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1 Introduction

A work item proposal on 2-step RACH for NR [1] was approved in RAN#82. The work item will address the following objectives (RAN1, RAN2) and some RAN2 related objectives are highlighted as below: 
	· 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)

=============================omitted==================================

· 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 would like to discuss about some general aspects for 2-step RACH including triggers, applied scenarios etc. and give corresponding proposals. 

2 Discussion
2.1 Multiplexing of msgBs
For 4-step RACH, if multiple UEs transmit preamble on the same PRACH resource, the corresponding RAR for these UEs are multiplexed in the same MAC PDU and scrambled with the same RA-RNTI. The motivation of this mechanism is to reduce signalling overhead and simplify UE implementation. For 2-step RACH, it is also possible that multiple UEs may transmit detect signal on the same PRACH resource, similar principle still applies and it makes sense to multiplex the MsgB of these UEs in the same MAC PDU. 
Similar as in NR, for UEs in RRC_IDLE or RRC_INACTIVE states when triggering RACH, only when the unique UE ID is carried in MsgB can the UE consider the contention resolution as successful. And MsgB for those UEs are multiplexed into the same MAC PDU if they transmit the detect signal on the same PRACH resource. 

While for UEs in RRC_CONNECTED states, different design may be introduced. If only PDCCH addressed to C-RNTI with a UL grant for new transmission is identified as contention resolution successful for UEs in RRC_connected states, then MsgB for those UEs are not to be multiplexed in the same MAC PDU even if those UEs transmit the detect signal on the same PRACH resource as UEs in RRC_IDLE or RRC_INACTIVE states. If the C-RNTI MAC CE(s) are carried in MsgB explicitly and UEs consider contention resolution as successful when these matches what are transmitted in MsgA, then MsgB for those UEs are multiplexed in the same MAC PDU if those UEs transmit detected signal on the same PRACH resource as UEs in RRC_IDLE or RRC_INACTIVE states. 

Based on the above analysis, different design on the contention resolution for UEs in RRC_CONNECTED state when triggering RACH have different impact on the MsgB structure, therefore, different from NR, we think it is not mandatory to multiplex the MsgB of different UEs which transmit the detect signal on the same PRACH resource into the same MAC PDU, a little bit soft proposal is given as below. 
Proposal 1: For UEs performing 2-step RACH in RRC_IDLE and RRC_INACTIVE, MsgB of different UEs can be multiplexed into the same MAC PDU. 
Proposal 2: For UEs performing 2-step RACH in RRC_CONNECTED, msgBs of different UEs may not need to be multiplexed into the same MAC PDU
2.2 Detailed content of msgB
For the content of MsgB, as mentioned above, the content of MsgB includes the equivalent contents of msg2 and msg4 of 4-step RACH. In LTE and NR, msg4 of 4-step includes the contention resolution and for UEs in RRC_IDLE or RRC_INACTIVE states, RRC message may also be included in msg4 of 4-step RACH or is sent as a follow-up message after msg4. This is all up to the NW implementation. However, for 2-step RACH, since RRC message may be quite large, it seems not suitable to be include in the MsgB especially if MsgB of different UEs which transmit detect signal on the same PRACH resource are multiplexed into the same MAC PDU. Therefore, we propose to not consider the RRC message as part of the content of MsgB for 2-step RACH and it can be sent as a follow-up MsgC after MsgB. 
Proposal 3: The content of MsgB includes the contents of msg2 and msg4 in 4-step RACH except for the RRC message for UE in RRC_IDLE or RRC_INACTIVE states. 
In addition, in LTE and NR, msg2 of 4-step RACH, which is called RAR is of fixed size and consists of TA command, UL grant and TC-RNTI. All these three parameters are mandatory present for Msg3 transmission as well as contention resolution. However, for 2-step RACH, there may be a different story. Since the equivalent content of msg3 of 4-step RACH has already been transmitted in MsgA, depending on whether the UE fails or succeeds in the contention resolution as well as the RRC states of the UE when performing 2-step RACH, different content of MsgB should be applied in different cases. Detailed analysis is listed as below. 
Case 1: UE succeeds in the contention resolution and UE is not in RRC_CONNECTED state
For this case, when UE triggers 2-step RACH, UE is not in RRC_CONNECTED state and UE succeeds in the contention resolution. Therefore, the equivalent content of msg4 of 4-step RACH, i.e., contention resolution should be carried in MsgB. However, UL grant maybe not needed as the original intention to include UL grant is to transmit msg3 in 4-step RACH and since NW already successfully decodes the equivalent information of msg3 carried in MsgA, the UL grant can be optionally carried in MsgB and if it is carried, it should be used for the following new data transmission. As for TC-RNTI, since the UE is not in RRC_CONNECTED state when 2-step RACH is performed, TC-RNTI is needed to be used as C-RNTI when the UE enters RRC_CONNECTED state after succeeding in the contention resolution. For TA command, it is not clear whether it is needed or not as the WI stated that 2-step RACH shall be able to operate regardless of whether the UE has valid TA or not and 2-step RACH is applicable to any cell size supported in Rel-15 NR. Therefore, it seems TA command should be at least optional and whether it is included or not under certain cases depends on RAN1 determination.  
Case 2: UE succeeds in the contention resolution and UE is in RRC_CONNECTED state
For this case, when UE triggers 2-step RACH, UE is in RRC_CONNECTED state and UE succeeds in the contention resolution. Similar analysis of case 1 still applies here. One different point is that, for this case, since UE is in RRC_CONNECTED state when 2-step RACH is performed, TC-RNTI is not needed as UE already maintains a C-RNTI which can be used for the following data transmission. 
Case 3: UE fails in the contention resolution and fall back to 4-step RACH
For this case, UE fails in the contention resolution in 2-step RACH, then a possible scenario is that only the transmitted detect signal is successfully decoded by the NW and the UE is informed to fall back from 2-step RACH to 4-step RACH. Therefore, contention resolution should not be carried in MsgB, but a legacy RAR which includes TA command, UL grant and TC-RNTI should be carried for the sake of msg3 and msg4 transmission when UE falls back to 4-step RACH. 

Based on the above analysis, the detailed content of MsgB may be quite different depending on the state when the UE triggers 2-step RACH as well as whether the UE fails or succeeds in the contention resolution. Therefore, we propose RAN2 to discuss the content of MsgB case by case.    
Proposal 4: RAN2 to discuss the detailed content of MsgB case by case, e.g., the state when UE triggers 2-step RACH and whether UE succeeds in the contention resolution. 
2.3 MsgB structure 
Based on the above analysis, even though the MsgB including RAR and contention resolution for the same UE is included in the same MAC PDU, it still remains unclear whether RAR and contention resolution are carried in the same MAC subPDU or not. Two alternatives are listed as below:
Alternative 1: RAR and contention resolution are carried in the same MAC subPDU.
For this option, RAR and contention resolution for the same UE are carried in the same MAC subPDU with a common MAC subheader. In this case, compared with the RAR format in NR, contention resolution is interpreted as a parameter similar as TA command/UL grant/TC-RNTI but newly introduced in the MAC RAR. This alternative is simple and straightforward but a new RAR format needs to be designed in order to carry contention resolution. In addition, different from the other parameters in legacy RAR format, contention resolution is not mandatory present and in case that the NW informs the UE to fall back to 4-step RACH, contention resolution should not be carried. Therefore, some additional mechanism is required in order to distinguish these different RAR formats.

Alternative 2: RAR and contention resolution are carried in separate MAC subPDUs
For this option, RAR and contention resolution for the same UE are carried in the separate MAC subPDUs with separate MAC subheaders. In this case, it is not necessary to define a new RAR format to carry contention resolution and the specification impact is not significant. However, since separate MAC subheaders are required for both RAR and contention resolution for the same UE, signalling overhead will be increased. In addition, there may be various kinds of design of the location between the RAR and contention resolution and different design may introduce different decoding behaviour as well as decoding complexity, which is also an issue that may consume a lot of discussion. 

Therefore, based on the above analysis, since both alternatives have pros and cons, we propose RAN2 to discuss and choose one.   
Proposal 5: RAN2 to discuss whether the contents of the RAR and contention resolution id are carried in the same or different MAC subPDUs
3 Conclusion

In this contribution, we discuss about the MsgB for 2-step RACH and we have the following proposals. 
Proposal 1: For UEs performing 2-step RACH in RRC_IDLE and RRC_INACTIVE, MsgB of different UEs can be multiplexed into the same MAC PDU. 

Proposal 2: For UEs performing 2-step RACH in RRC_CONNECTED, msgBs of different UEs may not need to be multiplexed into the same MAC PDU

Proposal 3: The content of MsgB includes the contents of msg2 and msg4 in 4-step RACH except for the RRC message for UE in RRC_IDLE or RRC_INACTIVE states. 
Proposal 4: RAN2 to discuss the detailed content of MsgB case by case, e.g., the state when UE triggers 2-step RACH and whether UE succeeds in the contention resolution. 

Proposal 5: RAN2 to discuss whether the contents of the RAR and contention resolution id are carried in the same or different MAC subPDUs
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