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In NR two-step RACH WID, the following objectives have been identified [1]:
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;
2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
Specify contention-based 2-step RACH procedure (RAN2)
Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
Contention resolution for 2-step RACH (RAN2)
Design of RNTI for msgB of 2-step RACH (RAN2)
Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 
In the contribution, we discuss the remaining issue on the RA triggers for 2-step RACH, MsgA contents based on the RA triggers and their payload size, as well as on what the minimum TBS size needed to be supported for 2-step RACH and whether further possible MsgA TBS size can be indicated. 
Triggers of 2-Step RACH
In the WI, it is stated that 2-step RACH is applicable in all RRC states and all triggers for Rel-15 4-step RACH in these states are also applicable to 2-Step RACH except for SI Request and BFR which will require further discussion from RAN2. No new triggers for 2-step RACH should be defined, which include direct data from RRC_IDLE and RRC_INACTIVE and possibly others (e.g. enhancement to BFR reporting). The following is the relevant WI scope supporting this view: 
2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 

For SI request, there are currently 2 types of SI request: a) Msg1 based SI request and b) Msg3 based SI request. a) uses the PRACH resource to indicate the SI requested and the Msg2 RAR is used for the ACK by the network. Hence 2-step RACH is not required by a) Msg1 based SI request. For b), the same PRACH resources as other UE initiated RACH are used and a RRCSIRequest is sent as part of Msg3 which requires contention resolution in Msg4 using the ContentionResolutionID MAC CE based on the SI bitmap is sent in Msg3. Hence Msg3 based SI request will benefit from 2-step RACH, particularly in the case of NR-u where Msg3 transmissions are subjected to LBT.
For BFR, the contention based random access procedure is only used as a fallback when the contention-free random access fails. Even though it is only for the fallback which occurs rarely, it is still beneficial to apply 2-Step RACH for the fallback case.
Proposal#1: Msg3 based SI request and contention based BFR can also use contention based 2-step RACH.   Msg1 based SI request should not use contention based 2-step RACH.
Message content of MsgA and their size
Message contents for MsgA depends on the RA triggers that are supported. Based on Proposal#1, all RA triggers are supported and the following table shows the RA triggers in TS38.300 and its corresponding MsgA contents with the TBS size:

	Event
	RA triggers
	Possible MsgA contents (excluding user data)
	TBS size

	1
	Initial access from RRC_IDLE;
	RRCSetupRequest
	56bits

	2
	Transition from RRC_INACTIVE;
	RRCResumeRequest
	56bits or 72bits (depending on whether the full Resume ID is provided)

	3
	RRC Connection Re-establishment procedure;
	RRCReestablishmentRequest
	56bits

	4
	Request for Other SI
	RRCSystemInfoRequest
	56bits

	5
	Handover;
	RRCReconfigurationComplete + C-RNTI MAC CE + BSR MAC CE
	40bits - 128bits

	6
	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
	C-RNTI MAC CE + BSR MAC CE
	40bits (short BSR) – 112bits (long BSR)

	7
	UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
	C-RNTI MAC CE + BSR MAC CE
	40bits (short BSR) – 112bits (long BSR)

	8
	SR failure;
	C-RNTI MAC CE + BSR MAC CE
	40bits (short BSR) – 112bits (long BSR)

	9
	Request by RRC upon synchronous reconfiguration;
	RRCReconfigurationComplete + C-RNTI MAC CE+ BSR MAC CE
	40bits - 128bits

	10
	Beam failure recovery.
	C-RNTI MAC CE
	24bits



For random access event#2 (transition from inactive state), in order to handle the 2 possible RRC message sizes, the network indicates the RRC message size to use in the SIB (i.e. fullResumeID IE).  The network can indicate the size accordingly based on its deployment (e.g. based on cell size, require retransmissions etc.) by indicating whether to use the full Resume ID. Based on this indication, the UE generates the appropriate RRC Resume Request message, either 48bits or 64bits (i.e. TBS of 56bits or 72bits respectively).
For random access events#5-#8, the BSR MAC CE size varies according to the number of LCG that has data available for transmission. The UE will use Long/Short Truncated BSR (or padding BSR) if the provided UL resources are not sufficient to accommodate the regular BSR
Observation#1: The MsgA payload size can take the values of {24bits, 56bits, 72bits and 40 – 128 bits}.
In Rel-15 NR, RAN1 informed RAN2 the Msg3 size of 56bits for comparable cell coverage with LTE [2]. Any payload above 56bits (i.e. 72bits) may result in increased BLER or reduced cell coverage. RAN2 can also assume that such TBS is also applicable to MsgA PUSCH for 2-step RACH and 72bits can be used if coverage allowed. Hence it is proposed:
Observation#2: RAN2 assumes that the Msg3 size limitation of 56bits is also applicable to MsgA PUSCH in 2-step RACH, while 72bits can be used if coverage allowed.
Currently, there are the following possible configuration for the Msg3 size:
a) No Group A and B are defined and FullResumeID is set to ‘False’
b) No Group A and B are defined and FullResumeID is set to ‘True’
c) Group A and B are defined and FullResumeID is set to ‘False’
d) Group A and B are defined and FullResumeID is set to ‘True’

For Case a), the network has to provide at least 56bits TBS size in RAR UL grant for CCCH message and other RA events. If larger size TBS is provided in the RAR UL grant and Msg3 size is less than the TBS size provided in the RAR UL grant, either padding is included or for RA events other than CCCH message MAC SDU (if UL data available) or other MAC CE may be included.
For Case b), the network has to provide at least 72bits TBS size in RAR UL grant for CCCH message and other RA events. For RA events that do not require 72bits or more TBS size (i.e. other than RRC Resume Request), either padding is included or for RA events other CCCH message MAC SDU (if UL data available) or other MAC CE may be included.
For Case c) and d):
For CCCH message - if the CCCH message size is less than or equal to the Msg3 size for Group A, Group A preamble is used. Otherwise, Group B preamble is used. If Group A preamble is used, the network is expected to provide at least Msg3 size for Group A in the TBS size in RAR UL grant. UE will generate RRC Resume Request based on the FullResumeID (True = 64bits, False = 48bits)
For other Msg3 messages – if the potential Msg3 size is greater than Msg3 size for Group A and the pathloss is less than a configured threshold, Group B preamble is used. Otherwise Group A preamble is used. If Group A preamble is used, the network is expected to provide at least Msg3 size for Group A in the TBS size in RAR UL grant.
Observation#3: For idle mode/inactive in Rel-15 NR, the 2 possible payload sizes are {56bits or 72bits}. The network uses FullResumeID to indicate the payload size for CCCH/Msg3 message. 
Observation#4: For connected mode in Rel-15 NR, in the case of contention based, the 2 possible payload sizes are the same as idle and inactive mode (i.e. {56bits or 72bits}). If pathloss allowed and if Group B is configured, TBS size for Group B can be used. 
For 2-step RACH, similar approach can be used as per Observation#2 for idle mode and inactive state:
· If no preamble partitioning is defined and FullResumeID is set to ‘False’, the network has to configure at least 56bits TBS size for MsgA PUSCH. If larger size TBS is configured for MsgA PUSCH and the RA events do not require the larger size TBS, either padding is included or for RA events other than CCCH message MAC SDU (if UL data available) or other MAC CE may be included.
· If no preamble partitioning is defined and FullResumeID is set to ‘True’, the network has to configure at least 72bits TBS size for MsgA PUSCH. For RA events that do not require 72bits or more TBS size (i.e. other than RRC Resume Request), either padding is included or for RA events other CCCH message MAC SDU (if UL data available) or other MAC CE may be included.

In order to support fallback to 4-step for idle and inactive state using 2-step RACH, there is also a need to maintain the above payload size for 2-step RACH.  Hence it is proposed:
Proposal#2: For idle mode and inactive state, the payload sizes for 2-step RACH should be the same as 4-step RACH (i.e. the network should at least provide MsgA PUSCH TBS size of at least 56bits or 72bits (depending on the FullResumeID)).
For connected mode, the same payload sizes of 56bits or 72bits as idle mode and inactive state can also be used. Even though this may not be sufficient to accommodate the full BSR, truncated BSR can always be used. 
Proposal#3: For connected mode, the payload sizes for 2-step RACH should also be at least 56bits or 72bits (aligned with idle mode and inactive state). 
Any further possible MsgA PUSCH TBS sizes (other than 56 and 72bits) to support other payload sizes for idle mode and connected mode can also be discussed, e.g. to accommodate further data transmission as this may reduce further latency if the full BSR can be provided or short user data can be transmitted in MsgA. Hence, the network should be able to configure other sizes for the MsgA PUSCH TBS to support other payload sizes (e.g. to accommodate data transmission etc.) with the following approach:
Alternative 1: Multiple maximum MsgA PUSCH TBS size is allowed where each size is mapped with different PRACH resources or preamble partitioning (similar to introducing Group A and B preamble grouping, but with more granularity).
Alternative 2: Only one maximum MsgA PUSCH TBS size is defined/configured, UE selects any size below that maximum value and network performs blind decode on PUSCH. In addition the network can limit the number of blind decodes by indicating the allowed sizes or granularity.
Alternative 3: Include the TBS size indication in the UCI piggybacked on the MsgA PUSCH
For Alternative 1, the obvious limitation of this approach is that PRACH resource differentiation or preamble partitioning is not resource efficient as it takes more radio resources that can otherwise be used for other traffic. Also preamble partitioning may also reduce system capacity due to more collision. Another issue is that UE may not always be able to apply 2-step RACH for the larger TBS due to the cell coverage (e.g. the cell has a coverage for 56bits for 2-step PRACH, allowing 72bits will always end with fallback to 4-step RACH). Hence such scheme will require taking into consideration of the radio quality to select the right PUSCH TBS size as in Case c) and d).
For Alternative 2, the major limitation of this approach is that it will require network to blindly decode the difference possible TBS configured by the network. Other than that, it also has similar issue on cell coverage as Alternative 1.
For Alternative 3, RAN1 is still discussing whether UCI is to be piggybacked with the MsgA PUSCH. Hence RAN 1 needs to be consulted if TBS size indication could be included in the UCI. The advantage of this approach is that there is no need for preamble partitioning and blind decoding by the network. However resource partitioning between UCI and UL-SCH on the MsgA PUSCH needs be considered. On the other hand, it still also has similar issue on cell coverage as Alternative 1.
Moreover a combination of Alternative 1 and 2 is also a possibility.  
For Alternative 1 to 3, in order to solve the coverage issue, the network may also need to indicate for 2-step RACH the maximum MsgA PUSCH TBS possible considering the maximum cell size, or indicate the pathloss limitation for a possible MsgA PUSCH TBS.
Proposal#4: Discuss the following alternatives to introduce other sizes of the MsgA PUSCH TBS:
· Alternative 1: Multiple maximum MsgA PUSCH TBS size is allowed where each size is mapped with different PRACH resources or preamble partitioning (similar to introducing Group A and B preamble grouping, but with more granularity).
· Alternative 2: One maximum MsgA PUSCH TBS size and network performs blind decode on PUSCH. The network can limit the number of blind decodes by indicating the possible granularity
· Alternative 3: Include the TBS size indication in the UCI piggybacked on the MsgA PUSCH

If RAN2 has any preference on the alternatives discussed in proposal 5, RAN2 can inform RAN1 and the final decision can be made by RAN1. Also it may also be good to inform RAN1 that the MsgA PUSCH can go up to 128bits (excluding data transmission) or even more (if data transmission is to be included). Hence it is proposed:
Proposal#5: Inform RAN 1 on the RAN2 preferences of the alternatives discussed in proposal 5 (if any) and the final decision can be made by RAN1. It may also be good to inform RAN1 that the MsgA PUSCH can go up to 128bits (excluding data transmission) or even more (if data transmission is to be included). 
Conclusions
In this contribution, we discussed the procedure for 2-step RACH, with primary focus on fall-back procedure, power control mechanism and message content and scheduling of MsgA and MsgB. Further, we summarize the proposals as follows:
Proposal#1: Msg3 based SI request and contention based BFR can also use contention based 2-step RACH.   
Observation#1: The MsgA payload size can take the values of {24bits, 56bits, 72bits and 40 – 128 bits}.
Observation#2: RAN2 assumes that the Msg3 size limitation of 56bits is also applicable to MsgA PUSCH in 2-step RACH, while 72bits can be used if coverage allowed.
Observation#3: For idle mode/inactive in Rel-15 NR, the 2 possible payload sizes are {56bits or 72bits}. The network uses FullResumeID to indicate the payload size for CCCH/Msg3 message. 
Observation#4: For connected mode in Rel-15 NR, in the case of contention based, the 2 possible payload sizes are the same as idle and inactive mode (i.e. {56bits or 72bits}). If pathloss allowed and if Group B is configured, TBS size for Group B can be used
Proposal#2: For idle mode and inactive state, the payload sizes for 2-step RACH should be the same as 4-step RACH (i.e. the network should at least provide MsgA PUSCH TBS size of at least 56bits or 72bits (depending on the FullResumeID)).
Proposal#3: For connected mode, the payload sizes for 2-step RACH should also be at least 56bits or 72bits (aligned with idle mode and inactive state). 
Proposal#4: Discuss the following alternatives to introduce other sizes of the MsgA PUSCH TBS:
· Alternative 1: Multiple maximum MsgA PUSCH TBS size is allowed where each size is mapped with different PRACH resources or preamble partitioning (similar to introducing Group A and B preamble grouping, but with more granularity).
· Alternative 2: One maximum MsgA PUSCH TBS size and network performs blind decode on PUSCH. The network can limit the number of blind decodes by indicating the possible granularity
· Alternative 3: Include the TBS size indication in the UCI piggybacked on the MsgA PUSCH

Proposal#5: Inform RAN 1 on the RAN2 preferences of the alternatives discussed in proposal 5 (if any) and the final decision can be made by RAN1. It may also be good to inform RAN1 that the MsgA PUSCH can go up to 128bits (excluding data transmission) or even more (if data transmission is to be included). 
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