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1.	Introduction
At RAN #82, the new work item for 2-step RACH was approved and the objectives of WI are as follows:
1. 2-step RACH [RAN1, RAN2]
· 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

In this contribution, we’d like to discuss and suggest the contents of msgA and msgB required from MAC point of view.
[bookmark: _Toc476230925]2.	Discussion
From MAC point of view, the messages in 4-step RACH procedure have slightly different contents depending on whether the transmission of msg3 is made for CCCH logical channel or not. The contents of MAC layer for msg2, msg3 and msg4 are as described in Table 1.
Table 1. Contents of msg2/msg3/msg4 in 4-step RACH
	
	Transmission for CCCH logical channel
	Transmission NOT for CCCH logical channel

	Msg2 with RAR
	MAC PDU including RAPID + MAC RAR consisting of TA command, UL grant and T_C-RNTI

	Msg3
	MAC PDU including CCCH MAC SDU
	MAC PDU including MAC SDU + 
C-RNTI MAC CE

	Msg4
	MAC PDU including UE CRID MAC CE + 
CCCH MAC SDU
	MAC PDU including MAC SDU



As shown in the table 1, MAC layer contains the C-RNTI MAC CE in the msg3 if the transmission of msg3 is not for CCCH logical channel, i.e., if the UE has its C-RNTI, and monitors msg4 addressed to C-RNTI which was transmitted in the msg3. If the UE receives the msg4 addressed to C-RNTI transmitted in msg3, the UE discards the T_C-RNTI received from msg2 and considers the RA successfully completed. In the meanwhile, if the UE has transmitted the msg3 including CCCH MAC SDU, the UE monitors msg4 addressed to T_C-RNTI which was received from msg2. If UE CRID of msg4 is matched with CCCH SDU which is transmitted in msg3, the UE sets C-RNTI to the value of T_C-RNTI and considers this RA procedure successfully completed. 
Basically, msgA of the 2-step RACH should contain the equivalent contents of msg3 of 4-step RACH consisting of the CCCH MAC SDU, or MAC SDU and C-RNTI MAC CE depending on whether or not the transmission of msgA is made for CCCH logical channel. Besides, however, we should consider the point that the UE in 2-step RACH sequentially transmits the preamble and payload of msgA on each contention-based resource region. The method for selecting a preamble index and PUSCH resource for msgA is under discussion, but can be one of following options:
· Option 1. UE randomly selects both the preamble index and PUSCH resource for payload of msgA, irrespective of the selected preamble index (PRACH of msgA is NOT associated with PUSCH of msgA)
· Option 2. UE randomly selects the preamble index, but selects the PUSCH resource for payload of msgA based on the selected preamble index (PRACH of msgA is associated with PUSCH of msgA)
In option 1, the gNB does not know at all which preamble is associated with the payload of msgA because there is no association between preamble index and PUSCH resource. Since the 2-step RACH shall be able operate regardless of whether the UE has valid TA or not and the preamble transmission needs to acquire the TA value for UL synchronization of a UE, gNB should transmit TA command value to a UE. It is clear that the gNB should distinguish the association between the preamble index and payload of msgA in order to correctly include the TA command for the received preamble to the UE. Moreover, even if there is the association between preamble index and PUSCH resource such as option 2, the preamble index and PUSCH resource mapping can be N:1, 1:1 or 1:N based on the network configuration. If the mapping is N:1, one or more UEs selecting different preamble index may transmit each payload on the same PUSCH resource. 


Figure 1. A collision case for PUSCH resource of msgA
Figure 1 shows an example where the preamble index and PUSCH resource mapping is N:1. The gNB receives the two different preamble indexes on a PRACH occasion (RO), but only one payload on the PUSCH2 due to PUSCH collision. Based on the association information between the preamble index and PUSCH resource, the gNB recognizes that the two UEs transmit each payload on PUSCH2 but one of UEs fails to transmit its payload through receiving two preamble indexes. However, since the gNB doesn’t know the preamble associated with the received payload even if there is the association between the preamble index and PUSCH resource, it cannot determine which preamble to start the fall-back procedure. Therefore, we propose that the msgA additionally contain the RAPID MAC CE in the payload of msgA to provide the association between the preamble index and payload of msgA.
Table 2. Contents of msgA in 2-step RACH
	
	Transmission for CCCH logical channel
	Transmission NOT for CCCH logical channel

	MsgA
	MAC PDU including CCCH MAC SDU + RAPID MAC CE
	MAC PDU including MAC SDU + 
C-RNTI MAC CE + RAPID MAC CE



Proposal 1. The payload of msgA contain RAPID MAC CE including the randomly selected RACH Preamble Index of msgA, as well as the equivalent contents of msg3 of 4-step RACH.
Another difference of the 2-step RACH is that the payload of msgA is transmitted without the RAR/msg2 reception. So, RAN2 should further discuss whether msgB contains the equivalent contents of msg2 and msg4 of 4-step RACH. As described in Table 1, the RAR of msg2 contains the TA command acquired from received preamble, UL grant for transmitting msg3 and Temporary C-RNTI for monitoring the msg4. In 2-step RACH procedure, the UL grant for the payload of msgA might be pre-allocated by gNB via system information, and the RNTI is also got via system information or derived by UE and gNB. In other words, RAN2 should specify how UEs get the PUSCH resource for the payload of msgA and RNTI for msgB in advance, but these are not necessary to be included as contents in the msgA or msgB. Unlike these contents, however, gNB needs to transmit the TA command for UL synchronization of a UE in msgB. So, we propose that msgB contain TA command MAC CE as well as the equivalent contents of msg4 of 4-step RACH.
Proposal 2. MsgB contain TA command MAC CE as well as the equivalent contents of msg4 of 4-step RACH.
[bookmark: _GoBack]In addition, gNB in 4-step RACH dynamically allocates T_C-RNTI for the received preamble when the gNB receives a preamble from a UE. Since there may be a preamble collision between different UEs, we defined the RNTI to temporary C-RNTI. For this reason, T_C-RNTI is set to C-RNTI only for the winner UE via the contention resolution using msg3 and msg4. Unlike 4-step RACH, however, the contention among the UEs performing the 2-step RACH can be directly resolved by the msgB. If the payload of msgA contains a CCCH MAC SDU and gNB successfully receives the msgA, gNB should allocate C-RNTI for the winner UE in msgB with UE CRID. Therefore, we propose that msgB additionally contain C-RNTI MAC CE if the transmission is for CCCH MAC SDU.
Table 3. Contents of msgB in 2-step RACH
	
	Transmission for CCCH logical channel
	Transmission NOT for CCCH logical channel

	MsgB
	MAC PDU including UE CRID MAC CE + 
TA Command MAC CE + C-RNTI MAC CE +
CCCH MAC SDU
	MAC PDU including MAC SDU +
TA Command MAC CE



Proposal 3. MsgB additionally contain C-RNTI MAC CE if the transmission is for CCCH MAC SDU.
Regarding the C-RNTI MAC CE, if the UE CRID of msgB is matched with the CCCH SDU which is transmitted in payload of msgA, the UE can set C-RNTI to the value of C-RNTI MAC CE and consider this RA procedure successfully completed. Also, if C-RNTI MAC CE was transmitted in the payload of msgA and the UE receives the msgB addressed to the C-RNTI, the UE can consider the RA successfully completed.
3.	Conclusion
In this contribution, we discuss contents of msgA and msgB required from the MAC point of view, and our proposals are as follows.
Proposal 1. The payload of msgA contain RAPID MAC CE including the randomly selected RACH Preamble Index of msgA, as well as the equivalent contents of msg3 of 4-step RACH.
Proposal 2. MsgB contain TA command MAC CE as well as the equivalent contents of msg4 of 4-step RACH.
Proposal 3. MsgB additionally contain C-RNTI MAC CE if the transmission is for CCCH MAC SDU.
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