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1 Introduction
The following agreements have been reached regarding 2-step RACH in RAN2 [1], [2], [3]:

RAN2#102:

1:	Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2:	4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3: 	We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

[bookmark: _GoBack]RAN2-AH-1807:

Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

RAN2#103:

RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA.


In this contribution, we study the 2-step RACH procedure in more detail, highlighting some areas where there are differences compared to the legacy 4-step random access procedure in Rel-15 and proposing some solutions to support the 2-step RACH procedure.
2 Discussion
2.1 Scope
As discussed in our previous contribution for RAN2#103 [4], we think that 2-step RACH can be applied to other features than NR-U such as NOMA and URLLC and therefore should be developed as a general procedure.
Proposal 1: 2-Step RACH is regarded as a general procedure that could be applicable to features other than NR-U such as NOMA and URLLC.
[bookmark: _Ref525029576]2.2 Initial model and notation
We assume that the baseline for the 2-step RACH is the 4-step RACH procedure illustrated in Figure 1.
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[bookmark: _Ref524701131]Figure 1: 4-step RACH procedure

The basic principle of 2-step RACH is that the UE transmits Msg1 and Msg3 together, and the network transmits Msg2 and Msg4 together, as illustrated in Figure 2.
Proposal 2: As an initial model, for the 2-step RACH, RAN2 assumes that the information in Msg1 and Msg3 in legacy 4-step RACH are transmitted together by the UE and the information in Msg2 and Msg4 are transmitted together by the network.
To differentiate between the new 2-step RACH and the legacy 4-step RACH, we suggest to use the notation of MsgA for the first step in the 2-step RACH procedure, i.e. the combined Msg1 and Msg3 transmission. Similarly, we use the notation of MsgB for the second step in the 2-step RACH procedure. 
Proposal 3: MsgA is used to denote the transmission in the first step and MsgB is used to denote the transmission in the second step of the 2-step RACH procedure.
For the MsgA transmission, we assume that, similar to legacy PRACH, such transmission can take place when the UE does not have a valid Timing Advance. This assumption needs to be confirmed by RAN1. 
Proposal 4: RAN2 assumes that the MsgA transmission can be performed when the UE does not have a valid Timing Advance (to be confirmed by RAN1).
After the UE transmits MsgA, a timer has to be started by the UE while it is waiting for MsgB from the network, similar to the ra-ResponseWindow and ra-ContentionResolutionTimer for Msg2 and Msg4 in 4-step RACH respectively. We propose to call this timer ra-MsgBWindow in 2-step RACH.
Proposal 5: The time window to monitor MsgB response in 2-step RACH procedure is called the ra-MsgBWindow.
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[bookmark: _Ref524707533]Figure 2: 2-step RACH procedure
2.3 Information carried within MsgA
Following the legacy 4-step RACH principles, MsgA can be assumed to contain the RA preamble and the UE identity (either in a CCCH SDU or in a MAC CE).
On the other hand, the transmission details of MsgA, such as the physical channel(s) used or the actual encoding of the message in the physical layer, can be discussed and decided by RAN1 and is out of the scope of RAN2 discussions.
Proposal 6: RAN2 assumes that MsgA consists of a RA preamble and a TB part that contains a UE identity similar to the Msg1 and Msg3 contents in legacy 4-step RACH. The actual transmission details of MsgA are decided by RAN1.
We also note that, MsgA should uniquely identify the UE that has initiated the RACH procedure so that the contention can be resolved just by the transmission of MsgB without requiring further messaging between the UE and the network.
Proposal 7: For 2-step RACH, MsgA uniquely identifies the UE to the network.
2.4 HARQ for MsgA
In legacy 4-step RACH procedure, HARQ is not applicable to Msg1 (RA preamble). This is because Msg1 does not contain a TB, therefore there is no possibility of soft-combining.
On the other hand, HARQ is applicable for Msg3, and a fixed HARQ process id 0 is assigned to Msg3. Note that multiple UEs could be transmitting Msg3 using the same UL grant, because the contention has not been resolved yet when Msg3 is transmitted. The UEs that have transmitted on the same PRACH occasion with the same preamble index would transmit and retransmit Msg3 using the same UL grant. However, if a single UE in poor coverage has transmitted Msg1 and Msg3 (i.e. no contention case), HARQ retransmissions give the network a chance to recover Msg3 by soft combining. HARQ can also be useful if there are multiple UEs in poor coverage. In this case the UE with the best radio conditions may benefit from HARQ.
In 2-step RACH, “Msg3” data (CCCH SDU, MAC CE, etc.) will be carried in MsgA, most likely in a TB. Whether HARQ is applicable for MsgA or not depends on the reliability and latency targets for the MsgA transmission. In order to achieve similar performance targets as Msg3, HARQ for the TB part of MsgA may need to be supported.
In one error scenario, the preamble part of MsgA could be correctly received by the network, however the TB part may not be decoded. In this case, the UE transmitting the MsgA cannot be uniquely identified and the RA procedure cannot be completed, however the network could still request the retransmission of the TB part of MsgA. This case is similar to sending a HARQ NACK for Msg3 in 4-step RACH. This scenario could also be regarded as falling back from 2-step RACH to 4-step RACH.
The possible solutions for MsgA HARQ discussed above are illustrated in Figure 3 and Figure 4 below.
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[bookmark: _Ref525732635]Figure 3 Example scenario for HARQ retransmission for MsgA (HARQ feedback provided by DCI)
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[bookmark: _Ref525732643]Figure 4 Example scenario for HARQ retransmission for MsgA (HARQ feedback provided by MsgB)

Proposal 8: To improve the reliability of MsgA transmission, HARQ for TB part of MsgA should be supported. 
Proposal 9: If the preamble in MsgA is detected but the TB part of MsgA could not be successfully decoded by the network, the network may choose to request more retransmissions of TB part of MsgA or fall back to the 4-step RACH procedure. Falling back to the 4-step RACH should be the baseline.
As for Msg3 in legacy 4-step RACH, we suggest to use a fixed HARQ process ID of 0 for MsgA.
Proposal 10: As for Msg3 in legacy 4-step RACH, the HARQ process ID for MsgA is fixed to 0.
2.5 Information carried within MsgB
For MsgB, we assume the existing RAR payload could be used as the starting point. We note that:
· Timing Advance Command field should be present and should only be processed by UEs for which the RA is successful (RAPID in RAR matches the preamble index transmitted by the UE) as in the baseline.
· The RNTI field should be present, however it should contain the C-RNTI value instead of TC-RNTI, as the contention resolution could be performed in parallel with RAR processing by the UE in 2-step RA procedure. The UE for which the contention resolution is successful should set the C-RNTI value to the one received in the RAR.
Proposal 11: For the 2-step RACH, MsgB may carry Timing Advance Command and C-RNTI.
In legacy 4-step RACH, Msg4 can be sent stand-alone (early contention resolution) or together with a (DL) RRC message. We assume that the same principle would apply to 2-step RACH.
Proposal 12: For the 2-step RACH, MsgB can be sent without an RRC message (early contention resolution) or with an RRC message.
2.6 Multiplexing and addressing for MsgB
In legacy 4-step RACH, Msg2 is addressed to RA-RNTI, which is a function of the PRACH occasion. Msg2 may contain RAR or BI information for multiple UEs. Depending on the scenario, Msg4 is either addressed to TC-RNTI (assigned in Msg2) or C-RNTI (if the UE already had C-RNTI before the RA procedure was triggered) and is sent for a single UE.
For 2-step RACH, the following options can be discussed:
1. MsgB always contains information only for a single UE as Msg4 in 4-step RACH:
In this option MsgB is always addressed to C-RNTI or another unique UE RNTI that the UE has included in MsgA. For example, if C-RNTI was not available when the RA procedure was triggered, the UE could randomly select a temporary UE RNTI (TU-RNTI) from a pool and include it in MsgA. The probability of multiple UEs selecting the same TU-RNTI could be low by setting a large pool size. A separate MsgB is transmitted for each UE, which can increase the number of messages transmitted by the network in the second step.

2. MsgB may contain information for multiple UEs and addressed to RA-RNTI as Msg2 in 4-step RACH:
In this option MsgB is always addressed to RA-RNTI as Msg2 in 4-step RACH. The number of messages transmitted by the network in the second step is reduced, however the size of MsgB can become too large if many UEs are attempting the RA in the same PRACH occasion. It is possible to mitigate this effect by transmitting multiple MsgB’s separately for a group of UEs, for example a first MsgB can be sent for UE1 and UE2, whereas a second MsgB can be sent for UE3 and UE4, and both MsgB’s could be addressed to the same RA-RNTI. A UE can continue monitoring PDCCH for RA-RNTI as long as RA procedure is not completed with the ra-MsgBWindow.

3. MsgB may contain information for a single UE or multiple UEs depending on the scenario:
In this option, MsgB can be addressed to C-RNTI or another unique UE RNTI that the UE has included in MsgA if one was available. If a unique UE RNTI was not available, MsgB is addressed to the RA-RNTI. It may still be possible to transmit multiple MsgB’s addressed to the same RA-RNTI if the MsgB size gets too large, as explained in option 2 above. Note that a new UE generated RNTI such as TU-RNTI is not needed in this option. The network could have the flexibility to select whether to address the MsgB response for UEs that already have the C-RNTI to either the C-RNTI or the RA-RNTI, for example in order to combine the response with those for other UEs that do not have C-RNTI.


We think that Option 3 provides maximum flexibility to support various random access scenarios and therefore should be adopted by RAN2.

Some example scenarios with Option 3 are illustrated in Figure 5, Figure 6, and Figure 7 below.
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[bookmark: _Ref525733892]Figure 5 Example scenario when a unique UE RNTI (e.g. C-RNTI) was available before the RA procedure
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[bookmark: _Ref525733899]Figure 6 Example scenario when a unique UE RNTI (e.g. C-RNTI) was not available before the RA procedure
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[bookmark: _Ref525733929]Figure 7 Example scenario when MsgB is sent for multiple UEs and is partitioned
Proposal 13: If C-RNTI or another unique UE RNTI was available when the RA procedure was triggered, MsgB may be addressed to C-RNTI or the unique UE RNTI and contains information for a single UE. Otherwise, MsgB is addressed to RA-RNTI and may contain information for multiple UEs.
Proposal 14: The network may transmit MsgB in multiple MAC PDUs sharing the same RA-RNTI if the MsgB size is too large to transmit in a single MAC PDU. A UE that has not successfully completed the RA procedure continues monitoring the PDCCH for RA-RNTI until the ra-MsgBWindow expires.
2.7 HARQ for MsgB
In 4-step RACH, HARQ is not applicable to Msg2. This is because Msg2 may contain information for multiple UEs, and network may have difficulty evaluating different HARQ feedback from multiple UEs.  However, UE transmits HARQ ACK if the contention resolution is successful after Msg4.
For 2-step RACH, when MsgB is addressed to C-RNTI or another unique UE RNTI (as in options 1 and 3 above), the UE can transmit HARQ ACK to indicate that the contention resolution has been successful.
When MsgB is addressed to RA-RNTI and contains information for multiple UEs (as in options 2 and 3the HARQ ACK can also be used to indicate successful contention resolution. The feedback can be in the form of an explicit message (such as a new MAC CE or partial replay of Msg4 contents) transmitted by the UE.
We propose that, similar to Msg4 in 4-step RACH, HARQ should be supported to indicate successful contention resolution to the network. This is illustrated in Figure 8 below.
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[bookmark: _Ref525734553]Figure 8 Example scenario for HARQ feedback for MsgB on successful contention resolution
Proposal 15:  As for Msg4 in legacy 4-step RACH, HARQ ACK for MsgB is used to indicate successful contention resolution to the network.

3 Conclusion
We have the following proposals on the 2-step RACH procedure within this contribution:
Proposal 1: 2-Step RACH is regarded as a general procedure that could be applicable to features other than NR-U such as NOMA and URLLC.
Proposal 2: As an initial model, for the 2-step RACH, RAN2 assumes that the information in Msg1 and Msg3 in legacy 4-step RACH are transmitted together by the UE and the information in Msg2 and Msg4 are transmitted together by the network.
Proposal 3: MsgA is used to denote the transmission in the first step and MsgB is used to denote the transmission in the second step of the 2-step RACH procedure.
Proposal 4: RAN2 assumes that the MsgA transmission can be performed when the UE does not have a valid Timing Advance (to be confirmed by RAN1).
Proposal 5: The time window to monitor MsgB response in 2-step RACH procedure is called the ra-MsgBWindow.
Proposal 6: RAN2 assumes that MsgA consists of a RA preamble and a TB part that contains a UE identity similar to the Msg1 and Msg3 contents in legacy 4-step RACH. The actual transmission details of MsgA are decided by RAN1.
Proposal 7: For 2-step RACH, MsgA uniquely identifies the UE to the network.
Proposal 8: To improve the reliability of MsgA transmission, HARQ for TB part of MsgA should be supported. 
Proposal 9: If the preamble in MsgA is detected but the TB part of MsgA could not be successfully decoded by the network, the network may choose to request more retransmissions of TB part of MsgA or fall back to the 4-step RACH procedure. Falling back to the 4-step RACH should be the baseline.
Proposal 10: As for Msg3 in legacy 4-step RACH, the HARQ process ID for MsgA is fixed to 0.
Proposal 11: For the 2-step RACH, MsgB may carry Timing Advance Command and C-RNTI.
Proposal 12: For the 2-step RACH, MsgB can be sent without an RRC message (early contention resolution) or with an RRC message.
Proposal 13: If C-RNTI or another unique UE RNTI was available when the RA procedure was triggered, MsgB may be addressed to C-RNTI or the unique UE RNTI and contains information for a single UE. Otherwise, MsgB is addressed to RA-RNTI and may contain information for multiple UEs.
Proposal 14: The network may transmit MsgB in multiple MAC PDUs sharing the same RA-RNTI if the MsgB size is too large to transmit in a single MAC PDU. A UE that has not successfully completed the RA procedure continues monitoring the PDCCH for RA-RNTI until the ra-MsgBWindow expires.
Proposal 15:  As for Msg4 in legacy 4-step RACH, HARQ ACK for MsgB is used to indicate successful contention resolution to the network.
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