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Introduction
In this contribution, the remaining issues on 2-step RACH procedure are discussed based on the agreements from 3GPP RAN1#97 and RAN2#106 meeting: 
· 2-step RACH resource configuration
· 2-step RACH MsgA response 
· Fallback to 4-step RACH
2-step random access resource configuration
In RAN1 #96b, the following agreements were reached in relation to PRACH resources between 2-step and 4-step RACH.
	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


[bookmark: _Hlk525646118]PRACH configuration table for 2-step RACH
In NR Release15, for 4-step RACH, a RO is defined as the time-frequency resource for PRACH transmission. For the time-domain resource, a pre-defined PRACH configuration table is used to indicate all time-domain ROs, RACH period can be 10ms, 20ms, 40ms, 80ms and 160ms, the RACH period and time-domain RO location can be implicitly indicated by the PRACH configuration index.
It isn’t clear whether or not the PRACH configuration table for 4-step RACH can be reused for 2-step RACH. In our views, separated ROs can be TDMed, FDMed or TDMed+FDMed with that configured for 4-step RACH, as shown in Figure1. Different RO configurations can be indicated by higher layer parameter prach-ConfigurationIndex, msg1-FrequencyStart, msg1-FDM. Considering that one of the motivations for supporting 2-step RACH is to reduce latency, and short RACH period may be more suitable for 2-step RACH which can be indicated by prach-ConfigurationIndex. Moreover, since “only reuse the Rel-15 NR PRACH Preambles design” is captured in the WID, it seems that no new PRACH formats are needed, and the PRACH duration shouldn’t be changed. So, it is enough to use the same PRACH configuration table for both 2-step and 4-step RACH, which can reduce the standard work. 
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Figure1 ROs for 2-step RACH and 4-step RACH
Proposal 1: Reuse the existing PRACH configuration tables for 2-step RACH, which can reduce the spec impact.
RACH resource configuration for 2-step RACH
In NR Release15, RACH resource includes time-domain resource, frequency-domain resource and code-domain resource. In time domain, all time-domain ROs can be identified by the prach-ConfigurationIndex. In frequency domain, multiple continuous frequency-multiplexed ROs on the same time-domain RO are supported in NR, which are determined by the higher layer parameters msg1-FrequencyStart, msg1-FDM. The first RO starts from the lowest frequency which is indicated by higher-layer parameter msg1-FrequencyStart, and the total number of frequency-multiplexed ROs are indicated by higher-layer parameter msg1-FDM and numbered in increasing order  in the frequency domain. In code domain, the preamble sequence is generated according to the higher layer parameter prach-RootSequenceIndex, restrictedSetConfig, zeroCorrelationZoneConfig.
RO configuration requirements for 2-step RACH
Considering that flexible frame structure is supported in NR, a slot format can be a DL slot, a UL slot, or a slot that includes downlink symbols, uplink symbols and flexible symbols. The NW can configure M UL slots within a slot configuration period followed by N DL slots in the next slot configuration period as shown in figure2, in our views, this slot configuration may hinder configuring PRACH and associated PUSCH for 2-step RACH. 
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Figure2 The flexible frame structure in NR
Observation 1: For certain slot configuration, the last UL slots within one period will be followed by DL slots in the next period, which may hinder configuring PRACH and PUSCH for 2-step RACH.
For 4-step RACH, the RO can occupy the last N OFDM symbols in a slot depending on the RRC configuration. In 2-step RACH, PRACH and PUSCH of MsgA transmission are TDMed, whether to support PRACH and PUSCH transmission in the same slot is still FFS, and no any conclusions are reached on the time gap requirement between PRACH and PUSCH transmission. If a UE isn’t allowed to transmit PRACH and PUSCH in the same slot, for the case that a UL slot or UL symbols is followed by one or more DL slot(s), and it is possible no UL resources meet the time gap requirements for PUSCH configuration, that means this UL slot or UL symbols cannot be configured for 2-step RACH.
For example, assuming that the slot configuration period is 10ms, and the first three slots are configured as DL slot and the last three slots are configured as UL slot via SI. For the PRACH configuration index 78 in the FR1 unpaired spectrum case, the preamble format is A1, PRACH configuration period is 10ms, PRACH slot is slot9 assuming 15 kHz subcarrier spacing, starting symbol is 7 and 3 ROs are available, as shown in figure3. If a UE isn’t allowed to transmit PRACH and PUSCH in the same slot, for the ROs in slot9, the earliest available UL resources for PUSCH configuration start from slot7 in the next radio frame, the smallest time gap between RO and the available UL resources is 7 slots. Therefore, whether these UL resources can be configured for 2-step RACH depends on the maximum time gap requirements between PRACH and PUSCH of MsgA transmission, which should be further discussed.
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Figure3 time domain RO configuration
Proposal 2: The maximum time gap between PRACH and PUSCH should be further discussed to meet the latency requirement for 2-step RACH.
Therefore, the flexible frame structure and the time gap requirements between PRACH and PUSCH of MsgA transmission should be considered when configuring ROs for 2-step RACH.
Proposal 3: The frame structure and the time gap requirements between PRACH and PUSCH of MsgA transmission should be considered when configuring ROs for 2-step RACH.
Moreover, both separated ROs and shared RO are supported, from our perspective, for separated ROs, it can be realized via higher layer parameters prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM. For shared RO, it isn’t clear that whether all ROs configured for 4-step RACH are shared by 2-step RACH or only a subset of the 4-step ROs are shared by 2-step RACH. If all ROs are shared, the same prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM should be configured for 2-step RACH or default RO configuration for 4-step RACH is used for 2-step RACH. If a subset of the ROs are shared, it can also be realized via configuring the different prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM up to the NW’s configuration.
Considering the unified design and the flexible RO configuration, prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM should be individually configured for 4-step RACH and 2-step RACH. So, we propose that:
Proposal 4: Support flexible RO configuration option1 and option2, where prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM should be individually configured for 2-step RACH.
Separated ROs configuration
In our views, separated ROs can be realized via different parameter configuration, such as prach-ConfigurationIndex, msg1-FrequencyStart, msg1-FDM, which can make the configured ROs non-overlapped with that for 4-step RACH. For the reception of MsgA response, it hasn’t been excluded that the response message can be scheduled via a PDCCH addressed by RA-RNTI (RA-RNTI or new RA-RNTI). In theory, if separated ROs are configured for 2-step RACH, because ROs are non-overlapped with that for 4-step RACH, the NW can distinguish a 4-step UE or a 2-step UE. However, according to the existing RA-RNTI formula:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id 
Where f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), in our understanding, it is a relative value. When ROs for 2-step are configured FDMed with ROs for 4-step RACH via different msg1-FrequencyStart, msg1-FDM, for the first RO for 2-step RACH and the first RO for 4-step RACH, as shown in figure4, the RA-RNTI calculated based on the legacy RA-RNTI formula is the same, in this case, 2-step UE and 4-step UE cannot distinguish the response message if no enhancement is performed.
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Figure4 FDMed ROs for 2-step RACH and 4-step RACH
There are two alternations to solve this issue:
· Alt1：The total number of frequency-multiplexing ROs are limited in 8, that means the sum of the msg1-FDM for 2-step RACH and msg1-FDM for 4-step RACH cannot exceed 8, and the f_id of the first RO for 2-step RACH starts from msg1-FDM for 4-step RACH, the f_id of other ROs are numbered in increasing order.
· Alt2: RA-RNTI is enhanced specially for 2-step RACH, which is independent of 4-step RACH configuration. Enhanced RA-RNTI can also be applied in shared RO case, how to design the new RA-RNTI can be further discussed.
For alt1, the existing RA-RNTI formula can be reused, but it isn’t flexible, RA-RNTI calculation depends on the parameter msg1-FDM for 4-step RACH, and the number of frequency-multiplexing ROs for 2-step and for 4-step RACH is limited. 
For alt2, it is also a solution to distinguish the response message for 2-step RACH and 4-step RACH. In shared RO case, the 4-step legacy UEs should operate regardless of RAN1 decisions on 2-step RACH that means the legacy UEs need to be ensured not to decode MsgA response. Some solutions including enhanced RA-RNTI and an indicator via L1/L2/L3 signaling have been proposed in RAN2, but the compatibility issue needs to be further discussed if the latter is considered. However, no compatibility issue is expected to happen if specified RA-RNTI for 2-step RACH is adopted, and it can be used for both separated ROs and shared RO cases. 
Based on the above analysis, we prefer alt2.
Proposal 5: RA-RNTI enhancement should be considered for the reception of MsgA response to support the option of separated ROs configuration.
Shared ROs configuration
Based on the above analysis, the flexible frame structure and the time gap requirements between PRACH and PUSCH of MsgA transmission should be considered when configuring ROs for 2-step RACH. If all ROs for 4-step RACH are required to share by 2-step RACH, in the associated PRACH configuration table, perhaps only a part of configurations on prach-ConfigurationIndex can be used based both 4-step and 2-step RACH. If a subset of the 4-step ROs can be shared by 2-step RACH, one solution is the NW explicitly indicates the shared ROs, which needs high signalling overhead; another solution is the 2-step UEs determine the shared ROs according to the frame structure and the time gap requirement between PRACH and PUSCH of MsgA transmission, which increases the UE’s power consumption and the implementation complexity. So we propose that:
Proposal 6: The signalling overhead, the implementation complexity and the latency should be considered when only a subset of the 4-step ROs are shared by 2-step RACH.
2-step RACH response 
MsgA response window
For 2-step RACH, once the preamble and payload are transmitted, the UE should monitor the PDCCH of response message within the 2-step RACH Response window. In our understanding, 2-step RACH Response window size should be configurable, the same window size for 4-step RACH can be used for 2-step RACH if it is not provided.
Proposal 7: Individual RACH Response window should be configured for 2-step RACH. The same RAR window size for 4-step RACH should be used for 2-step RACH if it is not configured.
Since gNB should not only detect preamble but also decode PUSCH for 2-step RACH, it is natural that the response window should start after the PUSCH in MsgA. In addition, considering that UE needs some time to switch from transmission to reception, it is reasonable that a minimum time gap should be needed for UE before starting the response window. In LTE, three subframes are needed after the end of the preamble transmission, and in NR for 4-step RACH, at least one symbol is needed after the last symbol of the PRACH occasion corresponding to the PRACH transmission. Hence, similar to 4-step RACH, the minimum time gap can be fixed in the specification. 
Proposal 8: 2-step RACH Response window should start in the first symbol of the earliest CORESET configured for UE to receive PDCCH of MsgA response after an offset after the end of MsgA PUSCH, the offset can be fixed in the specification.	
Fallback
In case of 2-step RACH, UE transmits MsgA including preamble in PRACH and payload in PUSCH. There are multiple detection results for gNB:
· Case1: Both the preamble and the payload of PUSCH in MsgA are detected successfully.
· In this case, it is unnecessary fallback to 4-step RACH, gNB can send MsgB with UE ID as the response to resolve the contention.
· Case2: The detection for the payload of PUSCH is failure, the detection for the preamble is successful.
· In this case, gNB can indicate UE fallback to 4-step RACH, UE can retransmit the payload using the UL grant in response message, similar to the Msg3 transmission in 4-step RACH.
· Case3: Neither the preamble nor the payload of PUSCH in MsgA is detected successfully, gNB cannot send any response for this MsgA transmission during the MsgA response window:
· In this case, UE can either receive no response message addressed by the RNTI specified for MsgA response reception, or receive a response message but RAPID/Contention Resolution Identity in the response message don’t match with the transmitted preamble index/UE identity, the UE should consider the MsgA response reception not successful, and UE may perform retransmission attempt of msgA including preamble and payload transmission. Similar to 4-step RACH, the maximum number of MsgA retransmission should be restricted.
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Figure5. The preamble and the payload transmission of MsgA
Proposal 9: to Fallback 4-step RACH should be supported in the following case:
· Successful detection of preamble, but failure decoding of payload.
· UE may perform payload retransmission using the UL grant in response message.
Proposal 10: The maximum number of MsgA retransmission should be restricted.
Proposal
In this contribution, we have the following proposals:
Proposal 1: Reuse the existing PRACH configuration tables for 2-step RACH, which can reduce the spec impact.
Observation 1: For certain slot configuration, the last UL slots within one period will be followed by DL slots in the next period, which may hinder configuring PRACH and PUSCH for 2-step RACH.
Proposal 2: The maximum time gap between PRACH and associated PUSCH should be further discussed to meet the latency requirement for 2-step RACH.
Proposal 3: The frame structure and the time gap requirements between PRACH and PUSCH of MsgA transmission should be considered when configuring ROs for 2-step RACH.
Proposal 4: Support flexible RO configuration option1 and option2, where prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM should be individually configured for 2-step RACH.
Proposal 5: RA-RNTI enhancement should be considered for the reception of MsgA response to support the option of separated ROs configuration.
Proposal 6: The signalling overhead, the implementation complexity and the latency should be considered when only a subset of the 4-step ROs are shared by 2-step RACH.
Proposal 7: Individual RACH Response window should be configured for 2-step RACH. The same RAR window size for 4-step RACH should be used for 2-step RACH if it is not configured.
Proposal 8: 2-step RACH Response window should start in the first symbol of the earliest CORESET configured for UE to receive PDCCH of MsgA response after an offset after the end of MsgA PUSCH, the offset can be fixed in the specification.
Proposal 9: to Fallback 4-step RACH should be supported in the following case:
·  Successful detection of preamble, but failure decoding of payload.
· UE may perform payload retransmission using the UL grant in response message.
Proposal 10: The maximum number of MsgA retransmission should be restricted.
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