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Introduction
In the RAN1#96bis meeting [1], the following agreements were made.
Agreements:
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:
· 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.
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

Also, in the RAN2#106 meeting [2], the following agreements were made.
	Agreements
1. From RAN2 perspective, 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states.  FFS if radio quality is used for 2-step RACH selection. 
1. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
1. FFS whether the UE can fallback to 4-step RACH after certain time.  Ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same.  
1. For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI) 
1. Contention resolution:
4. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.
4. If the corresponding fallback RAR is detected, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI for success response and process the fallback operation accordingly.
4. If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the response window, the UE should consider the msgA attempt failed and do back off operation based on the backoff indicator if received in MsgB.
4. FFS if a new MAC CE with 12bits Timing Advanced Command shall be introduced
1. For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   
1. For CCCH, for success or fallback RAR MsgB can multiplex messages for multiple UEs.  FFS if we can multiplex SRB RRC messages of multiple UEs.  
1. Network response to msgA (i.e. msgB/msg2) can include the following: 
7. SuccessRAR 
7. FallbackRAR
7. Backoff Indication
FFS: format of successRAR and whether successRAR is split into more than one message and format of fallbackRAR and whether legacy msg2 can be reused for fallbackRAR
1. Proposal 10: The following fields can be included in the successRAR when CCCH message is included in msgA.
8. Contention resolution ID
8. C-RNTI
8. TA command
1. Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
1. FallbackRAR should contain the following fields
10. RAPID
10. UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 
10. TC-RNTI
10. TA command
1.  From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
1. The UE will monitor for response message using the single msgB agreed window
1. MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU




In this contribution, we discuss the 2-step RACH procedure including HARQ for MsgB, fallback, power control, and beam selection. This contribution is revision of R1-1906831.

Discussion
HARQ for MsgB
In Rel-15 NR, HARQ operation is supported for Msg4, while HARQ operation is not supported for Msg2. To keep coverage of Msg4-like message (SuccessRAR), it would be better to support HARQ operation in SuccessRAR, to ensure correct MsgB reception.
If MsgB contains information for a single UE, it would be easy to support HARQ because both fields of PUCCH resource indication and PDSCH-to-HARQ feedback timing indication in MsgB PDCCH could be easily reused. On the other hand, we need to consider further in the case that MsgB contains information for multiple UEs, because no mechanism to indicate HARQ feedback resource for multiple UEs is specified so far. This issue is under discussion in RAN2.
Proposal 1: HARQ operation should be supported for MsgB at least when MsgB contains information for a single UE.

Fallback procedure
It is envisaged that when 2-step RACH procedure fails, the UE should revert to 4-step RACH procedure. When a UE initiates a 2-step RACH procedure, one of the following can happen at the gNB:
(A) [bookmark: _Hlk16517596]The gNB detects the PRACH preamble of MsgA and does or cannot successfully decode the PUSCH contents of MsgA.
(B) The gNB does not detect the PRACH preamble and consequently does not decode the PUSCH contained in Msg A.

Case (A): The gNB detects the PRACH preamble of MsgA and does or cannot successfully decode the PUSCH contents of MsgA
[bookmark: _Hlk16517407]In this case, UE doesn’t know whether successRAR, fallbackRAR, or backoff indication would be transmitted from the gNB within the reception window. By detecting/receiving a response type (successRAR, fallbackRAR, or backoff indication) according to the recognition mechanism, the UE would be aware of whether its initiated 2-step RACH procedure has failed or succeeded.
Observation 1: Recognition mechanism of successRAR or fallbackRAR should be considered.
The format/contents of successRAR, fallbackRAR, and backoff indication are different, so the UE can recognize which one is transmitted from gNB after decoding PDSCH. However, decoding of PDSCH without knowing the message format can increase complexity as well as latency. It is desirable that the UE should be aware of some aspects of the response type from the PDCCH so as to ease decoding of the PDSCH and to enable HARQ operation for MsgB. Taking PDCCH blind decoding burden into consideration, using a RNTI for the DCI that schedules the successRAR that is different from RA-RNTI is therefore desirable. 
Proposal 2: RNTI for successRAR should be different from RA-RNTI.
· SuccessRAR use new RNTI for 2-step RACH.
· FallbackRAR and backoff indication use RA-RNTI.
SuccessRAR is transmitted from gNB when msgA PUSCH transmitted from UE is successfully decoded. In that sense, gNB knows information of msgA PUSCH resource unit. By using the information of msgA PUSCH resource unit, RNTI for successRAR which is different from RA-RNTI could be generated. UE can recognize that msgA PUSCH is successfully received by gNB if this RNTI is used in the response message to the transmitted msgA.
Proposal 3: RNTI for successRAR should be derived based on time-frequency resources of msgA and the DMRS port/sequence of transmitted msgA PUSCH.
As the above discussion, since RNTI should be used to distinguish msgB response type, we don’t see motivation to have the additional mechanism to distinguish msgB response type (e.g. use different CORESET/search space to distinguish 2-step and 4-step RACH). In addition, the mandate to have new CORESET/PDCCH CSS for 2-step RACH results in increasing PDCCH monitoring complexity as well as increasing overhead of reserved CORESET for 2-step RACH. Therefore, dedicated CORESET/PDCCH CSS set configuration for 2-step RACH should not be mandated. Note that it is up to network choice to configure new CORESET/PDCCH CSS set for 2-step RACH. Moreover, connected mode UE shall monitor the PDCCH addressed to C-RNTI for success response as in RAN2 agreement, which implies msgB PDCCH could be transmitted on USS.
Proposal 4: Dedicated CORESET and PDCCH CSS set configuration for 2-step RACH should not be mandated.
· 2-step RACH use Type1-PDCCH CSS and 4-step RACH CORESET if dedicated CORESET/PDCCH CSS set configuration for 2-step RACH is not provided.
· For a UE in connected mode, 2-ste RACH use Type1-PDCCH CSS and USS.

Case (B): The gNB does not detect the PRACH preamble and consequently does not decode the PUSCH contained in Msg A
According to the last RAN1#96bis agreement [1], the network may configure shared RACH occasions for use of 4-step and 2-step RACH but in this case, the preambles used for 2-step and 4-step RACH have to be different. Given the need to maintain backward compatibility with Rel-15 UEs for which the set of CBRA preambles is already known, it is not appropriate to use any 4-step RACH CBRA preambles for 2-step RACH. Since the use of any CFRA preamble has to be configured for Rel15 UEs, some of these preambles can be configured for use as CBRA preambles for 2-step RACH without causing any backward compatibility issues with Rel15 UEs. If this is done, then there would be fewer CBRA preambles for 2-step than for 4-step RACH. Accordingly, when the network configures sharing of RACH occasions between 2-step and 4-step RACH, the collision performance for 2-step RACH CBRA preambles will be worse than that of 4-step RACH CBRA preambles because of the limited number of 2-step RACH CBRA preambles.
Observation 2: Depending on network configuration, the preamble transmission performance for 2-step RACH may be worse than that of 4-step RACH.
In addition to the above observation, since MsgA (PRACH+PUSCH) has to occupy more physical resource compared to PRACH only, MsgA will tend to create more inter-cell interference. In some cases, it would be better to switch from MsgA retransmission to preamble-only retransmission to avoid broad interference caused by MsgA retransmission. Therefore, mechanism to terminate the number of retransmissions of MsgA should be considered.
Proposal 5: Mechanism to limit retransmissions of MsgA and fallback to 4-step RACH should be considered.
There are 2 approaches; 
· (option 1) UE counts the number of MsgA retransmissions, 
· (option 2) UE starts a timer when UE first transmits MsgA. 
If the retransmission counter of MsgA exceeds a configured threshold or the timer expires, UE falls back from 2-step RACH to 4-step RACH then start to transmit Msg1 (preamble-only). The detail design/parameter of this fallback mechanism should be up to RAN2.

Power ramping counter in the case of fallback
In the case of fallback from 2-step to 4-step msg1, 2 options for power ramping counter could be considered; 
a) power ramping counter value is reset, 
b) power ramping counter value is retained. 
If power ramping counter value is reset, UE has to start 4-step preamble transmission from low Tx power. Since it is supposed that gNB cannot detect preamble until received power reaches level of reception sensitivity, it would result in random access latency. Therefore, to avoid unnecessary latency, power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback to 4-step Msg1.
Proposal 6: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback to 4-step Msg1.

Beam selection
In RAN1#96bis meeting [1], for the beam selection aspect, the following 3 options were made.
· 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.
In most cases, UE tends to select the same Tx beam between MsgA PRACH and MsgA PUSCH. On the other hand, in some cases, using different Tx beams between MsgA PRACH and MsgA PUSCH would be beneficial. For example, in a case that PRACH is associated with SSB and PUSCH is associated with CSI-RS, it would make better performance that UE select rough beam for MsgA PRACH transmission and finer beam for MsgA PUSCH transmission. Since using different Tx beams sometimes brings better performance, we think it is not necessary to restrict Tx beam selection. For option 3, since network can control UE not to select wrong Tx beam, neighbour cell interference could be suppressed. However, it is difficult to completely control idle mode and inactive mode UEs. Option 3 could be applied only for connected mode UE.
Proposal 7: For idle mode and inactive mode UEs, the MsgA PRACH and MsgA PUSCH should use same or different Tx spatial filter (beam) up to UE implementation.

Conclusions
In this contribution, based on the above discussion we have the following proposals and observation relating to 2-step RACH procedure:
Proposal 1: HARQ operation should be supported for MsgB at least when MsgB contains information for a single UE.
Observation 1: Recognition mechanism of successRAR or fallbackRAR should be considered.
Proposal 2: RNTI for successRAR should be different from RA-RNTI.
· SuccessRAR use new RNTI for 2-step RACH.
· FallbackRAR and backoff indication use RA-RNTI.
Proposal 3: RNTI for successRAR should be derived based on time-frequency resources of msgA and the DMRS port/sequence of transmitted msgA PUSCH.
Proposal 4: Dedicated CORESET and PDCCH CSS set configuration for 2-step RACH should not be mandated.
· 2-step RACH use Type1-PDCCH CSS and 4-step RACH CORESET if dedicated CORESET/PDCCH CSS set configuration for 2-step RACH is not provided.
· For a UE in connected mode, 2-ste RACH use Type1-PDCCH CSS and USS.
Observation 2: Depending on network configuration, the preamble transmission performance for 2-step RACH may be worse than that of 4-step RACH.
Proposal 5: Mechanism to limit retransmissions of MsgA and fallback to 4-step RACH should be considered.
Proposal 6: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback to 4-step Msg1.
[bookmark: _GoBack]Proposal 7: For idle mode and inactive mode UEs, the MsgA PRACH and MsgA PUSCH should use same or different Tx spatial filter (beam) up to UE implementation.
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