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1. Introduction
2-step RA has been discussed in NR. RAN2 expects a benefit in latency for the 2 step RA procedure. In this contribution, we discuss the procedure, contention resolution and fallback mechanism for 2-step RA from RAN2 point of view.
2. Discussion
2.1. The procedures of 4-step RA and 2-step RA
The procedures of 4-step RA and 2-step RA are shown in Figure 1. To avoid ambiguity with 4-step RA, we call the steps in 2-step RA as Step 1 and Step 2 in this contribution. Step 1 is similar to Msg1+Msg3 in 4-step RA. To transmit UL transmission in Step 1, we assume UL TA is not needed (such as small cell) or UL TA is maintained (such as connected UE with UL synchronization). Step 2 is similar to Msg2+Msg4 in 4-step RA. Because of the advantage of quick contention resolution and fast UL transmission, we assume that 2-step RA is applicable to all events without UL TA requirements.
RAN1 discusses the PRACH resource design, preamble sequences, and the physical channel for 2-step RA. RAN2 should discuss: 1) The contents in UL transmission of Step 1; 2) How to resolve the contention; 3) Fallback mechanism from 2-step RA to 4-step RA.
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Figure 1 RA procedure

Observation 1: Because of the advantage of quick contention resolution and fast UL transmission, it  could be assumed that 2-step RA is applicable to all events without UL TA requirements.
Observation 2: RAN2 should discuss three open issues of 2-step RA:

1) The contents in UL transmission of Step 1;

2) How to resolve the contention;

3) Fallback mechanism from 2-step RA to 4-step RA.

2.2. The contents in UL transmission of Step 1
2-step RA could be used as contention based RA without UL TA requirement. It is applicable to all six random access triggers/events in LTE, which are initial access, RRC Connection Re-establishment, handover, DL data arrival, UL data arrival, positioning purpose, and new event(s) in NR such as RRC resumption.
Referring to Msg3 design in LTE, different contents could be accommodated in Msg3 for different events. Meanwhile, RAN2 has agreed that “RAN2 should strive for as much commonality in random access procedure as possible across all use cases” and “From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size”. Hence we could take the LTE Msg3 contents as baseline, for example, RRC message via CCCH for initial access, RRC Connection Re-establishment and positioning purpose; RRC message via DCCH and C-RNTI for handover; and C-RNTI for DL data arrival and UL data arrival, and so on. Furthermore, the contents in UL transmission of Step 1 should be designed according to NR requirements and new events, such as RRC resumption.
Proposal 1: The contents in UL transmission of Step 1 could be designed taking LTE Msg3 contents as baseline and enhancements according to NR requirements and new events should be considered.

2.3. How to resolve the contention

Step 1 includes preamble and UL transmission, and the two parts could be decoded separately. In 4-step RA, MAC RAR is used for response to preamble, and Msg4 is used for response to Msg3 for contention resolution.
It is necessary to discuss how to resolve contention in 2-step RA according to different UE IDs in different events.
(1) UE IDs except for C-RNTI 
In LTE, Msg2 is used to distinguish PRACH resource location and preamble by RA-RNTI in PDCCH for Msg2 and RAPID in MAC subheader. RA-RNTI and Msg2 window are useful to preamble identification. We could maintain the mechanism of RA-RNTI and Msg2 window in NR and study the details based on RAN1 progress on preamble and PRACH design. Msg2 MAC PDU is multiplexed by multiple MAC subheaders and MAC RARs for different UEs. We could adopt this design in NR, and the MAC RARs for 2-step RA and 4-step RA could be multiplexed in one MAC PDU.
In LTE, if Msg3 includes RRC message via CCCH, Msg4 accommodated a CCCH MAC CE which includes the RRC message in Msg3 is used for contention resolution. In NR 2-step RA, UE ID could be transmitted in the data region of Step 1, and a MAC RAR including the UE ID in Step 2 could be used for contention resolution. The applicable events are initial access, RRC Connection Re-establishment and NB-IoT. Other applicable events in NR are FFS.
For 4-step RA, MAC RAR could include TAC, UL grant and Temporary C-RNTI as in LTE. For 2-step RA, TAC may be not needed and UE ID should be accommodated in the MAC RAR for contention resolution. However, we should consider the MAC RAR for 2-step RA and 4-step RA together to allow for design of a fallback mechanism.
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Figure 2
MAC subheader and MAC RAR of Msg2 in LTE
There are two options for common MAC RAR design.
· Option 1: Constant size MAC RAR and MAC RAR including all possible fields

As in LTE, the MAC PDU for random access response is multiplexed by multiple MAC RARs for different UEs and there is no length indication field in MAC subheader, then the size of MAC RAR must be a constant. Then all possible and necessary fields should be accommodated in the MAC RAR. An example of MAC RAR with all possible fields is shown in Annex A. 
· Option 2: Variable size MAC RAR and a length indication or type indication in MAC subheader
We could use a new MAC subheader which is different to that in LTE. The L field is used to indicate the length of the corresponding MAC RAR or the type of the corresponding MAC RAR. Then different types of MAC RARs can be designed according to requirements. An example of variable size MAC RAR is shown in Annex A.

(2) C-RNTI as UE ID
For connected UE, C-RNTI (e.g. C-RNTI MAC CE in LTE) could be accommodated in the UL transmission of Step 1. The applicable events are DL data arrival, UL data arrival and handover. Other applicable events in NR are FFS.
There are two options for contention resolution.
· Option 1: MAC RAR is used for contention resolution
In this option, C-RNTI could be accommodated in the UE Contention Resolution Identity field in Annex A for contention resolution. If the two types UE Contention Resolution Identity (C-RNTI or other UE ID) should be distinguished, a possible solution is to use one bit in MAC RAR to distinguish the two types of UE Contention Resolution Identities. In this option, the same procedure for all events is resulted. However, the resource overhead for MAC RARs is considerable.
· Option 2: A PDCCH with C-RNTI for contention resolution
Option 2 is similar to the contention resolution procedure in LTE for the connected UEs. After UE sends C-RNTI MAC UE in Step 1, it should monitor PDCCH with C-RNTI in a time duration which is decided by Msg2 window or a configured timer. It seems the option 2 is more attractive because there is no additional resource overhead for contention resolution and it is consistent to contention resolution mechanism in LTE that CCCH MAC CE for the UEs without C-RNTI and PDCCH with C-RNTI for the UEs allocated with C-RNTI.
Based on above discussion, we have below proposals regarding contention resolution.
Proposal 2: Contention resolution mechanism similar to that in LTE could be considered in 2-step RA.
1) For UE without C-RNTI: UE ID is included in the UL data region of Step 1, and MAC RAR including the UE ID in Step 2 is used for contention resolution.

· The mechanism of RA-RNTI and Msg2 window could be maintained in NR and the details are FFS based on RAN1 progress on preamble and PRACH.
· The MAC RARs for 2-step RA and 4-step RA could be multiplexed in one MAC PDU.
· The constant size MAC RAR and variable size MAC RAR could be studied and UE can identify the MAC RAR for 2-step RA or 4-step RA.
· The contents of the UE Contention Resolution Identity should be studied further in NR.
2) For UE allocated with C-RNTI: C-RNTI MAC CE is included in the UL data region of Step 1, and PDCCH with C-RNTI in Step 2 is used for contention resolution.
2.4. Fallback mechanism from 2-step RA to 4-step RA

In Step 1, UE transmits preamble and UL transmission in different physical layer resource regions. Preamble and UL transmission could be decoded by the gNB separately. Considering the combination of preamble region and data region in Step 1, the gNB may ignore data region if no preamble is received. However, it is possible that the gNB decodes the preamble right but doesn’t decode the UL transmission in data region. Then fallback mechanism is useful in this scenario. UE could perform Msg3 based on UL grant in Msg2 for 4-step RA. It should be discussed based on the contention resolution mechanism in section 2.3.
(1)  UE IDs except for C-RNTI 
As we suggested MAC PDU format in section 2.3, the UE can identify the MAC RAR for 2-step RA or 4-step RA. If an UE intending to 2-step RA received a MAC RAR for 4-step RA, it realizes that  the gNB had missed the UL transmission in Step 1 and the UE can transmit UE ID again in the UL transmission scheduled by MAC RAR. 
(2) C-RNTI as UE ID

We assume PDCCH with C-RNTI is used for contention resolution. UE should monitor PDCCH with RA-RNTI and PDCCH with C-RNTI simultaneously. In a configured time duration, if the 2-step RA UE received 4-step MAC RAR corresponding to its RA-RNTI and preamble ID but no PDCCH with its C-RNTI, UE could perform 4-step RA according to UL grant in MAC RAR. Note that UE can monitor PDCCH with RA-RNTI and PDCCH with C-RNTI simultaneously already in LTE.
Proposal 3: Fallback mechanism from 2-step RA to 4-step RA should be studied.
1) For UE without C-RNTI: UE could identify MAC RAR for 4-step RA and fallback to 4-step RA.

2) For UE allocated with C-RNTI: UE should monitor PDCCH with RA-RNTI and PDCCH with C-RNTI simultaneously and fallback to 4-step RA when MAC RAR for 4-step RA is received and PDCCH with C-RNTI is not received.
3. Conclusion

In this contribution, we discuss the 2-step RA from RAN2 aspects. Based on the discussion on use cases, procedure, open issues and solutions, the following observations and proposals were made.
Observation 1: Because of the advantage of quick contention resolution and fast UL transmission, we could assume that 2-step RA is applicable to all events without UL TA requirements.
Observation 2: RAN2 should discuss three open issues of 2-step RA:

1) The contents in UL transmission of Step 1;

2) How to resolve the contention;

3) Fallback mechanism from 2-step RA to 4-step RA.

Proposal 1: The contents in UL transmission of Step 1 could be designed taking LTE Msg3 contents as baseline and enhancements according to NR requirements and new events should be considered.

Proposal 2: Contention resolution mechanism similar to that in LTE could be considered in 2-step RA.

1) For UE without C-RNTI: UE ID is included in the UL data region of Step 1, and MAC RAR including the UE ID in Step 2 is used for contention resolution.

· The mechanism of RA-RNTI and Msg2 window could be maintained in NR and the details are FFS based on RAN1 progress on preamble and PRACH.
· The MAC RARs for 2-step RA and 4-step RA could be multiplexed in one MAC PDU.
· The constant size MAC RAR and variable size MAC RAR could be studied and UE can identify the MAC RAR for 2-step RA or 4-step RA.
· The contents of the UE Contention Resolution Identity should be studied further in NR.

2) For UE allocated with C-RNTI: C-RNTI MAC CE is included in the UL data region of Step 1, and PDCCH with C-RNTI in Step 2 is used for contention resolution.
Proposal 3: Fallback mechanism from 2-step RA to 4-step RA should be studied.
1) For UE without C-RNTI: UE could indentify MAC RAR for 4-step RA and fallback to 4-step RA.

2) For UE allocated with C-RNTI: UE should monitor PDCCH with RA-RNTI and PDCCH with C-RNTI simultaneously and fallback to 4-step RA when MAC RAR for 4-step RA is received and PDCCH with C-RNTI is not received.
Annex A
A.1 Examples of constant size MAC RAR
The MAC RAR in Figure 3 is a basic structure of constant size MAC RAR, which includes all possible fields directly. Of course, some optimizations could be considered. An example of optimization is shown in Figure 4. R bit in Figure 3 renamed as T1 bit is used to distinguish different MAC RAR contents. If T1=0, a MAC RAR for 4-step RA is expected and the useful fields in MAC RAR are TAC, UL grant and Temporary C-RNTI. If T1=1, a MAC RAR for 2-step RA is expected and the fields in MAC RAR are Temporary C-RNTI and UE Contention Resolution Identity. Following the MAC RAR transmission, an UL grant could be assigned to UE via PDCCH with Temporary C-RNTI which is C-RNTI now. The contents of the UE Contention Resolution Identity should be studied further in NR.
Because of the constant size the resource overhead for MAC RAR is high even if the optimization is considered.
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Figure 3
 An example of MAC RAR with all possible fields (basic)
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Figure 4
 An example of MAC RAR with all possible fields ( a possible optimization)

A.2 Examples of variable size MAC RAR
With variable size, we can design the minimum size MAC RAR for different use cases but there is one more byte in each MAC subheader. In general, MAC RAR with variable size could have less overhead than MAC RAR with constant size if optimal MAC RARs are designed. 
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Figure 5
 The MAC subheader
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Figure 6
 An example of variable size MAC RAR

























































































































PAGE  
6
R2-1700205

_1545289624.vsd
UE


gNB


Msg1: Random Access Preamble


4-step RA


Msg2: Random Access Response


2-step RA


Msg3: Scheduled Transmission


Msg4: Contention Resolution


UE


gNB


Step1:Random Access Preamble+UL transmission(e.g. UE ID)


Step2:Random Access Response and Contention Resolution



_1545289692.vsd
Timing Advance Command


Oct 1


Timing Advance Command


UL Grant


UL Grant


Temporary C-RNTI


Temporary C-RNTI


UL Grant


Oct 2


Oct 3


Oct 4


Oct 5


Oct 6


R


RAPID


E


T


Oct 1


MAC subheader for Msg2


MAC RAR



_1544539880.vsd
Timing Advance Command


Oct 1


Timing Advance Command


UL Grant


UL Grant


Temporary C-RNTI


Temporary C-RNTI


UL Grant


Oct 2


Oct 3


Oct 12


R


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity



_1544540586.vsd
Timing Advance Command


Oct 1


Timing Advance Command


UL Grant


UL Grant


Temporary C-RNTI


Temporary C-RNTI 


UL Grant


Oct 2


Oct 3


Oct 6


T1=0


Oct 4


Oct 5


R


R


Oct 8


Oct 7


Oct 1


Temporary C-RNTI


Temporary C-RNTI


Oct 2


Oct 3


Oct 8


T1=1


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


T C-RNTI



_1544542914.vsd
Timing Advance Command


Oct 1


Timing Advance Command


UL Grant


UL Grant


Temporary C-RNTI


Temporary C-RNTI 


UL Grant


Oct 2


Oct 3


Oct 6


R


Oct 4


Oct 5


RAPID


E


T


Oct 1


R


L=1


Oct 2


RAPID


E


T


Oct 1


R


L=2


Oct 2


Oct 1


Temporary C-RNTI


Temporary C-RNTI


Oct 2


Oct 3


Oct 8


R


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


UE Contention Resolution Identity


T C-RNTI


UE Contention Resolution Identity



_1543836753.vsd
RAPID


E


T


Oct 1


R


L


Oct 2



