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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 RAN1#98 meetings: 
· RO configuration for 2-step RACH including requirements, PRACH configuration table and preamble format; some issues for separate ROs and shared RO configuration.
· The reception of MsgB including CORESET/CSS configuration, MsgA response window and MsgB feedback.

2-step RACH 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
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In the RAN1-97 and RAN1-98 meetings, the following agreements were reached:
	Agreements:
· MsgA shall support all the preamble formats specified for NR release 15.
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.


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 1: 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 2: 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.
PRACH configuration table and preamble format for 2-step RACH
According to the above agreements, there are two options to configure the relation of PRACH resources between 2-step and 4-step RACH, such as separate ROs and shared RO but separate preambles. 2-step RACH at least reuses the 4-step RACH configuration tables, it was FFS that whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed. 
From the theoretical analysis, for separate ROs solution, the ROs for 4-step RACH and 2-step RACH are non-overlapped, it is benefit to define an additional PRACH configuration for 2-step RACH considering the characteristic of 2-step RACH, e.g. lower latency, TDMed PRACH and PUSCH resource configuration, but it requires more time to finalize the table, which increases the standard work load. From this perspective, we prefer that only 4-step RACH configuration tables can be used for 2-step RACH in release15, that means neither extended PRACH configuration tables nor new PRACH configuration tables are needed, additional PRACH configurations for 2-step RACH can be further studied as an optimised solution in the further release if there is available time.
Proposal 3: Neither extended PRACH configuration tables nor new PRACH configuration tables are needed for 2-step RACH, additional PRACH configurations can be further studied as an optimised solution in the further release if there is available time.
According to the agreements from RAN1-97, MsgA shall support all the preamble formats specified for NR release15. Considering that both separate ROs option and shared RO option are supported for 2-step RACH, which depends on the flexible configuration by the NW. Different preamble formats can have different time domain length and different frequency domain bandwidth. 
· For the shared RO case, it is nature that the preamble format and the power control parameter used for 4-step RACH should be the same as that used for 2-step RACH to avoid the interference and reduce the NW’ implementation complexity. 
· For the separate RO case, according to the agreements from the last meeting, the preamble performance of 2-step RACH and 4-step can be different, and the different preamble formats can influence the preamble performance. From RAN1’ perspective, it can be beneficial to allow UE to switch to 4-step RACH due to the differentiation of the preamble performance. Therefore, the preamble format may be individually configured for 2-step RACH due to the non-overlapped ROs resource configuration, which means the same or different preamble formats and the power control parameters from 4-step RACH can be configured for 2-step RACH.
Proposal 4: For the separate ROs case, the individual preamble format can be configured for 2-step RACH. 
RO configurations for 2-step RACH
Separate ROs configuration
In our views, separate 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 separate 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 separate 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 separate ROs configuration case.
Shared RO 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, which reduces the flexibility of PRACH configuration for 4-step RACH. 
· If a subset of the 4-step ROs can be shared by 2-step RACH, there is no influence for 4-step PRACH configuration, the issue is how to indicate the shared ROs for 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. 
Therefore, the frame structure and the time gap requirement between PRACH and PUSCH of MsgA transmission should be considered for 2-step RACH RO configuration. From the above analyse, we support a subset of 4-step RACH ROs can be shared with 2-step RACH, but the signalling overhead, the implementation complexity and the latency should be considered when considering the indicating solution. So we propose that:
Proposal 6: Support a subset of 4-step RACH ROs can be shared with 2-step RACH. The signalling overhead, the implementation complexity and the latency should be considered.
Considering that the design of 2-step RACH should not influence the legacy 4-step UEs, which means the compatibility issues should be avoided as far as possible. Therefore, for the separate ROs configuration case, when there is overlap between the ROs configured for 2-step RACH and the ROs configured for 4-step RACH, 2-step UEs should resume the corresponding ROs invalid for 2-step RACH.
Proposal 7: 2-step UEs should resume the corresponding ROs invalid for 2-step RACH if there is overlap between the ROs configured for 2-step RACH and the ROs configured for 4-step RACH.
2-step RACH response 
CORESET/CSS configuration for the reception of MsgB
In Rel15, at least in the case of initial access, CSS for RAR is configured in RACH configuration in initial active DL BWP via SIB1. Besides, RAR CORESET for CSS is configurable, which can be the same or different from CORESET0, and if it isn’t configured, the CORESET0 is used. 
Different CORESET/CSS configurations can be used to distinguish the Msg2 in 4-step RACH and MsgB in 2-step RACH, but the configured CORESET/CSS needs some resources, from the perspective of resource, it is not benefit. However, from the perspective of configuration’s flexibility, we think the CORESET/CSS for 2-step RACH should be configurable, which can be up to the NW’s implementation based on the resource. If they are configured explicitly, configured CORESET/CSS should be used, otherwise, there are the following options to determine the CORESET/CSS for 2-step RACH:
· Option1: Use CORESET0 and CSS for 4-step RACH
· Option2: Reuse CORESET/CSS for 4-step RACH
Separated CORESET/CSS can be used to distinguish response message between 2-step RACH UE and 4-step RACH UE, but it will increase the signalling overhead. In Rel15, for initial access, the CORESET for RAR can be configured different from CORESET0, and the configured CORESET is confined within the bandwidth of CORESET0. Since RB numbering for the transmitted PDCCH starts from the lowest RB of the corresponding CORESET, if CORESET for 4-step RACH is configured explicitly and the lowest RB of the corresponding CORESET is different from that of CORESET0, then the transmitted PDCCH location based on CORESET0 can be different from the PDCCH location that based on CORESET for 4-step RACH even though the same CSS is used, which can reduce the confliction of PDCCH resource. Therefore, we prefer that the CORESET0 and CSS configuration for 4-step RACH are used if CORESET/CSS for 2-step RACH are not provided explicitly. Certainly, whether separated CORESET/CSS configuration can be up to eNB.
Proposal 8: At least in the case of initial access, individual CORESET/CSS can be configured for 2-step RACH. Default CORESET0 and 4-step RACH Type1-PDCCH CSS set can be used for 2-step RACH if they are not provided.
MsgA response window
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 9: 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.	
MsgB feedback
HARQ-ACK response
During the RAN1 discussion in RAN1#98, the following issue was discussed:
FFS: HARQ-ACK response can include:
· Alt 1: ACK only
· Alt 2: ACK or NACK
In 4-step RACH procedure, the NW may schedule multiple occasions of Msg4 within the contention resolution window. For CCCH message in Msg3, only ACK is allowed to send back to the NW by a UE that completes contention resolution successfully. In 2-step RACH procedure, if a UE fails decoding the PDSCH of the MsgB, it is not able to determine whether its response is included in the MsgB nor determine the PUCCH resource of the HARQ feedback, it is impossible for the UE to send NACK. Unless the indication of PUCCH resource is derived only based on PDCCH and explicit UE ID is also indicated in the PDCCH, the UE can send NACK when the UE success decoding the PDCCH but fails decoding the PDSCH of the MsgB, which would need more signalling overhead, it is not desired since UE ID has been included in the contention resolution ID.
Therefore, we prefer only ACK as the HARQ-ACK response for MsgB is allowed to send back to the gNB by a UE that completes contention resolution successfully similar to 4-step RACH.
Proposal 10: Only ACK as the HARQ-ACK response for MsgB is allowed to send back to the gNB by a UE that completes contention resolution successfully.
Indication of PUCCH resource for HARQ-ACK feedback
In RAN1#98 online/offline discussion and email discussion after RAN1#98, various options related to HARQ-ACK feedback of MsgB were discussed:
· Option 1/1a: Explicit PUCCH resource signaling in the DCI based on the DCI start CCE/ Reuse 1bit “DAI” indication, UEs determines a PUCCH resource based on the explicit indicator for PRI and/or PDSCH-to-HARQ feedback timing indicator in the PDCCH scheduling MsgB.
· Option 2/2a: Explicit PUCCH resource signaling in the MsgB PDSCH based on the DCI start CCE/ Reuse 1bit “DAI” indication, UEs determines a PUCCH resource based on the explicit indicator for PRI and/or PDSCH-to-HARQ feedback timing indicator in the MsgB PDSCH.
· Option 3/3a: Implicit PUCCH resource signaling based on the DCI start CCE/ Reuse 1bit “DAI” indication, the first UE determines a PUCCH resource based on the PRI and PDSCH-to-HARQ feedback timing indicator in the PDCCH scheduling MsgB, other UEs implicit derivation the PUCCH resource based on position order of UE within MAC PDU.
· Option 4: Implicit PUCCH resource signaling in the MsgB PDSCH based on the DCI start CCE, PDSCH-to-HARQ feedback timing indicator and PRI are common to all UEs. UEs unique determine the PUCCH resource based on the PRI, PDSCH-to-HARQ feedback timing indicator and C-RNTI.
· Option 5: Explicit PUCCH resource signalling in the MsgB PDSCH based on DCI start CCE, PRI and PDSCH-to-HARQ feedback timing indicator are indicated separately for each UE in PDSCH of MsgB.
In the 4-step RACH procedure, a UE transmits HARQ-ACK feedback for Msg4 on a PUCCH resource from the PUCCH resource set signalled in SIB1. The UE determines the PUCCH resource based on the PRI field in the DCI scheduling Msg4, and the starting CCE index of the corresponding PDCCH and additional feedback timing indicator through parameter PDSCH-to-HARQ.
Compared among these options, Option 3 reuses the resource determination method of HARQ-ACK feedback for the first UE, other UEs need to determine their PUCCH resources based on an implicit derivation rule. We prefer Option3, it has the least overhead in DCI which is more important for a DCI design.
Proposal 11: Implicit PUCCH resource signaling based on DCI start CCE, PRI and PDSCH-to-HARQ_feedback timing indicator is used to indicate the PUCCH resource for HARQ-ACK feedback. The first UE determines a PUCCH resource based on the PRI and PDSCH-to-HARQ_feedback timing indicator in the DCI, other UEs implicit derivation the PUCCH resource based on position order of UE within MAC PDU.
Proposal
In this contribution, we have the following proposals:
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 1: The maximum time gap between PRACH and PUSCH should be further discussed to meet the latency requirement for 2-step RACH.
Proposal 2: 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 3: Neither extended PRACH configuration tables nor new PRACH configuration tables are needed for 2-step RACH, additional PRACH configuration can be further studied as an optimised solution in the further release if there are available time.
Proposal 4: For the separate ROs case, the individual preamble format can be configured for 2-step RACH. 
Proposal 5: RA-RNTI enhancement should be considered for the reception of MsgA response to support the separate ROs configuration case.
Proposal 6: Support a subset of 4-step RACH ROs can be shared with 2-step RACH. The signalling overhead, the implementation complexity and the latency should be considered.
Proposal 7: 2-step UEs should resume the corresponding ROs invalid for 2-step RACH if there is overlap between the ROs configured for 2-step RACH and the ROs configured for 4-step RACH.
Proposal 8: At least in the case of initial access, individual CORESET/CSS can be configured for 2-step RACH. Default CORESET0 and 4-step RACH Type1-PDCCH CSS set can be used for 2-step RACH if they are not provided.
Proposal 9: 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 10: Only ACK as the HARQ-ACK response for MsgB is allowed to send back to the gNB by a UE that completes contention resolution successfully.
Proposal 11: Implicit PUCCH resource signaling based on DCI start CCE, PRI and PDSCH-to-HARQ_feedback timing indicator is used to indicate the PUCCH resource for HARQ-ACK feedback. The first UE determines a PUCCH resource based on the PRI and PDSCH-to-HARQ_feedback timing indicator in the DCI, other UEs implicit derivation the PUCCH resource based on position order of UE within MAC PDU.
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