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Introduction
In this contribution, some issues on 2-step RACH are discussed, including CORESET/CSS configuration for 2-step RACH, MsgA response window, contention resolution, fall back to 4-step RACH. 
2-step RACH Response window
CORESET/CSS configuration for 2-step RACH
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. For the connected state, it is possible for gNB not to configure RACH related configuration in UE’s configured UL/DL BWP, then UE should switch to the initial active UL/DL BWP for RACH procedure.
In our understanding, from the perspective of configuration’s flexibility, the CORESET/CSS for 2-step RACH should be configurable. 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.
Proposal1: 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
During the last meeting, some potential offline proposals on MsgA response window are made from RAN1: 
	[bookmark: _Hlk5744465]MsgB For the MsgA response window starts after the end of the PUSCH transmission. further study the following options (for possible down-selection or combination(s) of the options)
· Option 1: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB MsgA response after the end of MsgA PUSCH.
· Option 2: Window starts after an offset after the end of MsgA PUSCH
· [bookmark: _Hlk5760727]Option 2a: Offset is configurable
· FFS: Impact of LBT
· Option 2b: Offset fixed in the specification.
· Option 3: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB MsgA response after an offset after the end of MsgA PUSCH
· Option 3a: Offset is configurable
· Option 3b: Offset is fixed in the specification.
· Option 4: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB MsgA response after the end of MsgA PRACH.
FFS: Fall back
FFS: MsgA response, e.g. MsgB, Msg2


Furthermore, some agreements have been reached in the last meeting from RAN2:
	Agreements:
1. Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
2. The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback. 
3. If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB.  FFS for other conditions.  


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.
Proposal2: Individual RACH Response window can be configured for 2-step RACH. The same RAR window size for 4-step RACH can be used for 2-step RACH if it is not provided.
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 also be one symbol, which can be fixed in the specification, and the symbol duration corresponds to the SCS for Type1-PDCCH CSS set for 2-step RACH. 


Figure1 Response window for MsgA response message reception
Proposal3: 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 one symbol which is fixed in the specification.	
MsgB and Contention resolution
· MsgB
During the offline discussion in the last meeting, there are some potential options on MsgB content and MsgB transmission as follows [2]:
	In response to MsgA transmission, gNB can transmit:
· Option 1: MsgB if MsgA is successfully decoded, and RAR (Msg2-like) if MsgA’s preamble is detected but data is not decoded.
· [bookmark: _Hlk5738051]Option 1.1: RAR of Msg1 and MsgA can be combined in a single message.
· Option 1.2: RAR of Msg1 and RAR of MsgA are in separate messages.
· Option 2: MsgB which can contain RAR and/or contention resolution.

For MsgB content further study with possible down selection or combination the following options:
· Option 1: Combined PDSCH MsgB that may contain the for random access response (Msg2 like content) and the contention resolution and other messages (Msg4 like content)
· Separate PDSCH for 4-step RAR and 2-step MsgB
· FFS: other messages included or not
· Option 2: Separate PDSCH MsgB for random access response (Msg2 like content) and separate PDSCH for contention resolution and other messages (Msg4 like content).
· Option 2.1: A single PDSCH can contain RAR for 4-step and 2-step RACH users, and another PDSCH can contain MsgB contention resolution and other messages.
· [bookmark: _Hlk5763409]Option 2.2: Separate PDSCH can contain 4-step RACH RAR and another PDSCH can contain 2-step RACH RAR and another PDSCH can contain MsgB contention resolution and other messages.
· FFS: Other messages included on not


In Rel15 4-step RACH, Random Access Response message can be a successful response, which indicates UE to transmit Msg3 according to the UL grant in RAR if the RAPID in MAC sub header matches with the transmitted preamble index. In addition, Random Access Response message can also be a back off response, which indicates UE to perform another RACH procedure after the backoff time if Backoff Indicator is contained in the MAC sub header. 
In our understanding, one of the functions of MsgB is to resolve the contention. So MsgB can be a successful response, when both PRACH and PUSCH payload are decoded successfully, gNB will send MsgB for contention resolution, and at least UE ID should be included in MsgB in this case. In addition, MsgB can be a fallback response, when only PRACH is detected successfully, gNB can send MsgB to indicate UE fall back to 4-step RACH to retransmit the payload of MsgA using the UL grant in response message. Furthermore, MsgB can also be a back off response message which only contains Backoff Indicator in the MAC sub header. Some mechanism should be specified to distinguish these different response messages, which can depend on RAN2’s discussion.
Proposal4: In response to MsgA transmission, gNB can transmit MsgB which may contain RAR, Backoff Indicator and/or contention resolution.
On the other hand, as has been specified in the 2-step RACH WID that the content of MsgB is equivalent to the content of Msg2 and Msg4 for the 4-step RACH. When gNB sends MsgB for contention resolution, it is reasonable to contain random access response (Msg2 like content) and the contention resolution and other messages in a single PDSCH. Separate PDSCH for random access response, the contention resolution and other messages can increase the delay of decoding the PDSCH for contention resolution from the RAN1’s perspective. Certainly, the detail of MsgB design depends on RAN2’s determination.
Proposal5: Support a single PDSCH that contains the random access response (Msg2 like content) and the contention resolution and other messages (Msg4 like content).
· Contention resolution
For 4-step RACH, at least in the initial access, CCCH SDU is included in Msg3, contention resolution can be done by Contention Resolution Identity MAC CE as Msg4. Msg4 is the first 48 bits of the UL CCCH SDU, and at least UE ID is included for contention resolution. For 2-step RACH, since UE ID is carried in the payload of MsgA, when the detections of both preamble and payload are successful, gNB will sent MsgB for contention resolution, so at least UE ID should be included in MsgB. Furthermore, in this case, UE has no valid C-RNTI and TA before transmitting MsgA, so TC-RNTI and TA command should be included in MsgB, the detail of MsgB design depends on RAN2’s determination.


       
Figure2. UE Contention Resolution Identity MAC CE and MAC RAR SDU in 4-step RACH
Proposal6: Support that the contention resolution ID included in msgB is used for the contention resolution for the case when CCCH SDU is included in msgA. TC-RNTI and TA command should be also included in MsgB.
On the other hand, in the RRC_CONNECTED state, for 4-step RACH, C-RNTI is included in Msg3 and UE has got TA via Msg2 reception addressed PDCCH by RA-RNTI. In this case, contention resolution can be done by detecting a PDCCH with CRC scrambled by C-RNTI, which can contain a UL grant or a DL assignment for a new transmission.
For 2-step RACH, in the case of C-RNTI included in MsgA, after a UE transmits MsgA, gNB can transmit MsgB as a successful response, a fallback response or a backoff response, the following options for contention resolution can be considered:
· Option1: PDCCH addressed to C-RNTI.
· Option 2: C-RNTI included in MsgB.
For option1, the UE should monitor both the PDCCH scheduled by C-RNTI and the RA-RNTI for 2-step RACH. If the PDCCH scheduled by C-RNTI is detected before the end of MsgA-response window, the UE should stop the monitoring of RA-RNTI and consider the contention resolution successful. If 2-step RACH is triggered in the case of UL non-synchronisation, TA command should be sent to UE in this case. If it is triggered for UL data arrival, UL grant can also be sent to UE simultaneously.
For option2, after a UE transmits MsgA, the C-RNTI will be echoed back in MsgB as contention resolution ID if both preamble and payload are decoded successfully. Once the UE detect the corresponding C-RNTI in MsgB, the UE consider the contention resolution successful.
Considering that one of motivations for 2-step RACH is to reduce latency, we prefer option1, it is aligned with legacy 4-step RACH, and it can also provide a lower latency.
Proposal7: Support that PDCCH with CRC scrambled by C-RNTI is used for contention resolution for the case when C-RNTI is included in msgA, and TA command should be sent to the UE in the case of UL non-synchronisation.
Fallback
In case of 2-step RACH, UE transmits MsgA including preamble in PRACH and payload in PUSCH. There are these 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.


Figure3 Successful MsgB reception
· 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 with the payload retransmission using the UL grant in response message, similar to the Msg3 transmission in 4-step RACH.


Figure4. Successful detection of preamble, but failure decoding of payload
· 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 cannot receive any response message addressed by the RNTI specified for MsgA response reception, or UE receives a response message addressed by the specified RNTI for MsgA response reception 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.


Figure5. Neither the preamble nor the payload in MsgA is detected successfully
Proposal8: Fallback to 4-step RACH should be supported in this case:
Case: Successful detection of preamble, but failure decoding of payload.
· UE may perform payload retransmission using the UL grant in response message.
Proposal9: The maximum number of MsgA retransmission should be restricted.
Proposal
In this contribution, we have the following proposals:
Proposal1: 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.
Proposal2: Individual RACH Response window can be configured for 2-step RACH. The same RAR window size for 4-step RACH can be used for 2-step RACH if it is not provided.
Proposal3: 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 one symbol which is fixed in the specification.
Proposal4: In response to MsgA transmission, gNB can transmit MsgB which may contain RAR, Backoff Indicator and/or contention resolution.
Proposal5: Support a single PDSCH that contains the random access response (Msg2 like content) and the contention resolution and other messages (Msg4 like content).
Proposal6: Support that the contention resolution ID included in msgB is used for the contention resolution for the case when CCCH SDU is included in msgA. TC-RNTI and TA command should be also included in MsgB.
Proposal7: Support that PDCCH with CRC scrambled by C-RNTI is used for contention resolution for the case when C-RNTI is included in msgA, and TA command should be sent to the UE in the case of UL non-synchronisation.
Proposal8: Fallback to 4-step RACH should be supported in this case:
Case: Successful detection of preamble, but failure decoding of payload.
· UE may perform payload retransmission using the UL grant in response message.
Proposal9: The maximum number of MsgA retransmission should be restricted.
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