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[bookmark: _GoBack]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The objectives of 2-step RACH WID include:
	· 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)


[bookmark: OLE_LINK4][bookmark: OLE_LINK3]In this contribution, we discuss RA response considering both NR Rel-15 UEs and UEs performing 2-step RACH in one cell. Based on the discussion, we suggest that there should be two types of RAR MAC PDU: Msg2 MAC PDU and msgB MAC PDU. Msg2 MAC PDU is used to indicate Msg3 transmission for normal 4-step RACH and 4-step RACH fallback; and msgB MAC PDU is used to indicate contention resolution for idle/inactive UEs.
Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]Msg2 MAC PDU and msgB MAC PDU
After UE sent msgA, it is possible for gNB to receive preamble plus PUSCH, or preamble only.
1) Case 1: gNB received both preamble and PUSCH
In case 1, gNB should send RA response for contention resolution.
Idle/inactive UEs
If the RACH procedure is triggered by a UE in idle/inactive mode, the necessary contents of msgB include:
· TAC: 12bit;
· C-RNTI: 16bit;
· CCCH SDU: 48bit.
The minimal size of msgB is 76 bits (~10 bytes). A new MAC RAR named msgB RAR should be introduced. An example of msgB RAR is shown in Figure 1.
Since msgB RAR and Msg2 RAR are of different sizes, they cannot be multiplexed together in a same MAC PDU.
Observation 1: msgB RAR and Msg2 RAR cannot be multiplexed together in a same MAC PDU.



[bookmark: _Ref7110956]Figure 1 An example of msgB RAR (for idle/inactive UE)

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Whether RAPID (preamble ID) is needed depends on the MAC PDU structure. From observation 1, it appears that a separate MAC PDU named msgB MAC PDU should be used to indicate contention resolution for multiple idle/inactive UEs running the 2-step RACH procedure. The msgB MAC PDU contains one or multiple MAC subPDU(s) consisting of msgB RAR (Figure 1) plus its subheader, and an optional BI subheader.
When multiple msgB RARs for different UEs are multiplexed in one MAC PDU, each UE receiving the MAC PDU should read the MAC subheaders first and then get corresponding msgB RAR if the MAC subheader has UE specific information. This is because from receiver perspective it is much more efficient to parse the subheaders only rather than parsing each and every msgB RAR to detect if it is destined to the UE. The only UE specific information that can be included in MAC subheader is RAPID. The MAC subheader including RAPID as NR Rel-15 (Figure 2) can be reused.
An example of msgB MAC PDU is shown in Figure 3.



[bookmark: _Ref7111352]Figure 2  MAC subheader with RAPID



Figure 3 An example of msgB MAC PDU

Observation 2: RAPID is needed in MAC subheader for distinguishing MAC subPDUs for different UEs.

Connected UEs
As further elaborated in [3] we prefer PDCCH with C-RNTI to indicate the contention resolution for connected UEs. Meanwhile, the PDCCH with C-RNTI should schedule a PDSCH including TAC MAC CE.
If MAC RAR is used to indicate contention resolution for connected UEs, the contents of msgB should include: TAC, UL grant and C-RNTI. The size of RAR for connected UEs is 7 bytes. Then the same RAR format as Msg2 RAR in NR Rel-15 could be used. It is difficult to be multiplexed with msgB RAR in Figure 1 because of different sizes (7 bytes vs. 10 bytes). 

[bookmark: _Ref7168472][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 1: The contents of msgB for idle/inactive UE include: TAC (12bit), C-RNTI (16 bit), CCCH SDU (48bit).
[bookmark: _Ref7168483]Proposal 2: One new msgB RAR (10 bytes) should be introduced to indicate contention resolution for idle/inactive UEs.

2) Case 2: gNB received preamble only
When gNB received preamble only, we propose in [3] that the 2-step procedure falls back to the 4-step procedure. This is simply achieved by gNB responding the same contents as Msg2 RAR in NR Rel-15. The contents of msgB in case 2 include: TAC, UL grant, and TC-RNTI. In this case, the Msg2 RAR in NR Rel-15 as Figure 4 can be reused.



[bookmark: _Ref7115457]Figure 4 MAC RAR as NR Rel-15

[bookmark: _Ref7168490]Proposal 3: The contents of msgB for 4-step RACH fallback include: TAC, UL grant, and TC-RNTI. MAC RAR in NR Rel-15 can be reused.
Since the same MAC RAR format can be used, the msgB for 4-step RACH fallback and Msg2 in normal 4-step RACH can be multiplexed in one MAC PDU. We call it Msg2 MAC PDU and the same Msg2 MAC PDU format in NR Rel-15 should be used as Figure 5.


[bookmark: _Ref7117404]Figure 5 An example of Msg2 MAC PDU

[bookmark: _Ref7168495]Proposal 4: There are two types of RAR MAC PDU: Msg2 MAC PDU and msgB MAC PDU. Msg2 MAC PDU is used to indicate Msg3 transmission for normal 4-step RACH and 4-step RACH fallback; and msgB MAC PDU is used to indicate contention resolution for idle/inactive UEs.
[bookmark: _Ref7168502]Proposal 5: The Msg2 MAC PDU has the same format as NR Rel-15. MAC RAR used as msgB for 4-step RACH fallback and Msg2 RAR of normal 4-step RACH can be multiplexed in one Msg2 MAC PDU.
Reception of Msg2 MAC PDU and MsgB MAC PDU
In section 2.1, we get 2 separate MAC PDUs: Msg2 MAC PDU and msgB MAC PDU. UE performing 4-step RACH should monitor and receive Msg2 MAC PDU. UE performing 2-step RACH should monitor both Msg2 MAC PDU and msgB MAC PDU. And since they have different formats (at least MAC subPDU sizes are different), UE must be able to differentiate their DL assignment.
RAN1 reached below agreements in last meeting. In the option 2 of the RAN1 agreements, if the same RA-RNTI formula is used for 2-step RACH and 4-step RACH, an NR Rel-15 UE could possibly receive a msgB MAC PDU but cannot identify it not for it. Similarly, a Rel-16 UE cannot differentiate a DL assignment to RA-RNTI for a Msg2 MAC PDU from that for a msgB MAC PDU.
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH


Hence, different RA-RNTIs should be used to distinguish Msg2 MAC PDU and msgB MAC PDU. There are two alternatives.
· Alt1: different RA-RNTI (RA-RNTImsgB) is used for msgB MAC PDU monitoring and reception.
In Alt1, RA-RNTI is used to scramble both PDCCH for Msg2 MAC PDU and Msg2 MAC PDU itself. A new RNTI (RA-RNTImsgB) is used to scramble both PDCCH for msgB MAC PDU and msgB MAC PDU itself.
Different RNTI value space should be used for RA-RNTI and RA-RNTImsgB.
For example, the maximum value of RA-RNTI in NR Rel-15 is 17920, and then the formula of RA-RNTImsgB could be:
RA-RNTImsgB = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id +17920
The advantage of Alt1 is simple. The drawbacks of Alt1 are: 1) a large RNTI value space is needed; 2) UE performing 2-step RACH should monitor PDCCH with RA-RNTI and RA-RNTImsgB simultaneously.

· Alt2: RA-RNTI is used to scramble PDCCH, and RA-RNTImsgB is used to scramble msgB MAC PDU
In Alt2, RA-RNTI is used to scramble: PDCCH for Msg2 MAC PDU, Msg2 MAC PDU, and PDCCH for msgB MAC PDU. RA-RNTImsgB is used to scramble msgB MAC PDU.
RA-RNTImsgB can be deduced by RA-RNTI plus an offset. Or RA-RNTImsgB can be calculated via the time-frequency resource location of PUSCH with the same formula of RA-RNTI.
UE performing 2-step RACH should monitor PDCCH with RA-RNTI only, but needs to descramble received PDSCH with both RA-RNTI and RA-RNTImsgB.
Because of different RNTIs for PDCCH and msgB MAC PDU, NR Rel-15 UE can receive PDSCH for msgB MAC PDU but can’t decode it correctly, so msgB MAC PDU will not be delivered to L2 and there is no impact on NR Rel-15 UE except energy consumption.
The advantages of Alt2 are: 1) no need to extend RNTI value space; 2) UE performing 2-step RACH should monitor PDCCH with RA-RNTI only.
The drawbacks of Alt2 are: 1) UE performing 4-step RACH will waste energy to decode msgB MAC PDU; 2) UE performing 2-step RACH should descramble received PDSCH with both RA-RNTI and RA-RNTImsgB.
[bookmark: _Ref7168505]Proposal 6: Different RA-RNTIs should be used for Msg2 MAC PDU and msgB MAC PDU.
[bookmark: _Ref7168508]Proposal 7: If proposal 8 can be agreed, further discuss and decide one solution between: 1) RA-RNTImsgB is used to scramble PDCCH and msgB MAC PDU; and 2) RA-RNTI is used to scramble PDCCH, and RA-RNTImsgB is used to scramble msgB MAC PDU.

RAR window
In last meeting, we agreed that:
	Agreements:
1. Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
2. The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback. 
3. If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB.  FFS for other conditions.  



Based on the agreements and above discussion, UE performing 2-step RACH should monitor two overlapped windows as shown in Figure 6-left. To simplify the specification description and UE behavior, it is better to combine the two windows into one extended msgB window as Figure 6-right.


[bookmark: _Ref7168199]Figure 6 Combine Msg2 window and msgB window into one window
[bookmark: _Ref7168512]Proposal 8: There is only one msgB window started after PDCCH transmission for both Msg2 and msgB reception.
Conclusion
This contribution discusses the reception of Msg2 and msgB.
Proposal 1: The contents of msgB for idle/inactive UE include: TAC (12bit), C-RNTI (16 bit), CCCH SDU (48bit).
Proposal 2: One new msgB RAR (10 bytes) should be introduced to indicate contention resolution for idle/inactive UEs.
Proposal 3: The contents of msgB for 4-step RACH fallback include: TAC, UL grant, and TC-RNTI. MAC RAR in NR Rel-15 can be reused.
Proposal 4: There are two types of RAR MAC PDU: Msg2 MAC PDU and msgB MAC PDU. Msg2 MAC PDU is used to indicate Msg3 transmission for normal 4-step RACH and 4-step RACH fallback; and msgB MAC PDU is used to indicate contention resolution for idle/inactive UEs.
Proposal 5: The Msg2 MAC PDU has the same format as NR Rel-15. MAC RAR used as msgB for 4-step RACH fallback and Msg2 RAR of normal 4-step RACH can be multiplexed in one Msg2 MAC PDU.
Proposal 6: Different RA-RNTIs should be used for Msg2 MAC PDU and msgB MAC PDU.
Proposal 7: If proposal 8 can be agreed, further discuss and decide one solution between: 1) RA-RNTImsgB is used to scramble PDCCH and msgB MAC PDU; and 2) RA-RNTI is used to scramble PDCCH, and RA-RNTImsgB is used to scramble msgB MAC PDU.
Proposal 8: There is only one msgB window started after PDCCH transmission for both Msg2 and msgB reception.
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