performance of Msg.A PUSCH compared to the collision case of the same DMRS port/sequence.
Observation 8: The performance degradation when the same DMRS port but the different DMRS sequence is used, compared to the case when the different DMRS port/sequence is used, is less than 1 dB at BLER=10-1 with the evaluated assumption.

Conclusion
In this contribution, we discussed channel structure for 2-step RACH and made following observation and proposals.
Configuration of Msg.A PUSCH occasion
Observation 1: 
· For time/frequency resources of PUSCH in Msg.A (PUSCH occasion),
· Option 1 (PUSCH occasions are separately configured from PRACH occasions) using configured grant configuration can provide flexible operation including dynamic change of PUSCH resource in RRC CONNECTED mode, while it may complicate 2-step RACH operation and gNB receiver.
· Option 2 (the relative location of the PUSCH occasion is specified/configured with respect to the associated PRACH occasion) can be simplify the 2-step RACH operation including gNB receiver at the cost of less flexibility.
Observation 2: If dynamic change of PUSCH resource is not considered for Option 1, either Option 1 and Option 2 works basically same manner. The remaining detail can be rather signalling detail in higher layer, and then which option is taken can be determined by RAN2.
Proposal 1: In 2-step RACH, allow gNB to configure a set of TBSs, MCS, and time/frequency resource size for PUSCH in Msg.A. The UE may select a set of these parameters based on the configuration and buffer size.
Proposal 2: The indication of UE selected parameter set is indicated by the selection of RACH preamble resource set or UCI transmitted together with PUSCH.

Msg.A PUSCH numerology
Observation 3: For PUSCH numerology is PRACH and PUSCH in the same slot for Msg.A transmission is supported, Option 3 (a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission) is the simplest.
Observation 4: Whether to have UL transmission with different numerologies within a slot should be UE capability/feature.

Msg.A PUSCH waveform
Observation 5: If 2-step RACH is used rather around cell center area based on RSRP/RSRQ criterion discussion in RAN2, separate configuration between CP-OFDM for 2-step RACH and DFT-s-OFDM for 4-step RACH may be possibility.
Observation 6: If fallback to Msg.3 PUSCH is supported, to follow the same waveform of Msg.3 is beneficial in order to support HARQ soft combining.

Msg.A PUSCH resource unit
Proposal 3: For the definition of PUSCH resource unit, support both DMRS ports and DMRS sequences at least for CP-OFDM.
Proposal 4: Confirm the working assumption that both one-to-one and multiple-to-one mapping between preamble in each RO and associated PUSCH resource unit are supported.

Link-level evaluation
Observation 7: The use of different DMRS sequence improves the performance of Msg.A PUSCH compared to the collision case of the same DMRS port/sequence.
Observation 8: The performance degradation when the same DMRS port but the different DMRS sequence is used, compared to the case when the different DMRS port/sequence is used, is less than 1 dB at BLER=10-1 with the evaluated assumption.
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Appendix A: Link level evaluation parameters
	Parameters
	Value

	Carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	Subcarrier spacing
	30 kHz

	Waveform
	CP-OFDM

	Modulation 
	QPSK

	TBS
	72

	Allocated RBs
	6 RBs

	Number of symbols
	14

	DMRS
	DMRS configuration type 1
PUSCH mapping type A, double-symbol DMRS
dmrs-AdditionalPosition=0

	Channel
	TDL-A, DS=30ns or TDL-C, DS=300ns
v=3km/h

	Number of UE Tx antennas
	1

	Number of gNB Tx antennas
	2

	Receiver
	MMSE-IRC

	SNR
	Equal average SNR among UEs is assumed.



Appendix B: Previous agreements
RAN1#96
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission
· 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 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:
· 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)

RAN1#96bis
Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g.
· For opt.1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt.2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period.
[bookmark: _Hlk7167048]Agreements:
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence
· The DMRS sequence generation mechanism should follow Rel.15.
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
Agreements:
· 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.

RAN1#97
Agreements:
· 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 supported) 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:
· Singe 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
Agreements:
· The c_int 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
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