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1 Introduction

In RAN2#106 meeting, it has agreed:

Agreements
1. Network response to msgA (i.e. msgB/msg2) can include the following: 

        a. SuccessRAR 

        b. FallbackRAR

        c. Backoff Indication

2. 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

3. 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

4. FallbackRAR should contain the following fields

        a. RAPID

        b. UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and d UE behavior if different grant and rebuilding 
        c. TC-RNTI

        b. TA command

In RAN2#107, the agreements regarding msgB formats are made as follows:

Agreements
1. Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   

2. successRAR cannot be split into more than one message (i.e.Contention resolution ID will also be included in successRAR).   

3. SuccessRAR and fallbackRAR can be multiplexed
4. The fallback RAR shall be included in the general MsgB format, ie., be able to be multiplexed with the successRAR for 2-step RACH.

In RAN2#107bis, the agreements on msgB MAC PDU formats are as follows:
Agreements 

1. The 12-bit TA command, 16-bit C-RNTI and 48-bit UE Contention Resolution Identity are included in successRAR MAC subPDU.

2. The UE Contention Resolution Identity field should be placed in the payload of the successRAR MAC subPDU. As a baseline, UE Contention Resolution Identity field is in front of the payload of MAC subPDU.

3. We will discuss whether we include SFN after NR-U design is completed. 

4. As a baseline, the indication for presence of RRC message following the successRAR MAC subPDU is needed. The detailed indication method is FFS.

5. For the case of msgB with RRC message, the SRB RRC message is included in a separate MAC subPDU, not inside the successRAR subPDU.

6. More than one RRC message for a given UE can be included in msgB (i.e. for re-establishment case).  FFS whether we need to indicate number of RRC messages

7. The fallbackRAR MAC subPDU is composed of 12-bit TA command, 16-bit TC-RNTI, 27-bit UL grant, and 6-bit RAPID. The RAPID is in the MAC subheader of fallbackRAR subPDU.

8. For NR 2-step RACH, the payload of fallbackRAR MAC subPDU should reuse msg2 RAR format.

9. The sub-header should differentiate the different types of MAC subPDU (e.g. fallback, success, backoff).  FFS how to indicate.  

10. The MAC subheader for SRB MAC subPDU should use a full LCID field (6-bit)
11. The MAC subheader for SRB MAC subPDU should reuse the Rel-15 MAC subheader which supports both 8-bit and 16-bit Length field with additional F indicator field
12. As a baseline, the RAPID field is not included in the MAC subheader for successRAR MAC subPDU.
In this paper, we give our view on the details of msgB format.
2 Discussion
According to RAN2’s agreements, msgB MAC PDU should be able to multiplex successRAR and fallbackRAR. In addition, BI could also be included in the msgB MAC PDU. As a working assumption, RRC message for one UE can be multiplexed (RRC messages for multiple UEs can not be multiplexed in the same msgB MAC PDU).

Thus, the subPDU in the msgB MAC PDU consists one of the followings:

· a MAC subheader with Backoff indicator only;

· a MAC subheader and fallbackRAR;

· a MAC subheader and successRAR;

· a MAC subheader and RRC message (i.e., MAC SDU);

· padding

2.1 MAC subheader in msgB MAC PDU
There are different MAC subPDUs which can be included in the msgB MAC PDU, thus in order to differentiate different types of MAC subPDU, a type field should be included in the MAC subheader.
Firstly, at least three types need to be differentiated, i.e., MAC subheader with Backoff indicator only, MAC subPDU containing fallbackRAR and MAC subPDU containing successRAR. Thus, at least 2 bit type field is needed. 
Secondly, regarding MAC subPDU containing RRC message, if there is only one MAC subPDU for SRB follows the successRAR, legacy MAC subheader used for MAC SDU can be adopted. Otherwise, an indication of the presence of more than one MAC subPDU carrying RRC message should be included in the subheader of successRAR and/or MAC SDU. There are two possible options:

Option1: Introduce 2 bits field in the subheader of successRAR to indicate the number of MAC subPDU carrying RRC message follows. The format of the MAC subPDU for SRB is as in legacy.

Option2: Introduce 1 bit field in the subheader of both successRAR and MAC subPDU for SRB to indicate whether there is RRC message follow or not.

In Option1, whether the number indication in the MAC subheader of successRAR can still work on the decoding of other subPD(s) need to be further discussed. That is, whether MAC layer have a counter for the number indication. Therefore, Option2 is more desirable by indicating the existing of RRC message one MAC subPDU by one MAC subPDU. In addition, the change of the legacy subheader format for MAC SDU can make the location of the sucessRAR more flexible.
Thirdly, for possible padding bits, it may also need a MAC subheader otherwise there maybe an E bit needed in each of the MAC subheader. 

Proposal 1 A 2-bit type field is introduced in the MAC subheader of msgB PDU.
Proposal 2 A 1-bit E field is introduced in the MAC subheader of successRAR and MAC subPDU for SRB. 
For the MAC subheader with Backoff indicator only, the following format as shown in Figure 1 can be used if we agree to introduce a 2-bit type field.
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Figure 1 T/R/R/BI MAC subheader
Regarding the MAC subheader for fallbackRAR, as agreed, RAPID should be contained in the fallbackRAR and we think it would be good to include the RAPID in the MAC subheader for fallbackRAR, thus, the format of the MAC subheader for fallbackRAR is shown in the following:
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Figure 2 MAC subheader for fallbackRAR

Regarding the MAC subheader for successRAR, as discussed, it needs to indicate whether there is one RRC message follows or not. Thus, there should be an indicator, i.e., 1 bit E field as shown in the following:
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Figure 3 MAC subheader for successRAR
Regarding the MAC subheader for RRC message (MAC SDU), we think the R filed in the legacy MAC subheader can be used to indicate whether there  is one RRC message follows or not, as shown in the following two figures depends on the L field:
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Figure 4 MAC subheader for RRC message with 8 bit L field
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Figure 5 MAC subheader for RRC message with 16 bit L field

Regarding the MAC subheader for padding, only type field is needed in the MAC subheader and no need to indicate the length, since the length can be implicit based on the MAC PDU size and size of each subPDU. The format is shown in the following figure:
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Figure 6 MAC subheader for padding
Proposal 3 Agree the MAC subheader formats for msgB MAC PDU shown in figure1-6.
2.2 FallbackRAR format
As agreed, the fallbackRAR contains the following fields:

· RAPID
· UL grant (to retransmit the msgA payload) 
· TC-RNTI
· TA command

Since RAPID is included in the corresponding MAC subheader, it should be straightforward to reuse the MAC RAR format of msg2 in legacy 4-step RACH, as shown in the following figure:
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Figure 7 FallbackRAR format
Proposal 4 FallbackRAR reuse the format of legacy MAC RAR of msg2.

2.3 SuccessRAR format
As agreed in RAN2#107bis, the successRAR should contain the following fields:

· Contention resolution ID

· C-RNTI

· TA command
In addition, it has been agreed in RAN1#98bis[3]:
· For each UE, the TPC command of the PUCCH resource containing HARQ feedback for MsgB is indicated by PDSCH of MsgB when the corresponding PDCCH is scrambled by MsgB-RNTI.

· The TPC command is 2-bits

· FFS whether or not to have special handling for the first UE or when there is only one UE in the Msg B PDSCH

Therefore, 2 bits TPC field is also needed.
One possible format of successRAR can be shown in the following figure:
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Figure 8 SuccessRAR format

Proposal 5 Agree the successRAR format shown in figure 8.
2.4 Structure of msgB MAC PDU format – an exmaple
A MAC subPDU with Backoff Indicator only is placed at the beginning of the msgB MAC PDU, if included. MAC subPDU(s) with fallbackRAR should be placed together. MAC subPDU(s) with successRAR and possible RRC messages should be placed together. It’s preferable that the successRAR(s) is placed before fallbackRAR so that the it’s quicker for those UEs who has successful contention resolution to detect. Thus, the msgB PDU format can be shown in the following: 
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Figure 9 msgB MAC PDU format (with RRC message)

Proposal 6 Adopt figure 9 as msgB MAC PDU format.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
A 2-bit type field is introduced in the MAC subheader of msgB PDU.

Proposal 2       A 1-bit E field is introduced in the MAC subheader of successRAR and MAC subPDU for SRB.
Proposal 3
Agree the MAC subheader formats for msgB MAC PDU shown in figure1-6.
Proposal 4
FallbackRAR reuse the format of legacy MAC RAR of msg2.
Proposal 5
Agree the successRAR format shown in figure 9.
Proposal 6
Adopt figure 3 as msgB MAC PDU format.


4 Reference
[1]. R2-1908769 - Contention resolution for C-RNTI MAC CE case, OPPO
[2]. R2-1908770 – Contention resolution for CCCH SDU case, OPPO
[3]. RAN1 #98bis chairman notes
5 Draft TP
6.1.5a
 MAC PDU for MSGB

A MSGB MAC PDU consists of one or more MAC subPDUs and optionally padding. Each MAC subPDU consists one of the following:

-
a MAC subheader with Backoff Indicator only;

-
a MAC subheader with RAPID and MAC fallbackRAR.
-
a MAC subheader without RAPID and MAC successRAR.
-
a MAC subheader and MAC SDU carrying RRC message.
-
a MAC subheader and padding.
A MAC subheader with Backoff Indicator consists of four header fields T/R/R/BI as described in Figure 6.1.5a-1. A MAC subPDU with Backoff Indicator only is placed at the beginning of the MSGB MAC PDU, if included. 
MAC subPDU(s) with MAC fallbackRAR are placed together. MAC subPDU(s) with MAC sucessRAR are placed together. MAC subPDU(s) with MAC SDU carrying RRC message are placed together. MAC subPDU(s) with fallbackRAR are placed after all the MAC subPDU(s) with MAC successRAR. MAC subPDU(s) with fallbackRAR and MAC subPDU(s) with successRAR are placed between MAC subPDU with Backoff Indicator only (if any) and padding (if any). All the MAC subPDU(s) with MAC SDU carrying RRC message (if any) should be placed after one of the MAC subPDU(s) with MAC sucessRAR.

A MAC subheader with RAPID for MAC fallbackRAR consists of two header fields T/RAPID as described in Figure 6.1.5a-2.

A MAC subheader without RAPID for MAC successRAR consists of three header fields T/E/R as described in Figure 6.1.5a-3.

A MAC subheader for MAC SDU carrying RRC message is described as in Figure 6.1.5a-4 and Figure 6.1.5a-5.
Padding is placed at the end of the MAC PDU if present. Presence and length of padding is implicit based on TB size, size of MAC subPDU(s). The size of padding can be zero. A MAC subheader for padding consists of two header fields T/R as described in Figure 6.1.5a-6.
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Figure 6.1.5a-1: T/R/R/BI MAC subheader
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Figure 6.1.5a-2: T/RAPID MAC subheader for MAC fallbackRAR
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Figure 6.1.5a-3: T/R/R/R/R/E MAC subheader for MAC successRAR
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Figure 6.1.5a-4: E/F/LCID/L MAC subheader for MAC SDU carring RRC message
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Figure 6.1.5a-5: E/F/LCID/L MAC subheader for MAC SDU carring RRC message
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Figure 6.1.5a-6: T/R MAC subheader for padding
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Figure 6.1.5a-7: Example of MSGB MAC PDU

6.2.2a
 MAC subheader for MSGB 

The MAC subheader consists of the following fields:

-
T: The Type field is a flag indicating the four types of MAC subPDU as described in subclause 6.1.5a. The size of the T field is 2 bits. The T field is set to "00" to indicate the presence of a Backoff Indicator field in the subheader (BI). The T field is set to "01" to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID) which followed by a MAC fallbackRAR. The T field is set to "10" to indicate the presence of  E field in the subheader which followed by a MAC sucessRAR. The T field is set to "11" to indicate the presence of padding.

-
E: The Extension field indicates whether there is a MAC subPDU carrying RRC message follows or not. The size of the E field is 2 bits.

-
R: Reserved bit, set to "0";

-
BI: The Backoff Indicator field identifies the overload condition in the cell. The size of the BI field is 4 bits;

-
RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble (see subclause 5.1.3). The size of the RAPID field is 6 bits. 

The MAC subheader is octet aligned.

6.2.3a
 MAC payload for MSGB 

The fallbackRAR is of fixed size as depicted in Figure 6.2.3a-1, and consists of the following fields:

-
R: Reserved bit, set to "0";

-
Timing Advance Command: The Timing Advance Command field indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6]. The size of the Timing Advance Command field is 12 bits;

-
UL Grant: The Uplink Grant field indicates the resources to be used on the uplink in TS 38.213 [6]. The size of the UL Grant field is 27 bits;

-
Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC entity during Random Access. The size of the Temporary C-RNTI field is 16 bits.

The successRAR is of fixed size as depicted in Figure 6.2.3a-2, and consists of the following fields:

-
R: Reserved bit, set to "0";

-
Contention Resolution Identity: The Contention Resolution Identity field contains the UL CCCH SDU. The size of the Contention Resolution Identity field is 48 bits. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU;

· Transmit Power Control: The TPC filed indicates the TPC command of the PUCCH resource containing HARQ feedback for MSGB, and a size of the TPC field is 2 bits;

-
Timing Advance Command: The Timing Advance Command field indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6]. The size of the Timing Advance Command field is 12 bits;

-
C-RNTI: The C-RNTI field indicates the unique UE identification used as an identifier of the RRC Connection and for scheduling. The size of the C-RNTI field is 16 bits.

The MAC fallbackRAR and MAC successRAR are octet aligned.
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Figure 6.2.3a-1: MAC fallbackRAR
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Figure 6.2.3a-2: MAC successRAR
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