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[bookmark: _Ref506539118]Introduction
At the RAN1#96bis meeting, the following agreements and working assumption were made regarding channel structure and procedures for two-step RACH [1]:
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
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
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
Agreements:
Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.

	Subcarrier Spacing (kHz) of the PUSCH 
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc


· Other options/variations are not precluded
Agreements:
[bookmark: _Hlk5745760]For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Agreements:
[bookmark: _Hlk5855601]For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1.1: Offset configured for 2-step RACH
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 6.1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Note: Latest means most recent transmitted.
· Power reduction priority rule in CA/DC
Agreements:
· For MsgA Tx beam selection further study at least the following options:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.
In the contribution, we discuss channel structure for 2-step RACH, with primary focus on channel structure of MsgA, and association between MsgA PRACH and PUSCH. Our view on 2-step RACH related procedure is described in our companion contribution [2].
Channel structure of MsgA 
In this section, we discuss the channel structure of MsgA, including resource allocation in time and frequency, numerology and configuration of MsgA PUSCH occasion. 
Resource allocation of MsgA PUSCH occasion 
Regarding the resource allocation of an MsgA PUSCH occasion, two options were discussed in the RAN1#96 meeting as follows [3]:
· Option 1: PUSCH occasions are separately configured from PRACH occasions
· Option 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion.
While Option 2 may potentially reduce signaling overhead by implicitly linking a PRACH occasion with an MsgA PUSCH occasion, it may not be desirable in term of flexibility on resource allocation. In particular, Option 2 may imply one to one or one to many mapping between PRACH and MsgA PUSCH occasion, which may lead to unnecessary reserved resource overhead. Note that even when relative time and/or frequency locations are specified or configured between a PRACH and MsgA PUSCH occasion, additional information with regards to time and frequency resource allocation of MsgA PUSCH occasion, e.g., time duration and frequency span needs to be configured, which may not help in reducing signalling overhead. 
On the contrary, for Option 1, gNB can flexibly allocate or reserve the resource for MsgA PUSCH occasion. As agreed in the RAN1#96bis meeting, Option 1 (separate ROs) and Option 2 (shared RO but separate preambles) are supported for the relation of PRACH resources between 2-step and 4-step RACH [1]. In this regard, a subset of PRACH occasions may be associated with PUSCH occasion while remaining PRACH occasion may be used for conventional 4-step RACH, which can help reduce reserved resource overhead and hence improve system level spectrum efficiency. This can be achieved by explicit indication of association with a subset of PRACH occasions or configuring a longer periodicity of MsgA PUSCH occasion as shown in Figure 1.  
Based on the discussions above, in our view, Option 1 is supported for resource allocation of an MsgA PUSCH occasion. Further, to provide full flexibility, for one PUSCH occasion, resource allocation is derived based on that of NR configured grant in principle. 
[image: ]
[bookmark: _Ref7182930]Figure 1. Different configuration periods for PRACH and PUSCH in MsgA
Proposal 1
· PUSCH occasions are separately configured from PRACH occasions.
· MsgA PUSCH configuration period can be different from PRACH configuration period. 
At the RAN1#96bis meeting, it was agreed to support MsgA PRACH and PUSCH in different slots [1]. In this case, UE may follow the DL timing for the transmission of MsgA PRACH and PUSCH. This would allow gNB to first estimate the TA based on PRACH preamble and subsequently apply the estimated TA for MsgA PUSCH decoding. 
Note that for some application and use cases, e.g., NR unlicensed operation, it is desirable to allow MsgA PRACH and PUSCH to be transmitted continuously in a same slot, as illustrated in Figure 2. In this regards, the number of LBT attempts can be reduced accordingly and the success rate of random access can be improved. Further, for TDD system, if MsgA PRACH and PUSCH are in different slots, it is likely that the next slot after PRACH preamble is DL slot, which cannot be allocated for associated MsgA PUSCH transmission. In this case, support of MsgA PRACH and PUSCH in a same slot can help reduce latency of 2-step RACH procedure. 
For an MsgA PUSCH occasion in 2-step RACH, resource allocation in time domain may include slot offset, configuration period, starting symbol and length. In addition, PUSCH mapping type may be fixed in the specification, e.g., Type B, or configured as part of resource allocation in time domain. 
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[bookmark: _Ref7183622]Figure 2. MsgA PRACH and PUSCH in same or different slots
Proposal 2
· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.
· Time domain resource allocation of an MsgA PUSCH occasion includes slot offset, configuration period, starting symbol and length.

As shown in the Figure 2, certain guard period may need to be reserved at the end of MsgA PUSCH transmission. For cell edge UEs without uplink synchronization, this guard period can be used to ensure MsgA PUSCH transmission within slot boundary and to avoid inter-symbol interference to other UL transmission. Note that this can be realized by configuring a shorter duration of MsgA PUSCH occasion by taking into account the guard period, i.e., MsgA PUSCH transmission is not across slot boundary. Alternatively, UE may determine the transmission duration of MsgA PUSCH based on configured length and guard period.  
For some PRACH formats, e.g., format 2, repetition is applied for the transmission of PRACH preamble, which is mainly employed for coverage enhancement. As presented in our companion contribution [4], large MCL gap between MsgA PRACH and PUSCH can be observed when PRACH format 0 is employed and MsgA PUSCH is used to carry relatively large payload. In order to match the coverage level of PRACH, it may be more desirable to consider repetition for MsgA PUSCH transmission. In particular, the repetition level can be configured as part of MsgA PUSCH occasion configuration. 
Proposal 3
· Guard period needs to be reserved for MsgA PUSCH transmission.   
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble. 

For frequency domain resource allocation of MsgA PUSCH occasion, similar to the RAR UL grant of scheduling Msg3 in 4-step RACH, indication on whether frequency hopping is enabled/disabled, and starting PRB and length of PRBs can be configured by SIB. In addition, in case when intra-slot frequency hopping is enabled, frequency offset may be explicitly configured, which allows gNB to flexibly allocate the resource for transmission of other UL signals/channels in the system bandwidth. 
In case when payload size carried by MsgA PUSCH is relatively small, it may be more desirable to allocate the MsgA PUSCH occasion within associated PRACH occasion BW, which may help save signaling overhead of frequency domain resource allocation and enable coherent decoding of MsgA PUSCH. More specifically, gNB may first detect the PRACH and subsequently decode the PUSCH based on the estimated channel from PRACH. 
As discussed in our companion contribution [4], when 56-bits payload is carried by MsgA PUSCH, the number of PRBs can be relatively small, e.g., 1, 2 or 3 PRBs with appropriate MCS, which may fit into PRACH transmission BW. In this case, only a few bits are needed to indicate the MsgA PUSCH occasion resource in frequency. 
Proposal 4
· Frequency domain resource allocation of an MsgA PUSCH occasion includes enabling/disabling frequency hopping, starting PRB and length of PRBs and frequency offset if frequency hopping is enabled. 

Numerology 
As agreed in the RAN1#96bis meeting, when PRACH and PUSCH in MsgA are in different slots, the numerology for MsgA PUSCH follows the numerology configured for the UL BWP [1]. Note that as mentioned above, it is beneficial to support MsgA PRACH and PUSCH in a same slot for certain applications, e.g., for NR-U or low latency application. In this case, one straightforward option is to employ the same numerology for the transmission of PRACH and PUSCH in MsgA. This can help avoid the time gap due to numerology switching at UE side and thereby reduce the number of LBT attempts for 2-step RACH. 
Proposal 5
· When MsgA PRACH and PUSCH are in the same slot, the numerology for MsgA PUSCH follows that of MsgA preamble. 

Configuration of PUSCH occasion
As agreed in the RAN1#96bis meeting, one or more PUSCH occasions can be configured within an MsgA PUSCH configuration period [1]. Note that different MsgA PUSCH occasions may be targeted for different applications and use cases, e.g., one MsgA PUSCH occasion can be used to carry user data and another MsgA PUSCH occasion may be used to carry small payload. 
As illustrated in Figure 3, separate preamble indexes in a RACH occasion or separate RACH occasions may be used to indicate the corresponding MCS or TBS for the transmission of MsgA PUSCH, or MsgA PUSCH occasion. This is beneficial in term of gNB receiver complexity due to the fact that blind decoding of MCS or TBS may be avoided. However, this may also depend on the number of supported MCSs or TBSs for 2-step RACH. As discussed in our companion contribution, when the number of supported MCS or TBS for 2-step RACH is relatively large, it may be desirable to embed UCI on MsgA PUSCH transmission, where the UCI may be used to indicate the MCS or TBS of corresponding MsgA PUSCH transmission [2].
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[bookmark: _Ref7350888][bookmark: _GoBack]Figure 3. Preamble resource partitioning to indicate PUSCH occasions
For different MsgA PUSCH occasions which are targeted for different MCSs or TBSs, the required coverage status may be different. For instance, for cell edge UE, it may be more desirable to assign MsgA PUSCH with small number of PRBs and MsgA PUSCH can be used to carry relatively small payload size due to the coverage limitation. On the other hand, for cell center UE with good channel condition, it may be possible for MsgA PUSCH to carry relatively large payload for 2-step RACH, e.g., user data packet. Similar to Group A and B for conventional 4-step RACH procedure, channel quality based criterion may be considered in order for an UE to select appropriate MsgA PUSCH occasion configured with one MCS or TBS. 
Based on the discussions above, for an MsgA PUSCH occasion, the following parameters may be configured:
· An MsgA PUSCH occasion ID
· Time/frequency resource allocation
· MCS
· Power control related parameters
· Association with RACH occasion and preamble 
Proposal 6
· For an MsgA PUSCH occasion, the following parameters are configured.
· An MsgA PUSCH occasion ID, time/frequency resource allocation, MCS, power control related parameters, and association with PRACH occasion and preamble.

Association between MsgA PRACH and PUSCH 
PUSCH resource unit 
As agreed in the RAN1#96bis meeting, PUSCH resource unit is defined as PUSCH occasion and DMRS port / DMRS sequence used for an MsgA payload transmission. It is further study whether to support only one or both of DMRS port / DMRS sequence [1]. The main motivation of considering DMRS AP or sequence as a part of MsgA PUSCH resource is to increase overall capacity of MsgA in 2-step RACH by employing NOMA operations. In this case, multiple UEs may transmit the MsgA PUSCH in a shared physical resource using distinct DMRS APs or sequences. 
It should be noted that DMRS sequence generation mechanism for MsgA PUSCH should follow Rel-15. For CP-OFDM waveform, PN sequence is employed for the DMRS sequence generation for PUSCH transmission, which leads to quasi-orthogonal property if distinct initialization seeds are applied for the generation of DMRS sequence, e.g., based on preamble index. From reception perspective, this may result in channel estimation performance degradation, and thus overall decoding performance loss of MsgA when multiple users transmit the MsgA PUSCH in the same physical resource. 
Similar issue can be expected when DFT-s-OFDM waveform is configured for MsgA PUSCH transmission, where different root sequence for DMRS sequence may not be desirable in term of overall decoding performance. In our view, DMRS sequence should not be considered as a part of MsgA PUSCH resource. Hence, MsgA PUSCH resource unit is defined as the PUSCH occasion and DMRS AP.
Further, depending on amount of resource allocated for MsgA PUSCH transmission and gNB receiver implementation, it may be more appropriate to configure the number of DMRS APs for MsgA PUSCH transmission. For instance, if interference cancellation type of receiver is not implemented at gNB side, single DMRS AP may be configured for the transmission of MsgA PUSCH for 2-step RACH. 
Proposal 7
· PUSCH resource unit is defined as the PUSCH occasion and DMRS AP. 
· The number of DMRS APs for MsgA PUSCH can be configured. 

Association between preamble and PUSCH resource unit 
At the RAN1#96bis meeting, it was agreed as working assumption to at least support one to one and many to one mapping between PRACH preambles and associated PUSCH resource unit [1]. Note that in case when dedicated ROs are configured for 2-step RACH, total number of preambles for MsgA PRACH can be 64. For MsgA PUSCH, the maximum number of resource units can be 12 within one PUSCH occasion. If only one to one mapping between preamble and PUSCH resource unit is supported, this indicates that 6 MsgA PUSCH occasions need to be allocated for 2-step RACH operation, which is not desirable due to substantial resource overhead reserved for MsgA PUSCH. 
To reduce reserved resource overhead for MsgA PUSCH, many to one mapping can be supported between preamble and MsgA PUSCH resource unit. One of the potential issues for many to one mapping is the DMRS AP collision when multiple UEs transmit different preamble sequences which are mapped to a same DMRS AP. However, under certain scenarios, e.g., when same numerology is applied for MsgA PRACH and PUSCH, and when PUSCH is located within associated PRACH transmission bandwidth, PRACH preamble can be used for channel estimation of MsgA PUSCH. In this regards, even for the case of DMRS AP collision, gNB may still be able to decode MsgA PUSCH for 2-step RACH. As presented in our companion contribution [4], it can be observed that when multiple preamble indexes are mapped to a single DMRS AP, decent performance results can still be achieved even in case of DMRS AP collision. 
Based on the discussions above, given the benefit of reducing resource overhead for MsgA PUSCH, the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit can be confirmed. However, support of one to many mapping may not be needed given the fact that the capacity bottleneck in MsgA is mainly from PUSCH, instead of PRACH preamble. Further, substantial resource overhead can be expected if one to many mapping is supported for 2-step RACH. 
Proposal 8
· Confirm the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit. 
· One to many mapping is not supported.

MsgA Tx beam selection
At the RAN1#96bis meeting, several options were identified for MsgA Tx beam selection as follows [1]:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
Among these options, option 3 may not work for RRC_IDLE mode UEs as gNB may not be able to control the Tx beam of MsgA PRACH and PUSCH. For option 2, when MsgA PRACH and PUSCH are transmitted continuously in a same slot, it may not be possible for UE to switch Tx beam in between due to beam switching time. Further, as mentioned above, under certain scenarios when PUSCH is located within associated PRACH transmission bandwidth, coherent decoding using PRACH based channel estimation is more desirable in order to support many to one mapping between preamble and PUSCH resource unit. Towards this end, same Tx beam for the transmission of PRACH preamble and MsgA PUSCH is needed to enable coherent decoding. 
When using a same Tx beam, PRACH and associated MsgA PUSCH in the first step of 2-step RACH are associated with a same SSB or CSI-RS resource if configured. For instance, for initial access, gNB can apply the same beam for PRACH detection and MsgA PUSCH decoding. In this case, same beam association rule between RACH occasion and SSB is defined for associated MsgA PUSCH occasion.
Proposal 9
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 

Scrambling initialization of MsgA PUSCH
In NR Rel-15, initialization seed for scrambling sequence generation for PUSCH transmission is defined as 

where  is the RNTI associated with PUSCH transmission, which corresponds to C-RNTI or TC-RNTI. 
For RRC_IDLE UEs, TC-RNTI or C-RNTI is not available when initiating 2-step RACH procedure. If both one to one and many to one mapping between preamble and PUSCH resource unit are supported, this indicates that multiple PRACH occasions or multiple PRACH preambles can be associated with one PUSCH occasion. In order to allow gNB to successfully decode MsgA PUSCHs from different UEs in a shared MsgA PUSCH occasion, the scrambling sequence for the MsgA PUSCH transmission should be distinct from different UEs. Towards this end, RA-RNTI and preamble index for the associated PRACH transmission can be employed for initialization of scrambling sequence for MsgA PUSCH. 
Proposal 10
· RA-RNTI and preamble index for associated PRACH transmission is applied for initialization of scrambling sequence for MsgA PUSCH.

Conclusions
In this contribution, we discussed channel structure for 2-step RACH, with primary focus on channel structure of MsgA, and association between MsgA PRACH and PUSCH. Further, we summarize the proposals as follows:
Proposal 1
· PUSCH occasions are separately configured from PRACH occasions.
· MsgA PUSCH configuration period can be different from PRACH configuration period. 
Proposal 2
· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.
· Time domain resource allocation of an MsgA PUSCH occasion includes slot offset, configuration period, starting symbol and length.
Proposal 3
· Guard period needs to be reserved for MsgA PUSCH transmission.   
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble. 
Proposal 4
· Frequency domain resource allocation of an MsgA PUSCH occasion includes enabling/disabling frequency hopping, starting PRB and length of PRBs and frequency offset if frequency hopping is enabled. 
Proposal 5
· When MsgA PRACH and PUSCH are in the same slot, the numerology for MsgA PUSCH follows that of MsgA preamble. 
Proposal 6
· For an MsgA PUSCH occasion, the following parameters are configured.
· An MsgA PUSCH occasion ID, time/frequency resource allocation, MCS, power control related parameters, and association with PRACH occasion and preamble.
Proposal 7
· PUSCH resource unit is defined as the PUSCH occasion and DMRS AP. 
· The number of DMRS APs for MsgA PUSCH can be configured. 
Proposal 8
· Confirm the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit. 
· One to many mapping is not supported.
Proposal 9
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
Proposal 10
· RA-RNTI and preamble index for associated PRACH transmission is applied for initialization of scrambling sequence for MsgA PUSCH.
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