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[bookmark: OLE_LINK71][bookmark: OLE_LINK72]For 2-step RACH, the contention resolution has been discussed in the email discussion [1], and the intention of this contribution is to share some views on the following open issues:
· Contention resolution for msgA with CCCH
· Options: Contention resolution ID in MsgB along with TA command and C-RNTI or in a separate MAC PDU (e.g. MsgB-bis)
· Contention resolution for msgA with C-RNTI
· Options: PDCCH addressed to C-RNTI or C-RNTI included in MsgB
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, for the transmission of contention resolution ID, the following two alternatives are proposed:
· Alt1: The contention resolution ID shall be transmitted together with TA command and C-RNTI in a MsgB which can be shared by multiple UEs.
· Alt2: Similar to LTE, the contention resolution ID shall be transmitted together with MAC SDU from SRB in a separate MAC PDU (e.g. MsgB-bis), after the MsgB including TA command and TC-RNTI.  
For the alternative 2, the main intention 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, the UE anyway needs to distinguish the successRAR and fallbackRAR (for example, in case of  fallback, the UL grant included 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 (assuming the legacy Msg2 MAC subheader is reused), some change is needed for legacy MAC RAR anyway.
Observation 1: For alternative 2, even if the contention resolution ID is not included in the MsgB which is shared by multiple UEs, since the UE is required to distinguish the successRAR and fallbackRAR, changes are needed for 4-step RACH MAC RAR anyway (i.e. the 4-step RACH MAC RAR cannot be reused directly).
In addition, since the MAC SDU from SRB need 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.
Observation 2: For alternative 2, if the contention resolution ID is transmitted together with MAC SDU from SRB in a separate MAC PDU (e.g. MsgB-bis), the transmission of contention resolution ID will be delayed due to the RRC processing delay and bidirectional CU-DU delay.
Based on the analysis above, option 1 shall be adopted for 2-step RACH:
Proposal 1: The contention resolution ID shall be transmitted together with TA command and C-RNTI in a MsgB which can be shared by multiple UEs.
Contention resolution for MsgA with C-RNTI
For the contention resolution for MsgA with C-RNTI, the following two alternatives are mentioned in the email discussion:
· Option 1: PDCCH addressed to C-RNTI: 
· Option 2: C-RNTI included in MsgB:
In this section, separate analysis will be given for option 1 and option 2, and we mainly focus on the performance, impact on specs, and complexity of implementation.

Option 1: PDCCH addressed to C-RNTI: 
In option 1, once the C-RNTI is included in the MsgA, the UE should monitor both the PDCCH scheduled by C-RNTI and msgB-RNTI (i.e. The UE should decode the MsgB scheduled by msgB-RNTI to receive the backoff indicator and fallback RAR). If the PDCCH scheduled by C-RNTI is detected before the end of MsgB-response window, the UE will stop the monitoring of msgB-RNTI and consider the contention resolution successful.
For the complexity in implementation, it can be observed that the option 1 require the simultaneous monitoring of PDCCH addressed to both msgB-RNTI and C-RNTI. However, even though simultaneous monitoring of PDCCH is required, it does not mean the UE has to decode the PDSCH transmission scheduled by msgB-RNTI and C-RNTI simultaneously. Once the PDCCH addressed to C-RNTI is detected, the UE only needs to decode the PDSCH related to the C-RNTI and consider the contention resolution successful.
For the impact on specs, besides the description about the simultaneously monitoring of PDCCH addressed to both msgB-RNTI and C-RNTI (which is anyway similar to the existing procedure today), one extra impact is that the Timing Advance Command needs to be provided also to the UE. In the current specs, there are two types of Timing Advance Command:
· Timing Advance Command in Timing Advance Command MAC CE: indicates the index value TA (0, 1, 2… 63) used to control the amount of timing adjustment that MAC entity has to apply (as specified in TS 38.213 [6]). The length of the field is 6 bits.
· Timing Advance Command in Random Access Response: indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6]. The size of the Timing Advance Command field is 12 bits;
Considering the 12bits Timing Advance Command in Random Access Response will be used in the initial configuration of timing advance and have larger value range compared to the Timing Advance Command in Timing Advance Command MAC CE, the 12bits Timing Advance Command shall be used in the initial TA configuration in 2-step RACH, and a new MAC CE with 12bits Timing Advance Command shall be introduced for option 1.
Option 2: C-RNTI included in MsgB:
In option 2, once the C-RNTI is included in the MsgA, the C-RNTI will be echoed back in MsgB as contention resolution ID. And once the UE detects the corresponding C-RNTI in MsgB, the UE considers the contention resolution successful. 
Since the DL data transmission can only be made after the transmission of MsgB, extra latency will be introduced in the DL data transmission.
In addition, since C-RNTI will be used to handle the contention resolution instead of contention resolution ID (i.e. 48bits of CCCH message), different MAC subPDU format is required for the case of MsgA with CCCH message and MsgA with C-RNTI MAC CE, which will lead to extra complexity in MAC spec.
Moreover, considering that, for each MsgA with C-RNTI, a successRAR is required in the corresponding MsgB, which will also lead to unnecessary consumption of MsgB resources.

Comparison between option 1 and option 2
Based on the analysis above, one table is given as follow to summarize the potential impact on each solution.
	
	Option 1
PDCCH addressed to C-RNTI
	Option 2
C-RNTI in MsgB

	Impact on specs
	New MAC CE with 12bits Timing Advanced Command should be introduced.
UE needs to monitor PDCCH addressed to both msgB-RNTI and C-RNTI 
	Different MAC subPDU format is required for the case of MsgA with CCCH message and MsgA with C-RNTI MAC CE.


	Impact on performance
	NW can schedule the UE immediately after the MsgA is received.
	DL data transmission can only be made after the transmission of MsgB, and extra latency will be introduced in the DL data transmission, especially if the ACK of MsgB is expected before the data transmission.
More MsgB resources will be consumed to include the successRAR for the case C-RNTI is included in MsgA

	Impact on implementation complexity
	UE needs to monitor PDCCH addressed to both msgB-RNTI and C-RNTI, but UE is not required to decode two TBs simultaneously.
	UE needs to distinguish the successRAR for MsgA with CCCH and MsgA with C-RNTI.
For each MsgA with C-RNTI, NW needs to generate the successRAR in MsgB.



Based on the summary given in the table above, the following observations can be made: 
[bookmark: _Hlk7691330]Observation 3: option1 (PDCCH addressed to C-RNTI) has benefits in terms of performance and has less impact on MAC specs. 
Observation 4: For the complexity on implementation, even though the UE is required to monitor the PDCCH addressed to both C-RNTI and RA-RNTI, considering that the UE is not required to decode both TBs simultaneously, the complexity is not increased from both UE and NW’s point of view. 
Therefore, we propose to adopt the option 1 in 2-step RACH and give our proposal as follow:
Proposal 2: For MsgA with C-RNTI, the contention resolution shall be made based on the PDCCH addressed to C-RNTI. 
To further specify the expected behaviour on UE side for contention resolution based on PDCCH addressed to C-RNTI, one additional proposal is given as follow:
Proposal 3: For MsgA with C-RNTI, within the MsgA response window, the UE is required to monitor both the msgB-RNTI (for MsgB reception) and C-RNTI. 
· Once the PDCCH addressed to the corresponding C-RNTI (i.e. C-RNTI included in MsgA) is detected, the UE should consider the contention resolution to be successful and stop the reception of MsgB.
· Once the corresponding fallback RAR is detected in MsgB, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI and process the fallback operation accordingly.
· If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the MsgB response window, the UE should consider the preamble transmission attempt failed and do back off operation based on the backoff indicator if received in MsgB.
Based on the analysis above, it can be observed that a new MAC CE for 12bits Timing Advanced Command is required for the initial configuration of Timing Advanced Command in 2-step RACH, and hence the following is proposed.
Proposal 4: A new MAC CE with 12bits Timing Advanced Command shall be introduced
Conclusions
Based on the discussion above, the following observations are shared: 
Contention resolution for MsgA with CCCH 
For the contention resolution for MsgA with CCCH, the following alternatives are discussed in the paper:
· Alt1: The contention resolution ID shall be transmitted together with TA command and C-RNTI in a MsgB which can be shared by multiple UE.
· Alt2: Similar as LTE, the contention resolution ID shall be transmitted together with MAC SDU from SRB in a separate MAC PDU (e.g. MsgB-bis), after the MsgB including TA command and TC-RNTI.  
And the following observations and proposals are given in the paper.
Observation 1: For alternative 2, even if the contention resolution ID is not included in the MsgB which is shared by multiple UEs, since the UE is required to distinguish the successRAR and fallbackRAR, changes are needed for 4-step RACH MAC RAR anyway (i.e. the 4-step RACH MAC RAR cannot be reused directly).
Observation 2: For alternative 2, if the contention resolution ID is transmitted together with MAC SDU from SRB in a separate MAC PDU (e.g. MsgB-bis), the transmission of contention resolution ID will be delayed due to the RRC processing delay and bidirectional CU-DU delay.
Proposal 1: The contention resolution ID shall be transmitted together with TA command and C-RNTI in a MsgB which can be shared by multiple UEs.

Contention resolution for MsgA with C-RNTI
For the contention resolution for MsgA with C-RNTI, the following alternatives are discussed in the paper:
· Option 1: PDCCH addressed to C-RNTI: 
· Option 2: C-RNTI included in MsgB:
And the following observations and proposals are given in the paper.
Observation 3: option1 (PDCCH addressed to C-RNTI) has benefits in terms of performance and has less impact on MAC specs. 
Observation 4: For the complexity on implementation, even though the UE is required to monitor the PDCCH addressed to both C-RNTI and RA-RNTI, considering that the UE is not required to decode both TBs simultaneously, the complexity is not increased from both UE and NW’s point of view.  
Proposal 2: For MsgA with C-RNTI, the contention resolution shall be made based on the PDCCH addressed to C-RNTI. 
Proposal 3: For MsgA with C-RNTI, within the MsgA response window, the UE is required to monitor both the msgB-RNTI (for MsgB reception) and C-RNTI. 
· Once the PDCCH addressed to the corresponding C-RNTI (i.e. C-RNTI included in MsgA) is detected, the UE should consider the contention resolution to be successful and stop the reception of MsgB.
· Once the corresponding fallback RAR is detected in MsgB, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI and process the fallback operation accordingly.
· [bookmark: _GoBack]If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the MsgB response window, the UE should consider the preamble transmission attempt failed and do back off operation based on the backoff indicator if received in MsgB.
Proposal 4: A new MAC CE with 12bits Timing Advanced Command shall be introduced.
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