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In the contribution, the various MsgB designs for 2-Step RACH are discussed and the pros and cons are lay out. 
MsgB contents
As in the WID [1], the MsgB contents should include the equivalent contents of msg2 and msg4 of 4-step RACH. Based on the RA trigger, the following RRC messages over either CCCH or DCCH SDU and MAC CEs can be part of the contents of MsgB payload (equivalent to Msg4):
	Event
	RA triggers
	MsgB payload contents

	1
	Initial access from RRC_IDLE;
	RRCSetup

	2
	Transition from RRC_INACTIVE;
	RRCResume

	3
	RRC Connection Re-establishment procedure;
	RRCReestablishment

	4
	Msg3 based Request for Other SI
	ContentionResolutionID MAC CE for contention resolution

	5
	Handover;
	C-RNTI needed for contention resolution (whether PDCCH C-RNTI or C-RNTI MAC CE depends on scheduling)

	6
	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
	C-RNTI needed for contention resolution (whether PDCCH C-RNTI or C-RNTI MAC CE depends on scheduling)

	7
	UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
	C-RNTI needed for contention resolution (whether PDCCH C-RNTI or C-RNTI MAC CE depends on scheduling)

	8
	SR failure;
	C-RNTI needed for contention resolution (whether PDCCH C-RNTI or C-RNTI MAC CE depends on scheduling)

	9
	Request by RRC upon synchronous reconfiguration;
	C-RNTI needed for contention resolution (whether PDCCH C-RNTI or C-RNTI MAC CE depends on scheduling)

	10
	Beam failure recovery.
	C-RNTI needed for contention resolution (whether PDCCH C-RNTI or C-RNTI MAC CE depends on scheduling)



For contention resolution in MsgB, the RRC message and the MAC CE in MsgA PUSCH contains UE ID.  The UE ID in MsgA can be one of the following:
· S-TMSI (RRC Setup Request)
· RandomValue (for Attach/TAU and Area update for RAN paging)
· C-RNTI (MAC CE for UE in RRC Connected mode)
· ResumeID (RRC Resume Request)
· ReestabUE-Identity (RRC Reestablishment Request)
In NR, the S-TMSI, RandomValue and ResumeID in the RRC message in MsgA can be echoed back in the UE Contention Resolution Identity MAC control element in MsgB and in the case where there is no RRC message, the C-RNTI in MsgA is sent in the PDCCH in MsgB for contention resolution.  In the RRC Resume and RRC Re-establishment case, the UE ID in MsgA RRC message is also be used for UE context identification. With correct choice of UE ID, the UE ID in MsgA can serve both contention resolution and UE context identification in MsgB.
Observation#1: MsgB should contain at least the UE-ID for contention resolution (i.e. ContentionResolutionID MAC CE and C-RNTI for the connected mode case). Other contents are optional (e.g. the RRC messages and other DL data) in MsgB.
Other MsgB contents are further discussed below.
UL Time Alignment
As mentioned in the WID:
2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
2-step RACH is applicable to any cell size supported in Rel-15 NR;

If 2-Step RACH is initiated without a valid TA, subsequent UL transmissions (after MsgB) should be time aligned so that it does not introduce unnecessary UL interference. Like in RAR, Timing Advance Command is included in the RAR format for this case so that the subsequent UL transmissions are time aligned. Hence UL TA Command should also be included in MsgB

Observation#2: The Timing Advance Command should be included in MsgB for subsequent UL transmission for UL time alignment.
Allocation of C-RNTI for connection setup, resume and re-establishment
In NR, in the case of RRC Setup, Resume and Reestablishment, C-RNTI needs to be allocated to the UE for use in RRC Connected mode. If the random access triggers for 2-Step CBRA are applicable for RRC Setup, Resume and Re-establishment, the same function to allocate the C-RNTI from MAC is also needed in MsgB.
Observation#3: Allocation of Temporary C-RNTI for use by the UE in RRC Connected should be provided in MsgB. 
UL grant
The UL grant is needed to be provided to the UE when the network decides to fallback to 4-Step RACH.  Whether the UL grant is valid to be used depends on the indication in the corresponding RAR. UE will use the UL grant for the subsequent Msg3 transmission in the fallback case.
Observation#4: UL Grant should be included in MsgB for Msg3 transmission when the network decides to fallback to 4-step RACH. 
Proposal#1: The MsgB contents should at least include RAR (which provides TAC, Temporary C-RNTI and UL grant) and Contention Resolution ID/C-RNTI. Other contents are optional (e.g. the RRC messages and other DL data) in MsgB.
Fallback to 4-step RACH
As in [1], typically multiplexing capacity of PRACH is much larger than that of PUSCH transmission. In this case, when multiple UEs initiate 2-step RACH procedure and transmit PUSCHs in a shared time and frequency resource simultaneously (as agreed in RAN1#96, multiple ROs can share the same MsgA PUSCH resource), it is likely that gNB may successfully detect PRACH preambles for the UEs, but fail to decode PUSCH for all UEs except for a subset. The gNB can direct the UE to fallback to 4-step RACH starting from Msg1 or Msg3 or perform 2-step RACH retransmission.
To avoid retransmission of whole MsgA including both PRACH preamble and PUSCH, after successful detection of PRACH preamble, gNB may switch to conventional 4-step RACH procedure. For the fall-back mechanism to work, gNB and UE should maintain a common understanding of 2-step and 4-step RACH in each message.
Indication in L1 or MAC layer can be used to inform to UE whether the message is for 2-step or 4-step RACH. For L1 indication, either a new RA-RNTI dedicated for 2-step RACH or reinterpretation of reserved field in DCI format 1_0 for scheduling RAR can be specified. This mechanism, however, may limit the possibility of multiplexing of RAR of 2-step and 4-step RACH in a single PDSCH transmission (i.e. a RAR PDU cannot multiplex RAR for 2-step RACH and RAR for 4-step RACH for fallback to 4-step RACH case or UE which initiates 4-step RACH). 
One option that allows the flexibility of such multiplexing of RAR in a RAR PDU is to employ fallback indication in the MAC layer, where a reserved bit in RAR message (i.e. RAR format) can be reinterpreted to indicate whether corresponding RAR message is intended for 2-step or 4-step RACH (i.e. whether the UL grant provided in MsgB is valid for fallback to 4-step RACH). 
Proposal#2: The MsgB needs to be able to indicate whether the gNB wants to continue with 2-step RACH procedure or to fallback to 4-step RACH.
MsgB scheduling and reception
Based on the observations and proposals from the previous section, the requirement for the MsgB design is that:
· RAR (containing TC-RNTI, UL grant and  TAC as in legacy)
· Indication of fallback to 4-step
· BackOff Indication (as in legacy)
· Contention resolution and optionally DL RRC message

Proposal#3: The MsgB design should be capable of meeting the following requirement:
· RAR (containing TC-RNTI, UL grant and  TAC as in legacy)
· Indication of fallback to 4-step
· BackOff Indication (as in legacy)
· Contention resolution and optionally DL RRC message

There are the 3 approaches that were proposed for MsgB design:
Approach 1: RAR, fallback indication to 4-step RACH,  BI and Contention resolution are multiplexed in a MAC PDU
Approach 2: RAR, fallback indication to 4-step RACH, BI and Contention resolution are sent in two separate MAC PDU
Approach 2a: RAR, fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while contention resolution and DL RRC message/data is transmitted in the second MAC PDU via C-RNTI/TC-RNTI
Approach 2b: fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while RAR, Contention resolution and DL RRC message/data are transmitted in the second MAC PDU via new UE-specific RNTI/C-RNTI.
Approach 1: RAR, fallback indication to 4-step RACH,  BI and Contention resolution are multiplexed in a MAC PDU. 
In this approach, the RAR PDU can contain either the BI, the fallback RAR as well as for successful Contention Resolution (containing the C-RNTI in the case of RRC Connected or Contention Resolution ID MAC CE in the case of idle/inactive state and re-establishment case).  Optionally it can also include MAC SDU from CCCH/DTCH/DCCH but this can also be provided later once contention resolution is being done.
As new RAR format (potentially for the Contention Resolution RAR) and/or RAR PDU (changes in the subheaders) structure are introduced, differentiation between 2-step RACH and legacy 4-step RACH needs to be made either via different RO, different RA-RNTI computation and different MsgB search space to Msg2 search space.
Also the proponents of this approach does not seem to want to include optional DL RRC message in MsgB, as the MsgB does not support HARQ retransmission.
Approach 2a: RAR, fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while contention resolution and DL RRC message/data UE monitors for the RAR and Contention resolution in a single RA window is transmitted in the second MAC PDU via C-RNTI/TC-RNTI 
In this approach, the UE monitors RA-RNTI during the MsgB reception window. The MsgB basically contains 2 MAC PDUs where the first MAC PDU is the RAR PDU (which can contain the BI and legacy RAR with/without fallback indication) while the second MAC PDU contains the remaining payload of MsgB (e.g. ContentionResolutionID MAC CE and optionally the RRC messages)
Figure 1 illustrates scheduling of MsgB for 2-step RACH. In this alternative, RAR in MsgB of 2-step RACH and RAR of 4-step RACH may be multiplexed in a single RAR PDU. Given that C-RNTI or TC-RNTI is indicated in the RAR, gNB can subsequently schedule the Msg4 (containing the contention resolution ID/PDCCH addressed by C-RNTI and the optional DL RRC message) in a separate MAC PDU via PDCCH using signaled C-RNTI or TC-RNTI. 
[image: ]
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With this approach, there is neither the need to change RA-RNTI computation as with the 4-step RACH nor the need to have different MsgB search space to Msg2 search space, since legacy RAR format is used for fallback as well as the contention resolution case, except that the contention resolution is in a separate MAC PDU as shown above. 
Approach 2b: fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while RAR, Contention resolution and DL RRC message/data are transmitted in the second MAC PDU via new UE-specific RNTI/C-RNTI 
In this approach, upon MsgA transmission, the UE monitors the legacy RA-RNTI in legacy RAR window for BI and fallback RAR, while at the same time also monitors a new RNTI/C-RNTI for MsgB which contain the necessary MAC CEs (i.e. TAC, C-RNTI and contention resolution ID) and optionally DL RRC message in the idle/inactive state and RRC re-establishment case. The starting time for the legacy RAR window and the MsgB reception window may not be the same, as the latter require to be started after the MsgA PUSCH is transmitted.
Since full TAC is needed for MsgB, a new TAC MAC CE that allow for range of time alignment is needed to be introduced.
Comparing the different approaches as follow:
	 
	Pros
	Cons

	Approach 1: RAR, fallback indication to 4-step RACH,  BI and Contention resolution are multiplexed in a MAC PDU
	1. Overall control plane latency reduction is better than Approach 2a as the RAR PDU and Msg4 contents are in 1 PDSCH
1. No gap issue for NR-u
	1) Change in RAR format and/or RAR PDU 
2) Does not allow for HARQ retransmission for MsgB.
3) Need to differentiate between 2-Step and 4-step RACH via either RO/RA-RNTI, preambleID or MsgB search space
4) Optional DL RRC message is not part of MsgB

	Approach 2a: RAR, fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while contention resolution and DL RRC message/data is transmitted in the second MAC PDU via C-RNTI/TC-RNTI
	1. No change in RAR PDU format and RAR PDU 
1. Allow for HARQ retransmission for MsgB
1. 2-Step and 4-step RAR can be in a RAR PDU.
1. Allow optional DL RRC signalling to be included in MsgB
	1) Overall control plane latency reduction is not as good as MAC multiplexing due to the need of gap for UE processing of RAR PDU (to decode the RAR e.g. temporary C-RNTI) in order to decode the Msg4 PDCCH. Also further UE processing delay since Msg4 PDCCH needs to be decoded as well. (Note)


	Approach 2b: fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while RAR, Contention resolution and DL RRC message/data are transmitted in the second MAC PDU via new UE-specific RNTI/C-RNTI
	1. Overall control plane latency reduction is better than Approach 2a as the necessary MAC CEs (i.e. TAC, C-RNTI and contention resolution ID) are in 1 PDSCH
1. No new format for fallback
1. No gap issue for NR-u
1. Allow for HARQ retransmission for MsgB
1. Allow optional DL RRC signalling to be included in MsgB
	1) New UE specific RNTI required for decoding MsgB associated with idle/inactive mode, eating int o the RNTI space.
2) New MAC CE TAC (full TA) is required.
3) Need to monitor both RA-RNTI (of Msg2) and UE-specific RNTI (of MsgB) at the same time. 
4) Starting time of RAR window and MsgB reception window is not the same
5) Depending on how the new UE-specific RNTI is designed, uniqueness may not be guaranteed and may result in collision on the reception of MsgB


Note: The gap between RAR PDU and MAC PDU can be N1 (DL processing time) + L2 processing (for MAC layer to obtain the RAR and corresponding C-RNTI or TC-RNTI). In Rel-15, L2 processing time is defined as 500us and including N1 values for PDSCH processing time for different SCS: For 15kHz subcarrier spacing, the gap can be 8 symbols + 7 symbols ~= 1.1 slots; For 30kHz subcarrier spacing, the gap can be 10 symbols + 1 slot ~= 2 slots.
Proposal#4: RAN2 discuss the pros and cons of each approach based on the table above.
Based on the above comparison table, Approach 2a has less RAN2 specification impact and is more reliable as it uses existing HARQ retransmission for MsgB payload. Therefore is preferable that RAN2 goes with scheduling the RAR PDU and MAC PDU separately over different PDSCH for MsgB.
Proposal#5: Support Approach 2a: RAR, fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while contention resolution and DL RRC message/data UE monitors for the RAR and Contention resolution in a single RA window is transmitted in the second MAC PDU via C-RNTI/TC-RNTI
Conclusions
In this contribution, we discussed the MsgB design and summarize the proposals as follows:
Proposal#1: The MsgB contents should at least include RAR (which provides TAC, Temporary C-RNTI and UL grant) and Contention Resolution ID/C-RNTI. Other contents are optional (e.g. the RRC messages and other DL data) in MsgB.
Proposal#2: The MsgB needs to be able to indicate whether the gNB wants to continue with 2-step RACH procedure or to fallback to 4-step RACH.
Proposal#3: The MsgB design should be capable of meeting the following requirement:
· RAR (containing TC-RNTI, UL grant and  TAC as in legacy)
· Indication of fallback to 4-step
· BackOff Indication (as in legacy)
· Contention resolution and optionally DL RRC message
Proposal#4: RAN2 discuss the pros and cons of each approach based on the table below:
	 
	Pros
	Cons

	Approach 1: RAR, fallback indication to 4-step RACH,  BI and Contention resolution are multiplexed in a MAC PDU
	1) Overall control plane latency reduction is better than Approach 2a as the RAR PDU and Msg4 contents are in 1 PDSCH
2) No gap issue for NR-u
	1) Change in RAR format and/or RAR PDU 
2) Does not allow for HARQ retransmission for MsgB.
3) Need to differentiate between 2-Step and 4-step RACH via either RO/RA-RNTI, preambleID or MsgB search space
4) Optional DL RRC message is not part of MsgB

	Approach 2a: RAR, fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while contention resolution and DL RRC message/data is transmitted in the second MAC PDU via C-RNTI/TC-RNTI
	1) No change in RAR PDU format and RAR PDU 
2) Allow for HARQ retransmission for MsgB
3) 2-Step and 4-step RAR can be in a RAR PDU.
4) Allow optional DL RRC signalling to be included in MsgB
	1) Overall control plane latency reduction is not as good as MAC multiplexing due to the need of gap for UE processing of RAR PDU (to decode the RAR e.g. temporary C-RNTI) in order to decode the Msg4 PDCCH. Also further UE processing delay since Msg4 PDCCH needs to be decoded as well. (Note)


	Approach 2b: fallback indication to 4-step RACH and BI are transmitted in the first MAC PDU via RA-RNTI, while RAR, Contention resolution and DL RRC message/data are transmitted in the second MAC PDU via new UE-specific RNTI/C-RNTI
	1) [bookmark: _GoBack]Overall control plane latency reduction is better than Approach 2a as the necessary MAC CEs (i.e. TAC, C-RNTI and contention resolution ID) are in 1 PDSCH
2) No new format for fallback
3) No gap issue for NR-u
4) Allow for HARQ retransmission for MsgB
5) Allow optional DL RRC signalling to be included in MsgB
	1) New UE specific RNTI required for decoding MsgB associated with idle/inactive mode, eating int o the RNTI space.
2) New MAC CE TAC (full TA) is required.
3) Need to monitor both RA-RNTI (of Msg2) and UE-specific RNTI (of MsgB) at the same time. 
4) Starting time of RAR window and MsgB reception window is not the same
5) Depending on how the new UE-specific RNTI is designed, uniqueness may not be guaranteed and may result in collision on the reception of MsgB
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