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1 Introduction

In last RAN2#105bis meeting, it has 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.  
In this paper, we discuss how to perform the contention resolution.
2 Discussion

2.1 Contention resolution for legacy 4-step RACH
For contention based 4-step RACH in current MAC specification, there are two cases specified for the UE to consider successful of contention resolution, i.e.,:

· C-RNTI MAC CE was included in msg3

· CCCH SDU was included in msg3

If the C-RNTI MAC CE was included in msg3, the MAC entity considers contention resolution successful if C-RNTI addressed PDCCH is received, as specified in the following:

	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 subclause 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 thePDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>
consider this Random Access procedure successfully completed.


Observation 1 If C-RNTI MAC CE was included in msg3, contention resolution is successful when PDCCH addressed to the C-RNTI is received (BFR and PDCCH order based RACH) or when PDCCH addressed to the C-RNTI is received and contains a UL grant for a new transmission (other Connected mode RACH).

If the C-RNTI MAC CE is not included in msg3, i.e., CCCH SDU case, the MAC entity considers contention resolution successful if UE Contention Resolution Identity included in msg4 matches the CCCH SDU transmitted in msg3, as specified in the following:

else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:

3>
if the MAC PDU is successfully decoded:

4>
stop ra-ContentionResolutionTimer;

4>
if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4>
if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:

5>
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

5>
if this Random Access procedure was initiated for SI request:

6>
indicate the reception of an acknowledgement for SI request to upper layers.

5>
else:

6>
set the C-RNTI to the value of the TEMPORARY_C-RNTI;

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Random Access procedure successfully completed.

Observation 2 If CCCH SDU was included in msg3, contention resolution is successful when Contention Resolution Identity included in msg4 matches the CCCH SDU in msg3.
2.2 RNTI for msgB reception

It’s not clear in the case when msgA includes CCCH SDU, what RNTI can be used for the gNB to schedule msgB. In 4-step RACH, the situation is similar, in which Temporary C-RNTI (TC-RNTI) is used for the PDCCH scheduling msg4. TC-RNTI is included in the RAR which is scheduled by RA-RNTI addressed PDCCH. 

In general, there are two options to consider the RNTI:

· Option1: Use a reserved RNTI, e.g., similar with C-RNTI, for the scheduling of msgB;

· Option2: Use a RA-RNTI for the scheduling of msgB;

For option 1, it’s difficult for the network to reserved ID for all the UEs, considering 2-step RACH is also used in RRC IDLE state and RRC Inactive state. Besides, it’s not necessary to use a reserved ID for scheduling msgB for contention resolution, since anyway the contention resolution ID has already been included in msgB as agreed.

For option 2, since msgB needs to support fallback 4-step RACH RAR and BI which are addressed to multiple UEs which uses the same RO to transmit the preamble of msgB. We think RA-RNTI can still be used for 2-step RACH UE to receive msgB, at least msgB includes fallback RAR and BI indication.
In 4-step RACH, RA-RNTI is calculated based on the RO, as follows:

The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id

where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in subclause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
Proposal 1 In 2-step RACH, UE monitors RA-RNTI addressed PDCCH scheduling msgB, the msgB may include BI indication and fallback to 4-step RACH indication.

2.3 Contention resolution procedure for 2-step RACH
To discuss the contention resolution for msgB reception, there are two cases:

· Case 1: 2-step RACH triggered when UE in RRC Connected state (except 2-step RACH triggered due to RRC re-establishment), in this case msgA includes C-RNTI MAC CE;

· Case 2: 2-step RACH triggered when UE in IDLE, Inactive or for RRC re-establishment, in this case msgA includes CCCH SDU;

2.3.1 Contention resolution for case1

For case 1, the C-RNTI MAC CE was included in msgA. For contention resolution purpose, there are in general two options:

· Option1: msgB is scheduled by a PDCCH scrambled with a C-RNTI, contention resolution is successful if UE receives the C-RNTI scrambled PDCCH.

· Option2: a C-RNTI MAC CE is included in msgB, contention resolution is successful if the C-RNTI MAC CE is the same with that included in msgA;

Basically, the Case 1 is similar to the case when C-RNTI was included in msg3 in 4-step RACH. It's straightforward to consider contention resolution to be based on reception of PDCCH addressed to C-RNTI, like the way in 4-step RACH. For option 2, a new C-RNTI MAC CE needs to be introduced and it may needed to be multiplexed with MAC PDU scheduled by RA-RNTI addressed PDCCH, which is supposed to be addressed to multiple UEs. It would cause extra payload overhead to msgB, and also cause extra specification efforts to design a new format of RAR, so we propose:
Proposal 2 If C-RNTI MAC CE was included in msgA, contention resolution is based on receiving a PDCCH scrambled with the C-RNTI.

Meanwhile, since C-RNTI is addressed to a specific UE, some parts of the contents in RAR for 4-step RACH needs to be included in the MAC PDU scheduled by the C-RNTI. We think TA command should be at least included. Also, considering in 4-step RACH, for the case when RACH is triggered when the UE is in connected state, one condition for contention resolution is based on the reception of C-RNTI addressed PDCCH and contain an UL for new transmission, so we propose:

Proposal 3 At least TA command should be included in the MAC PDU scheduled by the C-RNTI addressed PDCCH.

Besides, for case 1 situation, since network may also respond fallback to 4-step RACH indication and BI indication which is scheduled by RA-RNTI scrambled PDCCH, so UE would need to also monitor this part in case when preamble is decoded by network but not the PUSCH, or neither or them is decoded by the network.

Proposal 4 If UE transmits msgA including C-RNTI MAC CE, it should monitor both RA-RNTI scramble PDCCH scheduling msgB for BI and fall back information, and C-RNTI scrambled PDCCH for contention resolution.
2.3.2 Contention resolution for case2
For case2, as agreed in RAN2#105bis meeting, if CCCH SDU was included in msgA, contention resolution is based on the contention resolution ID included in msgB.

Given the agreement, there are two options to transmit the contention resolution ID:
· Option 1: multiplex the Contention resolution ID in the same MAC PDU scheduled by RA-RNTI addressed PDCCH;

· Option 2: contention resolution ID is in a different MAC PDU from the MAC PDU scheduled by RA-RNTI addressed PDCCH;

For option 1, as also indicated by [2], it will need to design a new RAR format which multiplex BI, fall back to 4-step RACH RAR, and also contention resolution ID into a same MAC PDU. The benefit is that UE needs to receive only one MAC PDU for all the cases, however, it’s not possible to support HARQ retransmission for msgB and also it cause extra specification efforts to design a new format for RAR.
For option 2, actually, msgB is divided by two parts: msgB1 and msgB2. The msgB1 is addressed to multiple UEs which can include the BI response and fallback response. For this part, the MAC PDU format can be the same as the RAR in 4-step RACH. MsgB2 can be used for sending contention resolution indication which is scheduled by TC-RNTI/C-RNTI addressed PDCCH. The TC-RNTI/C-RNTI is obtained from msgB1. An example can be illustrated in the following figure:
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Another alternative is to introduce a “DL assignment” in the MAC RAR [3], so that UE can receive the scheduling information from B1 and directly decode msgB2. An example can be illustrated in the following figure:
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Proposal 5 If CCCH SDU was included in msgA, contention resolution ID is in a different MAC PDU from the RAR scheduled by RA-RNTI addressed PDCCH.

Proposal 6 RAR includes either TC-RNTI/C-RTNI or DL assignment for the UE to receive MAC PDU with contention resolution ID.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
If C-RNTI MAC CE was included in msg3, contention resolution is successful when PDCCH addressed to the C-RNTI is received (BFR and PDCCH order based RACH) or when PDCCH addressed to the C-RNTI is received and contains a UL grant for a new transmission (other Connected mode RACH).
Observation 2
If CCCH SDU was included in msg3, contention resolution is successful when Contention Resolution Identity included in msg4 matches the CCCH SDU in msg3.
Proposal 1
In 2-step RACH, UE monitors RA-RNTI addressed PDCCH scheduling msgB, the msgB may include BI indication and fallback to 4-step RACH indication.
Proposal 2
If C-RNTI MAC CE was included in msgA, contention resolution is based on receiving a PDCCH scrambled with the C-RNTI.
Proposal 3
At least TA command should be included in the MAC PDU scheduled by the C-RNTI addressed PDCCH.
Proposal 4
If UE transmits msgA including C-RNTI MAC CE, it should monitor both RA-RNTI scramble PDCCH scheduling msgB for BI and fall back information, and C-RNTI scrambled PDCCH for contention resolution.
Proposal 5
If CCCH SDU was included in msgA, contention resolution ID is in a different MAC PDU from the RAR scheduled by RA-RNTI addressed PDCCH.
Proposal 6
RAR includes either TC-RNTI/C-RTNI or DL assignment for the UE to receive MAC PDU with contention resolution ID.
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