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[bookmark: _Toc502484285]Start of changes
3.2	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1], in TS 36.300 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1] and TS 36.300 [2].
Cell-Defining SSB: an SSB with an RMSI associated.
CORESET#0: the control resource set for at least SIB1 scheduling, can be configured either via MIB or via dedicated RRC signalling.
gNB: node providing NR user plane and control plane protocol terminations towards the UE, and connected via the NG interface to the 5GC.
Intra-system Handover: Handover that does not involve a CN change (EPC or 5GC).
Inter-system Handover: Handover that involves a CN change (EPC or 5GC).
MSG1: preamble transmission of the random access procedure.
MSG3: first scheduled transmission of the random access procedure.
MSGA: preamble and payload transmissions of the 2-step random access procedure.
[bookmark: _Hlk19794464]MSGB: response to MSGA in the 2-step random access procedure. MSGB may consist of response(s) for contention resolution, fallback indication(s), and backoff indication.
ng-eNB: node providing E-UTRA user plane and control plane protocol terminations towards the UE, and connected via the NG interface to the 5GC.
NG-C: control plane interface between NG-RAN and 5GC.
NG-U: user plane interface between NG-RAN and 5GC.
NG-RAN node: either a gNB or an ng-eNB.
Numerology: corresponds to one subcarrier spacing in the frequency domain. By scaling a reference subcarrier spacing by an integer N, different numerologies can be defined.
Xn: network interface between NG-RAN nodes.
Next change
[bookmark: _Toc12623280]9.2.6	Random Access Procedure
The random access procedure is triggered by a number of events:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
-	UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
-	SR failure;
-	Request by RRC upon synchronous reconfiguration (e.g. handover);
-	Transition from RRC_INACTIVE;
-	To establish time alignment for a secondary TAG;
-	Request for Other SI (see clause 7.3);
NOTE:	MSG1 based request for other SI is not supported with 2-step random access.
-	Beam failure recovery.
Three Furthermore, the random access procedure takes two distinct formstypes of random access procedure are supported: A 4-step contention-based random access (CBRA), a 2-step CBRA and contention-free random access (CFRA) as shown on Figure 9.2.6-1 below.: The UE selects the type of random access based on network configuration. An RSRP threshold is used by the UE to select between 2-step CBRA and 4-step CBRA at initiation of the random access procedure.
The MSGA of the 2-step CBRA includes a preamble on PRACH and a payload on PUSCH. After MSGA transmission, the UE monitors for a response from the network within a configured window. If contention resolution is successful upon receiving the network response, the UE ends the random access procedure as shown in Figure 9.2.6-1(b); while if fallback indication is received in MSGB, the UE performs MSG3 transmission and monitors contention resolution as shown in Figure 9.2.6-2. If contention resolution is not successful after MSG3 (re)transmission(s), the UE goes back to MSGA transmission. 
If the 2-step random access procedure is not completed after a number of MSGA transmissions, the UE can be configured to switch to 4-step CBRA procedure.




			
           (a)	4-step CBRA                                (b)	2-step CBRA                                (c) CFRA


			
(a)	Contention-Based											(b)	Contention-Free
Figure 9.2.6-1: Random Access Procedures


Figure 9.2.6-2: Fallback from 2-step CBRA to 4-step CBRA
[bookmark: _Hlk12869205]
For random access in a cell configured with SUL, the network can explicitly signal which carrier to use (UL or SUL). Otherwise, the UE selects the SUL carrier if and only if the measured quality of the DL is lower than a broadcast threshold. UE performs carrier selection before selecting between 2-step and 4-step random access. The RSRP threshold for 2-step and 4-step random access selection can be configured separately for UL and SUL. Once started, all uplink transmissions of the random access procedure remain on the selected carrier.
[bookmark: _Hlk23430958]When CA is configured, 2-step random access is only performed on PCell. For 4-step random access, the first three steps of CBRA always occur on the PCell while contention resolution (step 4) can be cross-scheduled by the PCell. The three steps of a CFRA started on the PCell remain on the PCell. CFRA on SCell can only be initiated by the gNB to establish timing advance for a secondary TAG: the procedure is initiated by the gNB with a PDCCH order (step 0) that is sent on a scheduling cell of an activated SCell of the secondary TAG, preamble transmission (step 1) takes place on the indicated SCell, and Random Access Response (step 2) takes place on PCell.


Annex (not part of the specification): RAN2 Agreements
RAN2#105bis
· Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
· The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback. 
· 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.  
· 2-step RACH is applicable for Msg3 based SI request.
· 2-step RACH is applicable for CB BFR.  FFS for CFRA
RAN2#106
	· From RAN2 perspective, 2-step RACH selection 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. 
· From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
· 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.  
· 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) 
Contention resolution:
a.	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.
b.	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.
c.	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.
d.	FFS if a new MAC CE with 12bits Timing Advanced Command shall be introduced
· For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   
· 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.  
· Network response to msgA (i.e. msgB/msg2) can include the following: 
a.	SuccessRAR 
b.	FallbackRAR
c.	Backoff Indication
[bookmark: _Hlk12350140]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
· The following fields can be included in the successRAR when CCCH message is included in msgA.
a.	Contention resolution ID
b.	C-RNTI
c.	TA command
· Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
· FallbackRAR should contain the following fields
a.	RAPID
b.	UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 
c.	TC-RNTI
d.	TA command
· 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).
· The UE will monitor for response message using the single msgB agreed window
· MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU



RAN2#107
	· RAN2 will use the existing Rel-15 framework for the power ramping suspension
· Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
· successRAR cannot be split into more than one message (i.e.Contention resolution ID will also be included in successRAR).   
· SuccessRAR and fallbackRAR can be multiplexed
· HARQ feedback for msgB would be needed from RAN2 point of view
· The fallback RAR shall be included in the general MsgB format, ie., be able to be multiplexed with the successRAR for 2-step RACH.
· TB size offered in UL grant in the fallback RAR shall be the same as the TB size offered for payload transmission in MsgA; otherwise, the UE behavior is not defined (i.e. it is up to UE implementation).
· RA type selection is performed before beam selection
· No need to reexecute RA selection criteria upon fallback failure (i.e if reception of msg3 fails).  The UE re-transmits using msgA
· If the random access procedure is not successfully completed even after transmitting the msgA 'N' times, UE fallbacks to 4 step RACH procedure i.e. UE only transmits the PRACH preamble.  
· Network can configure the number of times 'N', a UE can attempt to re-transmit msgA during the random access procedure.  
· For MsgA with C-RNTI or CCCH SDU, upon receiving fallbackRAR corresponding to random access preamble transmitted by UE, UE may stop monitoring PDCCH addressed to msgB-RNTI.
· For MsgA with CCCH SDU, if neither fallbackRAR or successRAR is received 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
· RA type selection is NOT left up to UE implementation.  
· If the UE is configured with 2-step RA, the RSRP is above a configurable threshold then the UE shall use the 2-step RA procedure.  
· 2-step RA type selection is done after carrier type selection (UL/SUL).  FFS if we have separate threshold for different carriers (UL/SUL)
· From RAN2 point of view, there is benefits to support 2-step CFRA for HO (dedicated preamble and dedicated PUSCH).
· 2-step CFRA (dedicated preamble and dedicated PUSCH) can be an alternative RACH-less HO.  It is up to the plenary to decide how to handle this and whether we chose to do anything at all.  



RAN2 #107bis
	· The RSRP threshold for 2-step vs 4step CBRA can be configured separately for NUL and SUL.
· Use MSGA buffer to store the MSGA payload in case of 2-step RACH, unless the implementation in the MAC spec it becomes too complex.
· UE monitors the MSGB window regardless of the occurrence of the measurement gap
· The name of the new timing advance command MAC CE is: Absolute Timing Advance Command MAC CE
· Introduce preambles group A and B for 2-step RACH.
· Apply the same selection formulas to select between 2-step preambles group A and B as specified for 4-step in Rel-15. For the purpose of data threshold, ra-MsgASizeGroupA parameter can be introduced.
· Support configuration where fallback from 2-step RA to 4-step RA is not allowed
· TB size offered in UL grant in the Msg2 RAR in 4-step RACH shall be the same as the TB size offered for payload transmission in MsgA in 2-step RACH; otherwise, the UE behavior is not defined (i.e. it is up to UE implementation).  Rebuilding is not supported in the specification (i.e. it is up to UE implementation).
· If switching to 4-step RACH is expected to be supported, then support network configuration where the same TB sizes offered for 2-step RACH preamble groups are the same with those of 4-step RACH preamble groups.  
· No UE specific RNTI will be designed for 2-step RACH in case CCCH SDU was included in MsgA.
· Confirm the Working Assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same MsgB (i.e. same MAC PDU).
· RAN2 will work on specifying a new RA-RNTI design for msgB 
· For 2 step CBRA, RA prioritisation is supported at least for handover and beam failure recovery.
· RA prioritisation for 2 step CBRA is controlled by networkRA prioritisation parameters are separately configured for 2 step CBRA and 4 step CBRA. -ra-Prioritization2Step is optionally added to BeamFailureRecoveryConfig IE and RACH-ConfigDedicated IE.
· 2-step RACH resources can only be configured on SpCell
· The 2-step RACH resources can be configured on a BWP where 4-step CBRA resources are not configured.  In that case we will not have 4-step switch.   
· The PDCCH triggered 2-step CFRA RACH will not be supported in Rel-16
· The 2-step CBRA for SpCell BFR is supported in Rel-16.  
· Legacy UEs are not required to decode msgB
· The 12-bit TA command, 16-bit C-RNTI and 48-bit UE Contention Resolution Identity are included in successRAR MAC subPDU.
· The UE Contention Resolution Identity field should be placed in the payload of the successRAR MAC subPDU. As a baseline, UE Contention Resolution Identity field is in front of the payload of MAC subPDU.
· We will discuss whether we include SFN after NR-U design is completed. 
· As a baseline, the indication for presence of RRC message following the successRAR MAC subPDU is needed. The detailed indication method is FFS.
· For the case of msgB with RRC message, the SRB RRC message is included in a separate MAC subPDU, not inside the successRAR subPDU.
· More than one RRC message for a given UE can be included in msgB (i.e. for re-establishment case).  FFS whether we need to indicate number of RRC messages
· The fallbackRAR MAC subPDU is composed of 12-bit TA command, 16-bit TC-RNTI, 27-bit UL grant, and 6-bit RAPID. The RAPID is in the MAC subheader of fallbackRAR subPDU.
· For NR 2-step RACH, the payload of fallbackRAR MAC subPDU should reuse msg2 RAR format.
· The sub-header should differentiate the different types of MAC subPDU (e.g. fallback, success, backoff).  FFS how to indicate.  
· The MAC subheader for SRB MAC subPDU should use a full LCID field (6-bit)
· The MAC subheader for SRB MAC subPDU should reuse the Rel-15 MAC subheader which supports both 8-bit and 16-bit Length field with additional F indicator field
· As a baseline, the RAPID field is not included in the MAC subheader for successRAR MAC subPDU.
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