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In the previous RAN2#106 meeting, with great efforts, some agreements with regard to the content of SuccessRAR and contention resolution had been achieved [1] as follow,
	Agreements
1. Contention resolution:
a. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.
b. If the corresponding fallback RAR is detected, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI for success response and process the fallback operation accordingly.
c. If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the response window, the UE should consider the msgA attempt failed and do back off operation based on the backoff indicator if received in MsgB.
d. FFS if a new MAC CE with 12bits Timing Advanced Command shall be introduced.
2. For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   
3. For CCCH, for success or fallback RAR MsgB can multiplex messages for multiple UEs.  FFS if we can multiplex SRB RRC messages of multiple UEs.  
4. Network response to msgA (i.e. msgB/msg2) can include the following: 
a. SuccessRAR 
b. FallbackRAR
c. Backoff Indication
FFS: format of successRAR and whether successRAR is split into more than one message and format of fallbackRAR and whether legacy msg2 can be reused for fallbackRAR.
5. The following fields can be included in the successRAR when CCCH message is included in msgA.
a. Contention resolution ID
b. C-RNTI
c. TA command
6. MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU.


In this contribution, we would like to discuss some remaining issues on the content of SuccessRAR and how to respond to the UE when both the PRACH and PUSCH of MsgA have been successfully decoded.
Discussion 
The content of SuccessRAR if CCCH is included in MsgA
In the previous RAN2#106 meeting, some discussion was made on whether UL grant is useful and needed for contention resolution in the case where CCCH SDU is included in the MsgA. We would like to provide our understanding on why a UL grant should be included in the SuccessRAR.
[bookmark: OLE_LINK10]In Rel-15 4-step RACH, if the contention resolution is considered to be successful, the UE will transmit HARQ-ACK information in a PUCCH, in response to the PDSCH reception with the UE contention resolution identity. However, considering that the gNB is able to multiplex multiple SuccessRAR for different UEs in the same MsgB MAC PDU. The PUCCH resource for HARQ-ACK feedback is shared among different UEs. From gNB side, it cannot distinguish which UE has solved the contention resolution. 
Therefore, a UE-specific UL grant should be included in the SuccessRAR for a UE who has solved the contention resolution. And we have the following proposal:
Proposal 1: The SuccessRAR should consist of a UE-specific UL grant if CCCH SDU is included in the MsgA.
The usage of SuccessRAR if CCCH is included in MsgA
Whether SuccessRAR is split into more than one message
During the email discussion [2], several companies proposed that if UL-CCCH SDU is included in the MsgA, then the SuccessRAR should be split into two messages. For example, the first part of SuccessRAR (referred to as SuccessRAR1) contains legacy MAC RAR for UL synchronization and C-RNTI allocation. Then contention resolution ID MAC CE or optional RRC message can be included in the second part of SuccessRAR  (referred to as SuccessRAR2). This proposed solution is similar to the mechanism in Rel-15 4-step RACH and has both its merit and drawbacks in 2-step RACH scenario:
· Pros:
1) Fewer spec impacts on the design of MAC PDU format. The legacy MAC RAR and MAC PDU format for DL-SCH can be reused for SuccessRAR1 and SuccessRAR2, respectively. 
· Cons:
1) In NR-U scenario, it is possible that SuccessRAR1 and SuccessRAR2 can not be transmitted within the same UL transmission burst. As a result, the gNB has to perform two times of LBT check before transmitting SuccessRAR1 and SuccessRAR2, which is contradictory with the original intention of introducing 2-step RACH in NR-U. 
2) More UE complexity. The IDLE/INACTIVE UE firstly needs to monitor the PDCCH addressed to RA-RNTI for SuccessRAR1. After successfully receiving SuccessRAR1, the UE does not know whether the PUSCH of MsgA has been successfully decoded. So it has to continually monitor the PDCCH addressed to TC-RNTI for SuccessRAR2 until timer expiry.
3) More PDCCH resource consumption.
Based on the analysis above, it can be concluded that splitting the SccessRAR including TA command, C-RNTI, and contention resolution ID into more than one message will incur performance degradation, more UE complexity, and more PDCCH resource consumption.
Instead, it is more reasonable to introduce a new MAC RAR format for the SuccessRAR. With the new design, the gNB is able to transmit the TA command, C-RNTI, and contention resolution ID in one MAC PDU. Consequently, the gNB only needs to perform LBT once for SuccessRAR transmission. From the perspective of UE, it is easier to interpret the bitstream in MAC PDU. For example, once the UE detects the SuccessRAR, where the contention resolution ID matches the payload part transmitted in msgA, it can consider the contention resolution is successful and does not need to read the remaining response information in following MAC subPDU. And then, the UE can stop the MsgB reception timer and complete the 2-step RACH procedure.
In conclusion, it is beneficial to multiplex the TA command, C-RNTI, and contention resolution ID into the same MAC PDU. And we have the proposal as follow,
[bookmark: _GoBack]Proposal 2: If CCCH SDU is included in the MsgA, the SuccessRAR (i.e., TA command, C-RNTI, and contention resolution ID) responded to a UE cannot be split into more than one separate MAC PDU.
Whether we can multiplex multiple RRC messages for different UEs 
The next question is whether to multiplex multiple RRC messages for different UEs into one MsgB. On one hand, considering that the background that 2-step RACH is originally introduced to reduce the number of LBT checks, it is a logical NW implementation to multiplex multiple RRC messages into one MAC PDU, if the MsgB-RNTI computed by these UEs is the same. On the other hand, the size of RRC message (e.g., RRCSetup, RRCResume) is large, which has a bad influence on UE power saving and processing delay. Thus, even though we can multiplex RRC messages into one MsgB from the technical point of view, this feature should be implemented by the NW optionally. 
Further, we would like to provide our understanding on whether it is feasible to multiplex RRC messages together into the MsgB. Firstly, we need to consider how to multiplex the SuccessRAR and a RRC message for the same UE together into the MsgB. As proposed by our companion papar [3], a potential design for the SuccessRAR format, as shown in Figure 1, and DL MAC PDU, as shown in Figure 2, can be as follow,


Figure 1: An example of SuccessRAR for 2-step RACH


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 2: An example of DL MAC PDU for 2-step RACH
Specifically, the field “T2” in the SuccessRAR is to indicate the type of MAC RAR. For example, the value “0” represents that the FallbackRAR is transmitted while “1” represents that the SuccessRAR is present. Then if “T2” is set to 1, the UE will interpret the following field “T3”. We can make a pre-definition that if an RRC message is transmitted in the MsgB for UE 1 who is supposed to solve the contention resolution, the MAC subPDU including RRC message for UE 1 will follow the subPDU including the SuccessRAR for UE 1. Besides, the field “T2” is set to 1. 
With applying the design given above, when multiple RARs and RRC messages for different UEs are multiplexed into one MAC PDU, each UE firstly read the field “T2” and “T3” to distinguish whether a SuccessRAR and a corresponding RRC message are included. Secondly, the UE compares the received contention resolution ID, to find out whether it matches the payload part transmitted in msgA or not. If a matched contention resolution ID has been successfully received, the UE will continue to disassemble and demultiplex to the following RRC message and then stop reading the remaining bitstream. Otherwise, the UE will keep on trying to find out a matched FallbackRAR or SuccessRAR until the MsgB reception timer expires.
Based on the analysis above, we can conclude that it is feasible and beneficial for NR-U to multiplex multiple RRC messages for different UEs into a MAC PDU. It can be implemented by the NW optionally.
Proposal 3: Multiple RRC messages for different UEs can be optionally multiplexed into one MsgB. 
The content of SuccessRAR if C-RNTI is included in MsgA
According to the contention resolution procedure text of the TS 38.321 quoted as follows [4], if the C-RNTI MAC CE is included in the Msg3, the contention resolution will be considered as solved by receiving the PDCCH addressed to the C-RNTI or the PDCCH addressed to the C-RNTI which schedules a UL grant for a new transmission, based on the specific trigger event.
	1>	if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:
2>	if the C-RNTI MAC CE was included in Msg3:
3>	if the Random Access procedure was initiated for beam failure recovery (as specified in clause 5.17) and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:
4>	consider this Contention Resolution successful;


Similarly to the legacy 4-step RACH, the content of SuccessRAR for RRC CONNECTED UE in 2-step RACH also varies from case to case. More specifically, 
For the case of DL data arrival when UL is non-synchronised, the SuccessRAR should include a 12-bits TA command.
For the case of SR failure, synchronous reconfiguration requested by RRC, UL data arrival when UL is non-synchronised, no available SR resource, the SuccessRAR should include both a 12-bits TA command and a UL grant for a new transmission.
For the case of BFR, contention resolution is considered as successful if PDCCH addressed to C-RNTI is received. Whether a SuccessRAR should be scheduled by the PDCCH scrambled by C-RNTI is up to NW implementation. If a ScueessRAR is included in the MsgB, it should contain a UL grant for subsequent UL data transmission. 
Based on the analysis given above, the gNB shall be able to schedule the UE with a TA Command of 12 bits and/or a UL grant for a new transmission in MsgB via PDDCH addressed to C-RNTI, if both the PRACH and PUSCH of MsgA has been successfully decoded. Therefore, the format of SuccessRAR needs to be designed for the TA Command of 12 bits and the UL grant for a new transmission. Then the gNB is able to transmit PDCCH scrambled by C-RNTI and a corresponding MAC PDU including a TA Command of 12 bits. 
Proposal 4: The SuccessRAR consisting of the 12-bits TA command and/or a UL grant for a new transmission needs to be introduced if C-RNTI MAC CE is included in the MsgA.
Further, we have to allocate a reserved LCID to the new MAC CE, so that the MAC entity in UE can correctly distinguish and interpret the received MAC CE.
Proposal 5: RAN2 to use a reserved LCID to the SuccessRAR.
Conclusions
In this contribution, we have discussed the fallback procedure from 2-step to 4-step RACH and the related issues. All proposals we have are listed in the following:
Proposal 1: The SuccessRAR should consist of a UE-specific UL grant if CCCH SDU is included in the MsgA.
[bookmark: OLE_LINK6]Proposal 2: If CCCH SDU is included in the MsgA, the SuccessRAR (i.e., TA command, C-RNTI, and contention resolution ID) responded to a UE cannot be split into more than one separate MAC PDU.
Proposal 3: Multiple RRC messages for different UEs can be optionally multiplexed into one MsgB. 
Proposal 4: The SuccessRAR consisting of the 12-bits TA command and/or a UL grant for a new transmission needs to be introduced if C-RNTI MAC CE is included in the MsgA.
Proposal 5: RAN2 to use a reserved LCID to the SuccessRAR.
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