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1 Introduction

In RAN2 #99, various RAR transmission/reception aspects such RAR contents and RAR MAC PDU format were discussed and following agreements [1] were made. 

In this contribution we discuss the remaining aspects (i.e. RAR MAC subheader details) of RAR MAC PDU design.
2 Discussion
RAN2 agreed that MAC PDU of RAR shall follow the MAC PDU format for NR (interleaved MAC sub-headers). RAR MAC PDU consists of one or more MAC sub-PDUs and optionally padding as shown in Figure 1. Each MAC sub-PDU consists one of the following:

· a MAC subheader only (e.g. back off sub header, SI ack subheader).
· a MAC subheader and a MAC RAR
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Figure 1 NR RAR MAC PDU Format
2.1 MAC Subheader Contents
RAR MAC PDU may include RAR related to SI request: According to RAN2 agreements [1], for msg1-based request procedure, RAR includes only RAPID and RAPID is included in MAC subheader.
RAR MAC PDU may include RAR not related to SI request: In RAN2 #99 it was agreed that in addition to RAPID other information such as Timing Advance, UL grant and Temporary C-RNTI are always included in Msg2. RAN2 has also agreed that RAPID is included in MAC subheader for SI request. In order to have same MAC subheader format for RAR (not-)related to SI request: Timing Advance, UL grant and Temporary C-RNTI can be included in MAC RAR and RAPID can be included in MAC subheader.
Backoff Indication: RAN2 has agreed that RAR can include BI as in LTE. In LTE BI is included in BI subheader. So in NR, BI can be included in BI subheader.
Based on the above discussion, three MAC sub headers are needed. 
1. Backoff Subheader: Includes backoff information. This MAC subheader is not followed by MAC RAR. 
2. RAR subheader: Includes RAPID. This MAC subheader is followed by MAC RAR.
3. SI Ack Subheader: Includes RAPID. This MAC subheader is not followed by MAC RAR.

Whether a subheader includes RAPID or BI can be identified using a type field as in LTE. If the subheader incudes RAPID, receiving UE should be able to identify whether this is a RAR subheader or SI Ack subheader. There are two options to identify RAR subheader and SI ack subheader:

· Option 1: RACH preambles can be reserved for Msg1 based SI request. On receiving a MAC subheader including RAPID, UE can check if received RAPID corresponds to one of the RACH preambles reserved for Msg1 based SI request or not. If yes, then the MAC subheader is a SI ACK subheader otherwise it is a RAR subheader. 
· Option 2: Type field can be used to distinguish SI Ack subheader and RAR subheader

Option 1 requires several RAPID comparisons by receiving UE and hence has higher complexity compared to option 2. The simplest approach is to use the type field to distinguish SI Ack subheader and RAR subheader. 

An example of MAC subheader formats for the required MAC sub headers is shown in Figure 2. Type field T indicates whether MAC subheader includes backoff information or RAPID. Type field T also indicates whether MAC subheader including RAPID has a corresponding MAC RAR or not. 
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Figure 2
Based on the above discussion we propose, 

Proposal 1: MAC subheader includes either backoff information or RAPID.

Proposal 2: MAC subheader also includes a Type field.

Proposal 3: Type field in the MAC subheader indicates whether MAC subheader includes back off information or RAPID. 

Proposal 4: Type field in the MAC subheader including RAPID indicates whether there is MAC RAR corresponding to this MAC subheader or not. 
Proposal 5: There is no MAC RAR corresponding to MAC subheader including backoff information. 

Padding Indication:
An extension flag E can be included in MAC subheader. Extension flag E in MAC subheader of a MAC sub-PDU indicates whether this is the last MAC sub-PDU in the MAC PDU or not. Padding (if included) is added after the last MAC sub-PDU in the MAC PDU. Alternatley, one of the values of Type field can be used to indicate padding or padding subheader. In this case there is no need to include the extension flag E in MAC subheader.  As can be seen in Figure 2, there is a spare value for type field and can be used for indicating padding. So we propose that type field is used to indicate padding.
Proposal 6: Extension flag is not included in MAC subheader. 

Proposal 7: One of the values of type field indicates padding. 
2.2 SI Request Ack Subheader Location

There are three possible options:

Option 1: MAC sub-PDU(s) including SI ack subheader can be included in front of MAC PDU. If MAC PDU includes BI, MAC sub-PDU(s) including SI ack subheader are included immediately after the MAC sub-PDU including BI subheader. 
Option 2: MAC sub-PDU(s) including SI ack subheader can be included in end of MAC PDU. If MAC PDU includes padding, MAC sub-PDU(s) including SI ack subheader are included immediately before the padding subheader.
Option 3: MAC sub-PDU(s) including SI ack subheader location is not specified (it is up to network implementation). 
In option 1 SI request ack can be determined earlier compared to option 2 when MAC PDU includes both SI request ack and MAC RAR. After receiving SI request Ack UE has to monitor SI windows in one or more SI periods of requested SI. So there is no gain in determining SI request ack earlier.

In option 2 MAC RAR can be determined earlier compared to option 1 when MAC PDU includes both SI request ack and MAC RAR. UE can start preparing the Msg3 early if it can determine its MAC RAR early. However MAC PDU may include only MAC RARs and UE’s RAR can be at the end of MAC PDU. The time interval between time slot in which MAC PDU is received and the time slot in which Msg3 is transmitted, should be long enough to takes into account the fact that MAC RAR of UE can be in the end of MAC PDU. 
Based on the above discussion we propose, 

Proposal 8:  Location of MAC sub-PDU(s) including SI ack subheader is not specified (it is up to network implementation). 
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: MAC subheader includes either backoff information or RAPID.

Proposal 2: MAC subheader also includes a Type field.

Proposal 3: Type field in the MAC subheader indicates whether MAC subheader includes back off information or RAPID. 

Proposal 4: Type field in the MAC subheader including RAPID indicates whether there is MAC RAR corresponding to this MAC subheader or not. 

Proposal 5: There is no MAC RAR corresponding to MAC subheader including backoff information. 

Proposal 6: Extension flag is not included in MAC subheader. 

Proposal 7: One of the values of type field indicates padding. 

Proposal 8:  Location of MAC sub-PDU(s) including SI ack subheader is not specified (it is up to network implementation). 
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5 Text Proposal
6.1.5
MAC PDU (Random Access Response)
A MAC PDU consists of one or more MAC subPDUs and optionally padding. Each MAC subPDU consists one of the following:

-
a Backoff Indicator MAC subheader only;

-    a MAC subheader with RAPID only (i.e. acknowledgment for SI request);

-    a MAC subheader with RAPID and MAC RAR;
A Backoff Indicator MAC subheader consists of two header fields T/BI. A MAC subPDU with Backoff Indicator MAC subheader is placed at the beginning of the MAC PDU, if included. A MAC subPDU with padding is placed at the end of the MAC PDU if present.

A MAC subheader with RAPID consists of two header fields T/RAPID.

A MAC RAR consists of TBD fields [TBD/Timing Advance Command/UL Grant/Temporary C-RNTI].

Editor's Note: Details of MAC RAR needs to be discussed further (e.g. E/T/RAPID in LTE). Note that RAN2 agreed to include RAPID, UL grant, TA, Temporary C-RNTI other than msg.1 SI request.
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Figure 6.1.5-x: Example of MAC PDU consisting of MAC RARs
6.2.2
MAC subheader for Random Access Response
The MAC subheader consists of the following fields:
- T: The Type field indicates whether the MAC subheader contains a Random Access Preamble IDentifier or a Backoff Indicator or padding. The Type field also indicates whether the MAC subheader containing Random Access Preamble IDentifier is followed by MAC RAR or not. The T field is set to “1” to indicate the presence of a Backoff Indicator field in the subheader (BI). The T field is set to “2” to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID) which is not followed by MAC RAR. The T field is set to “3” to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID) which is followed by MAC RAR. The T field is set to “0” to indicate presence of padding.
-
BI: The Backoff Indicator field identifies the overload condition in the cell. The size of the BI field is [TBD] 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 [TBD] bits.

The MAC subheader is octet aligned.
RAN2 #99 Agreements – MAC PDU Format:


NR should support RAR multiplexing 


MAC PDU of RAR shall follow the MAC PDU format for NR (interleaved MAC sub-headers).  MAC sub-header details are FFS.  


The BI is located in the front of the MAC PDU, as the first entry


FFS if SI request responses are grouped together


RAN2 #99 Agreements – RAR Contents:


The following fields are always included in the RAR random access procedures:  RAPID, UL grant, TA, Temporary C-RNTI for all cases other than msg. 1 SI request.  


BI can be included in msg. 2 as in LTE. UE behavior with respect to backoff is the same as in LTE


For msg1-based request procedure, the RACH msg2 contains only the MAC PDU subheader for a RAR containing the Random Access Preamble ID field acknowledging the received PRACH SI preamble.














_1565514060.vsd
Backoff Information


T = 0


RAPID


T = 1


RAPID


T = 2


MAC Subheader


Backoff Subheader- No MAC RAR


SI Ack Subheader – No MAC RAR


RAR Subheader – MAC RAR



MAC subPDU 1 (BI only)
MAC subPDU 2 (RAPID only)
...
MAC subPDU n
Padding (opt)
TBD/BI subehader
TBD/RAPID subheader
MAC RAR
MAC subPDU 2
(RAPID and RAR)
TBD/RAPID subheader
MAC subPDU 3



MAC subPDU 1 (BI only)
MAC subPDU 2 (RAPID only)
...
MAC subPDU n
MAC subPDU including padding (opt)
T/BI subehader
T/RAPID subheader
MAC RAR
MAC subPDU 2
(RAPID and RAR)
T/RAPID subheader
MAC subPDU 3



_1561791981.vsd
MAC sub-PDU


MAC sub-PDU


MAC sub-PDU


...


Sub header
only


Padding (opt)


Sub header


MAC RAR 1


Sub header


MAC RAR n



