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1	Introduction
This contribution discusses further details of the MAC PDU format for RAR, namely the fields for the subheader formats and makes a proposal. In the last RAN2#99 meeting, the following details were agreed:
Agreements:
1. NR should support RAR multiplexing 
2. MAC PDU of RAR shall follow the MAC PDU format for NR (interleaved MAC sub-headers).  MAC sub-header details are FFS.  
3. The BI is located in the front of the MAC PDU, as the first entry
4. FFS if SI request responses are grouped together

2	Subheader types
In LTE the following subheader type is used for RAR:


Figure 1: E/T/RAPID subheader for RAR
In addition, the following subheader is used for the backoff indicator:


Figure 2: E/T/RAPID subheader for RAR
Based on the RAN1 agreements from [1], at least the same RACH capacity shall be supported as in LTE, which in preamble wise maps to 64. However, in principle that could extend to beyond 64 which would require additional bit(s) to be assigned for RAPID in the MAC subheader – at least it would be desirable to have option for future extendibility unlike LTE MAC PDU format for RAR has, especially, as NR was to be designed for wide range of services and provide future proof design.
In LTE, T bit is included in every subheader even though T bit is only meaningful for the first subheader in the MAC PDU – it indicates whether subheader is used for Backoff Indicator which is always the first subheader included within the MAC PDU. On the other hand, E bit is included in every subheader even though it serves only as delimiter between MAC header and MAC payload in the MAC PDU – as such delimiter is no longer required for NR, hence, E bit would serve only as indication for possible occurrence of padding which may not occur. It would seem feasible to live with only one of these bits, say T bit, which would indicate if RAPID follows or not. This way, an additional reserved bit or 7 bit RAPID field could be allowed in MAC subheader for RAR of which the first option is depicted below. Similarly, the new BI subheader is depicted.


Figure 3: T/RAPID subheader for RAR in NR


Figure 4: T/R/BI subheader in NR
Proposal 1: MAC subheader for RAR consists of T/R/RAPID or T/RAPID fields.
Proposal 2: MAC subheader for Backoff Indicator consists of T/R/BI fields.
By the proposal above, the T field needs to be allowed to be indicated also in the end of the MAC PDU to be able to indicate possible occurrence of padding. This seems to follow the similar analogy to E bit and so does not introduce any additional complexity. Furthermore, this would follow similar design to MAC PDU for DL/UL-SCH where the E bit was decided to be removed. Proposed MAC Padding subheader is depicted in the following figure.


Figure 5: T/R subheader for padding

Proposal 3: T bit is used to indicate occurrence of padding after the possible BI and/or RAR(s) in the MAC PDU.
3	Conclusions
The contribution proposed the subheader formats to be used in MAC PDU for RAR, and propose the following:
Proposal 1: MAC subheader for RAR consists of T/R/RAPID or T/RAPID fields.
Proposal 2: MAC subheader for Backoff Indicator consists of T/R/BI fields.
Proposal 3: T bit is used to indicate occurrence of padding after the possible BI and/or RAR(s) in the MAC PDU.
Proposal 4: Agree on the TP provided in Annex.
Annex: Text Proposal to 38.321
*** Start of change ***
[bookmark: _Toc491782040]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 padding MAC subheader with padding (if any).
A Backoff Indicator MAC subheader consists of the [TBD]five header fields [TBD]T/R/R/R/BI (as described in figure 6.1.5-1). A MAC subPDU with Backoff Indicator MAC subheader is placed at the beginning of the MAC PDU, if included.
Editor's Note: Details of BI subheader needs to be discussed further (e.g. E/T/R/BI in LTE).
A MAC subheader with RAPID consists of TBD three header fields [TBDT/R/RAPID] (as described in figure 6.1.5-2).

Editor's Note: Details of MAC subheader fields for 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.
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.
A padding MAC subheader consists of the eight header fields T/R/R/R/R/R/R/R (as described in figure 6.1.5-3) which is placed after all the MAC subPDUs of the MAC PDU, if included. A padding MAC subheader follows zero or more padding bits.
Padding is placed at the end of the MAC PDU if present.
Editor's Note: Details of padding needs to be discussed further.
Editor's Note: Figures for MAC subheader of RAR and MAC RAR to be added alter after having agreements in RAN2.


Figure 6.1.5-1: T/R/BI MAC subheader


Figure 6.1.5-2: T/R/RAPID MAC subheader


Figure 6.1.5-3: T/R MAC subheader


Figure 6.1.5-x: Example of MAC PDU consisting of MAC RARs
*** End of change ***

*** Start of change ***
6.2.2	MAC subheader for Random Access Response
The MAC subheader consists of the following fields:
-	T: The Type field is a flag indicating whether the MAC subheader contains a Random Access Preamble ID, a Backoff Indicator, or a Padding indication. The T field is set to “0” to indicate the presence of a Backoff Indicator field in the subheader (BI) if the subheader is the first subheader in the MAC PDU; the T field is otherwise set to “0” to indicate that padding starts. The T field is set to “1” to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID);
-	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 [TBD]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 [TBD]6 bits.
Editor's Note: Other fields (e.g. E/T in LTE) may be added later after having RAN2 agreementsThe size of RAPID field requires confirmation by RAN1.
The MAC subheader is octet aligned.
*** End of change ***
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