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Stage 3 impact on the skeleton of MAC specs
In the current MAC specs, the following sections are specified for RACH procedure
· 5.1.1	Random Access procedure initialization
· 5.1.2	Random Access Resource selection
· 5.1.3	Random Access Preamble transmission
· 5.1.4	Random Access Response reception
· 5.1.5	Contention Resolution
· 5.1.6	Completion of the Random Access procedure 
In this section, the impact on current skeleton of MAC specs will be discussed.

For Random Access procedure initialization
Since the RACH type (i.e. 2-step RACH or 4-step RACH) should be determined in the initialization phase, the initialization section shall be common for 4-step RACH and 2-step RACH. However, even if the initialization section is common, considering that the parameters and variables used in 2-step RACH and 4-step RACH may be different. Some 2-step RACH specific description and 4-step RACH specific description will be needed in the section for initialization.
Proposal 1: The section “5.1.1	Random Access procedure initialization” shall be common for 2-step RACH and 4-step RACH, with some 2-step RACH specific description and 4-step RACH specific description.

For MsgA resource selection
In the current specs, the section “5.1.2 Random Access Resource selection” is used to capture the selection of preamble resource. For the 2-step RACH, the selection of MsgA resource needs to be captured, which consists of the selection of preamble resource for preamble transmission and the PUSCH resource for payload transmission. Therefore, to capture the resource selection of MsgA, the following two alternatives can be considered:
· Alt1: Capture the selection of MsgA resource in “5.1.2	Random Access Resource selection”
· Alt2: Capture the selection of MsgA resource in a separate section (i.e. 5.1.2a Random Access Resource selection for 2-step RACH)
· Alt3: Capture the selection of preamble for MsgA in “5.1.2	Random Access Resource selection” and capture the selection of PUSCH for payload of MsgA in a separate section (i.e. 5.1.2a PUSCH resource selection for MsgA)
Based on the agreements in RAN1, besides the PUSCH resource for payload transmission, which is specific for 2-step RACH, the preamble resources (i.e. preamble and RO) allocated for 2-step RACH and 4-step RACH shall be separate and different (i.e. the same preamble resource shall not be allocated to both 2-step RACH and 4-step RACH ). In addition, even though no final conclusions are made, it seems very much likely that separate IEs (or the same IEs with different value) can be configured for 2-step RACH for the purpose of resource selection. 
Observation 1: The RA resource selection for 2-step RACH and 4-step RACH will be made among separate resource pools (i.e. the same preamble resource will not be allocated for both 2-step RACH and 4-step RACH simultaneously) and separate parameters for the resource selection can be configured for 2-step RACH and 4-step RACH.
Therefore, based on the observation1, even if we capture the resource selection for 2-step RACH in current section “5.1.2	Random Access Resource selection”, separate description will be needed for the PUSCH resource selection and a separate branch will be added in the resource selection for preamble, which make the section less readable and increase the complexity. 
Observation 2: Even if we capture the resource selection for 2-step RACH in current section “5.1.2Random Access Resource selection”, separate part will be needed for the PUSCH resource selection and a separate branch will be necessary in the resource selection for preamble, which will make the section less readable and increase the complexity.
Since no common description (or quite limited common part) can be used for the resource selection for 2-step RACH and 4-step RACH. We give our proposal as follows:
Proposal 2: A separate section (i.e. 5.1.2a Random Access Resource selection for 2-step RACH) shall be introduced to capture the resource selection for MsgA, including the resource selection for both the preamble resource and PUSCH resource.

For MsgA transmission
For the “5.1.3	Random Access Preamble transmission”, in the current specs, only the preamble transmission is captured in 5.1.3. In 2-step RACH, since the MsgA transmission consist of preamble transmission and PUSCH transmission. Similar to the resource selection discussed above, we have the following alternatives:
· Alt1: Capture the transmission of MsgA in current section “5.1.3	Random Access Preamble transmission”, and rename the section to cover the MsgA transmission.
· Alt2: Capture the transmission of MsgA in a separate section (i.e. “5.1.3a	MsgA transmission for 2-step RACH”)
· Alt3: Capture the preamble transmission of MsgA in “5.1.3	Random Access Preamble transmission” and capture the transmission of payload of MsgA in a separate section (i.e. “5.1.3a Payload transmission of MsgA”)
For 2-step RACH, since the transmission of preamble and payload is considered as a whole MsgA, we think the a single section shall be used to capture the transmission of the whole MsgA, instead of having two separate section for the preamble transmission and payload transmission separately (i.e. the alternative 3 shall be excluded), and the PHY related variables for both preamble transmission and payload transmission shall be delivered to PHY together as a bundle. 
Observation 3: A single section shall be used to capture the transmission of MsgA, instead of having two separate section for the preamble transmission and payload transmission separately, and the PHY related variables for both preamble transmission and payload transmission shall be delivered to PHY together as a bundle
For the alternative 1 and alternative 2, even though no final conclusion are made, it seems likely that separate power control parameters for preamble transmission for 2-step RACH and 4-step RACH may be allowed. Also considering the PUSCH transmission for payload of MsgA is specific for 4-step RACH, in order to minimize the impact on current description for 4-step RACH, we prefer to have a separate section for MsgA transmission.
Proposal 3: A separate section (i.e. 5.1.3a MsgA for 2-step RACH) shall be introduced to capture the MsgA transmission, including both the preamble transmission and payload transmission.

For the reception of MsgA response
Based on the agreements made in previous meeting, the response for MsgA can be either a PDSCH transmission scheduled by PDCCH addressed to C-RNTI (i.e. in case the C-RNTI is included in MsgA), or a PDSCH transmission scheduled by PDCCH addressed to RA-RNTI (i.e. in case the CCCH is included in MsgA). For the case CCCH message is included in MsgA, the response can be either a success RAR of a fallback RAR. And in success RAR, the contention resolution ID will be included in MsgB. Based on the information above, it can be observed that the operation for the reception of MsgA response in 2-step RACH is quite different from the operation for the reception of RA response in 4-step RACH. To minimize the impact on the description for 4-step RACH, we propose to have a separate section to capture the operation for the reception of MsgA response. 
In addition, since the contention resolution ID will be included as part of the success RAR, the contention resolution for 2-step RACH ,except the fallback case in which the contention resolution of 4-step RACH will be used, shall be addressed in this section as well (i.e. no separate section for 2-step RACH is required). For the fallback case (i.e. a corresponding fallback RAR is received), since the UE is required to fall back to 4-step RACH operation and take the same operation as legacy 4-step RAR is received, the operation for fallback case can refer to the description in “5.1.4 Random Access Response reception”.
Proposal 4: A separate section shall be introduced to capture the operation for the reception of MsgA response (i.e. 5.1.4a Random Access Response reception for 2-step RACH), also including the contention resolution for 2-step RACH (i.e. no separate section for contention resolution is needed for 2-step RACH). 
Proposal 5: For the fallback case, the detail of fallback operation shall refer to the description in “5.1.4 Random Access Response reception” (i.e. take the same behaviour as the 4-step RACH RAR is received).

Besides the sections for the description of RACH procedure, the following sections are used to describe the MAC PDU format:
· 6.1.5	MAC PDU (Random Access Response)
· 6.2.2	MAC subheader for Random Access Response
· 6.2.3	MAC payload for Random Access Response
Even though no conclusions have been made on the PDU format for 2-step RACH, it is very much likely the PDU format for 2-step RACH will be different from the PDU format for 4-step RACH, thus separate section shall be introduced to capture the PDU format for 2-step RACH.
For the PDU format for MAC RAR, which is captured in “6.2.3 MAC payload for Random Access Response”, in 2-step RACH, two types of MAC RAR will be supported: Success RAR and fallback RAR. Based on the agreements made in previous meeting, it is clear that different PDU format will be defined for success RAR, and it is FFS whether the MAC RAR defined in “6.2.3	MAC payload for Random Access Response” can be reused for fallback RAR (e.g. whether 1bit within the RAR shall be used to distinguish the success RAR and fallback RAR).
Based on the views above, we give our proposal as follows:
Proposal 6: The following new sections will be introduced to capture the PDU format for 2-step RACH.
· 6.1.5a	MAC PDU for 2-step RACH (Random Access Response for 2-step RACH)
· 6.2.2a	MAC subheader for Random Access Response for 2-step RACH
· 6.2.3a	MAC payload for Success Random Access Response for 2-step RACH
NOTE: It is FFS whether the MAC RAR defined in “6.2.3	MAC payload for Random Access Response” can be reused for fallback RAR.
Other stage3 issues
Modeling of the payload part of MsgA
In the current MAC specs, the following transport channels can be supported. 
----------------------------------------- From 38.321 f60 Start -------------------------------------------
[bookmark: _Toc12751520]4.2.2	MAC Entities
The MAC entity of the UE handles the following transport channels:
-	Broadcast Channel (BCH);
-	Downlink Shared Channel(s) (DL-SCH);
-	Paging Channel (PCH);
-	Uplink Shared Channel(s) (UL-SCH);
-	Random Access Channel(s) (RACH).
----------------------------------------- From 38.321 f60 End -------------------------------------------
For the 2-step RACH, since both the preamble and payload can be transmitted in MsgA, one issue is how to model the payload part of MsgA, and the following alternatives can be considered:
· Alt1: The payload part of MsgA is mapped to UL-SCH, in which case the MsgA consist of both the RACH (i.e. preamble) and UL-SCH (i.e. payload part of MsgA).
· Alt2: The Payload part of MsgA is mapped to RACH as well, in which case the CCCH/DCCH can be mapped to RACH.
Considering the payload part of MsgA is transmitted through PUSCH, which is mapped to UL-SCH, also considering the impact on specs, we propose to take the alternative 1 and the payload part of MsgA shall be mapped to UL-SCH.
Proposal 7: The payload part of MsgA is mapped to UL-SCH.

Use of Msg3 buffer
In 4-step RACH, Msg3 buffer will used to store the MAC PDU from the Multiplexing and assembly entity, which will be transmitted in Msg3. In 2-step RACH, since the MAC PDU will be transmitted as the payload of MsgA, it is FFS whether the Msg3 buffer will be used or a new buffer will be introduced for 2-step RACH (e.g. MsgA buffer)?
In 2-step RACH, the fallback operation has already been agreed, and the UE can fall back to 4-step RACH by a fallback RAR in MsgB. In such case, the MAC PDU buffered in “MsgA buffer” shall also be used in Msg3 transmission. Therefore, a common buffer for RACH message is proposed for both 2-step RACH and 4-step RACH, and the Msg3 buffer can be renamed to RACH-Msg buffer.
Proposal 8: The Msg3 buffer will be reused for 2-step RACH and the Msg3 buffer will be renamed to RACH-Msg buffer.

How to capture the TA command for case C-RNTI is included in MsgA
In the previous meeting, it has been agreed that: 
-------------------------------------------- Agreed in RAN23106 ----------------------------------------
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.
-------------------------------------------- Agreed in RAN23106 ----------------------------------------
It can be observed a 12bits TA command shall be supported for 2-step RACH, and the 12bits TA command will be included in the PDSCH transmission scheduled by the PDCCH addressed to C-RNTI, in case C-RNTI is included in MsgA.
In the current specs, only the TAC MAC CE with 6bits TAC has been defined
-------------------------------------------- From 38.321 f60 start--------------------------------------------------
[bookmark: _Toc12751597]6.1.3.4	Timing Advance Command MAC CE
The Timing Advance Command MAC CE is identified by MAC subheader with LCID as specified in Table 6.2.1-1.
It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.4-1):
-	TAG Identity (TAG ID): This field indicates the TAG Identity of the addressed TAG. The TAG containing the SpCell has the TAG Identity 0. The length of the field is 2 bits;
-	Timing Advance Command: This field 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.


Figure 6.1.3.4-1: Timing Advance Command MAC CE
-------------------------------------------- From 38.321 f60 End--------------------------------------------------
Considering that the 2-step RACH may be triggered by the SR, in which case the UE can not distinguish the type of TAC based on the on-going RA procedure, a new MAC CE for 12bits TAC with different LC ID shall be introduced.
Proposal 9: A new Timing Advance Command MAC CE (i.e. Timing Advance Command Type2) for 12bits TAC with different LCH ID shall be introduced.
Conclusions
Based on the discussion above, the following observations are shared: 
Stage 3 impact on the skeleton of MAC specs
Proposal 1: The section “5.1.1	Random Access procedure initialization” shall be common for 2-step RACH and 4-step RACH, with some 2-step RACH specific description and 4-step RACH specific description.
Observation 1: The RA resource selection for 2-step RACH and 4-step RACH will be made among separate resource pools (i.e. the same preamble resource will not be allocated for both 2-step RACH and 4-step RACH simultaneously) and separate parameters for the resource selection can be configured for 2-step RACH and 4-step RACH and .
Observation 2: Even we capture the resource selection for 2-step RACH in current section “5.1.2Random Access Resource selection”, separate part will be introduced for the PUSCH resource selection and a separate branch will be added in the resource selection for preamble, which will lead to negative impact on the readability and increase the complexity.
Proposal 2: A separate section (i.e. 5.1.2a Random Access Resource selection for 2-step RACH) shall be introduced to capture the resource selection for MsgA, including the resource selection for both the preamble resource and PUSCH resource.
Observation 3: A single section shall be used to capture the transmission of MsgA, instead of having two separate section for the preamble transmission and payload transmission separately, and the PHY related variables for both preamble transmission and payload transmission shall be delivered to PHY together as a bundle
Proposal 3: A separate section (i.e. 5.1.3a MsgA for 2-step RACH) shall be introduced to capture the MsgA transmission, including both the preamble transmission and payload transmission.
Proposal 4: A separate section shall be introduced to capture the operation for the reception of MsgA response (i.e. 5.1.4a Random Access Response reception for 2-step RACH), also including the contention resolution for 2-step RACH (i.e. no separate section for contention resolution is needed for 2-step RACH). 
Proposal 5: For the fallback case, the detail of fallback operation shall be referred to the description in “5.1.4 Random Access Response reception” (i.e. take the same behaviour as the 4-step RACH RAR is received).
Proposal 6: The following new section will be introduced to capture the PDU format for 2-step RACH.
· 6.1.5a	MAC PDU for 2-step RACH (Random Access Response for 2-step RACH)
· 6.2.2a	MAC subheader for Random Access Response for 2-step RACH
· 6.2.3a	MAC payload for Success Random Access Response for 2-step RACH
NOTE: It is FFS whether the MAC RAR defined in “6.2.3	MAC payload for Random Access Response” can be reused for fallback RAR.

Modeling of the payload part of MsgA
Proposal 7: The payload part of MsgA is mapped to UL-SCH.

Use of Msg3 buffer
Proposal 8: The Msg3 buffer will be reused for 2-step RACH and the Msg3 buffer will be renamed to RACH-Msg buffer.

How to capture the TA command for case C-RNTI is included in MsgA
Proposal 9: A new Timing Advance Command MAC CE (i.e. Timing Advance Command Type2) for 12bits TAC with different LCH ID shall be introduced.

Based on the proposals given above, the stage 3 running MAC CR for 2-step RACH is given in [3].
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