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[bookmark: OLE_LINK58][bookmark: OLE_LINK57]Introduction
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]For the case of C-RNTI in MSGA, it was agreed that the contention resolution will be based on the PDCCH addressed to the UE’s C-RNTI. However, for the case of CCCH in MSGA, the contention resolution should be based on the reception of a random access response message (RAR, i.e. the SuccessRAR) in MSGB and the format of this successRAR included in MSGB is still FFS. Specifically, the following open questions need to be addressed: 
· Is the successRAR split into more than one message?
· If the answer is yes, which part carries the contention resolution ID?
Contention resolution for MsgA with CCCH
For MsgA with CCCH, it was already agreed that the contention resolution should be made based on the contention resolution ID included in MsgB. However, there are the following options to include the contention resolution ID in MSGB:
· Option 1: The contention resolution ID is transmitted together with TA command and C-RNTI in a MsgB which can be shared by multiple UEs. 
· In this case, the contention resolution ID is included in the successRAR
· Option 2: The contention resolution ID is transmitted separately
· In this case the contention resolution ID is transmitted in a message addressed to the C-RNTI of the UE
In order to understand the differences between Option 1 and Option 2, the following need aspects need to be considered: 

Feasibility of option 1: 
[bookmark: _GoBack]Considering the contention resolution ID is the first 48bits of CCCH SDU, there was some concern from companies that the contention resolution ID shall be generated by CU instead of DU, and hence, extra F1 delay will be incurred. However, since the contention resolution ID is a simply copy of the first 48bits of CCCH SDU, no ASN.1 decoding is required, the DU can generate the contention resolution itself by simply coping the first 48bits from the CCCH SDU without decoding the ASN.1, thus no interaction between CU and DU is needed for the generation of contention resolution ID. 
Observation 1: Although the contention resolution ID is the first 48bits of the CCCH message, the DU can generate the contention resolution ID itself by simply coping the first 48bits from the CCCH SDU (i.e. the interaction between CU and DU is not required for the generation of contention resolution ID).
Based on the discussion in previous meeting, the following information shall be included in the success RAR for 2-step RACH.
· TA command							12bits
· C-RNTI							    16bits
· Contention resolution identity			48bits
Taking the octet alignment into account, the total size of MsgB including contention resolution ID is 88 bits, assuming a 1 byte MAC subheader (Note that this is without UL grant, which has not yet been agreed).
In R1-1805653 “LS on Maximum TBS for PDSCH containing RMSI”, RAN1 indicated that NR can support approximately 1700 bits RMSI in one TB in all cases for both FR1 and FR2 with an appropriate RMSI configuration. Further, RAN1 agrees that max TBS of 2976 bits is supported for PDSCH by SI-RNTI from physical layer perspective. Therefore, we think, at least, 1700bits can be supported for MsgB transmission, and success RAR for 19 users can be included in one MsgB, even when contention resolution ID is included in each success RAR.
Observation 2: Even if contention resolution ID of 48bits is included in MsgB, there is still enough capacity to include the success RA response with contention resolution ID for up to 19 users.

Performance
The other intention of option 2 is to transmit the contention resolution ID along with the MAC SDU for SRB. However, since the MAC SDU for SRB needs to be generated by CU, both RRC processing delay and bidirectional CU-DU delay shall be considered in the transmission of MsgB-bis. Considering the RRC processing delay and bidirectional CU-DU delay, if contention resolution ID is transmitted together with MAC SDU from SRB, the transmission of contention resolution ID will be delayed, thus the whole RACH procedure may be delayed in case collision occurs.
To avoid the RRC processing delay and bidirectional CU-DU delay, companies may propose that the contention resolution ID may be transmitted separately without SRB SDU, if the SRB SDU is not ready. In such case, since the contention resolution ID will be transmitted by PDSCH scheduled by C-RNTI, extra PDCCH/PDSCH resource will be consumed compared to option 1. Also, additional latency is incurred since the UE has to first receive and process the MSGB containing the C-RNTI first and then start monitoring the C-RNTI for further transmission. Further, if the MSGB reception fails for one of the UEs then this will result in further delay of the overall procedure, since the NW may know the successful reception of the MSGB only based on the ACK transmitted by the UE to the further transmission with contention resolution ID. In addition, since the NW has to scheduled the UE one by one, extra scheduling delay will also be introduced, which will be more serious in a beam forming system.

Observation 3: For option 2 “The contention resolution ID is transmitted separately”, if the contention resolution ID is transmitted together with MAC SDU from SRB, the transmission of contention resolution ID will be delayed due to the RRC processing delay and bidirectional CU-DU delay; if the contention resolution ID is transmitted without SRB SDU, then extra PDCCH/PDSCH resource will be consumed and this will result in extra latency as the UE needs to receive and process the MSGB first and there is an additional scheduling delay for transmission of the contention resolution ID addressed to the UE’s C-RNTI.

Complexity
One intention of using option 2 is to reuse the legacy MAC RAR of Msg2 for MsgB and reuse the existing contention resolution ID MAC CE for MsgB-bis, which can save some impact on MAC specs. 
However, it should be noted that the response of MsgA can be either the sucessRAR or fallbackRAR. Hence, the UE needs to distinguish the successRAR and fallbackRAR (this is because, in case of fallback, the UL grant included in the fallbackRAR should be used to retransmit MsgA payload, whilst for success case, this won’t be necessary). Hence, considering the fact that there is no R bit in MAC subheader, the legacy RAR message cannot be used as the MSGB in anycase.
Observation 4: Even if a separate message is used for contention resolution, the legacy RAR message cannot be reused for MSGB since it cannot be used to distinguish between fallback and success case.
Besides, as the MSGB window is started only after the PUSCH part of the MSGA transmission, the argument of being able to apply the same RAR message with legacy UEs does not hold given the windows are running in different times. This is because the NW has to decode the PUSCH before it can decide whether a successRAR or fallbackRAR would be required for the UE.
Based on the analysis above, if the contention resolution ID is included in the successRAR, this minimizes the latency since the RACH procedure can end as soon as the contention resolution ID is received (i.e. MSGB is not split into multiple messages and RACH procedure ends with reception on MSGB which includes the contention resolution ID). 
Therefore, we think the option 1 shall be adopted for 2-step RACH:
Proposal 1: Legacy MSG2 cannot be reused to distinguish between the success and fallback cases and hence a new MSGB format shall be designed for 2-step RACH
Proposal 2: The contention resolution ID shall be transmitted together with TA command and C-RNTI in the MsgB addressed to MSGB RA-RNTI – i.e. it is included in the successRAR. 
Conclusions
Based on the discussion above, the following observations and proposals are made: 
Observation 1: Although the contention resolution ID is the first 48bits of the CCCH message, the DU can generate the contention resolution ID itself by simply coping the first 48bits from the CCCH SDU (i.e. the interaction between CU and DU is not required for the generation of contention resolution ID).
Observation 2: Even if contention resolution ID of 48bits is included in MsgB, there is still enough capacity to include the success RA response with contention resolution ID for up to 19 users.
Observation 3: For option 2 “The contention resolution ID is transmitted separately”, if the contention resolution ID is transmitted together with MAC SDU from SRB, the transmission of contention resolution ID will be delayed due to the RRC processing delay and bidirectional CU-DU delay; if the contention resolution ID is transmitted without SRB SDU, then extra PDCCH/PDSCH resource will be consumed and this will result in extra latency as the UE needs to receive and process the MSGB first and there is an additional scheduling delay for transmission of the contention resolution ID addressed to the UE’s C-RNTI.
Observation 4: Even if a separate message is used for contention resolution, the legacy RAR message cannot be reused for MSGB since it cannot be used to distinguish between fallback and success case.
Proposal 1: Legacy MSG2 cannot be reused to distinguish between the success and fallback cases and hence a new MSGB format shall be designed for 2-step RACH
Proposal 2: The contention resolution ID shall be transmitted together with TA command and C-RNTI in the MsgB addressed to MSGB RA-RNTI – i.e. it is included in the successRAR. 
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