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Introduction
The MAC PDU formats for DL-SCH and UL-SCH have been discussed in detail. In this contribution, we discuss the format of MAC PDU for RAR and the contents in MAC RAR.
Discussion
[bookmark: _Ref489975511]Structure of MAC PDU for RAR
In LTE, for a Random Access Response, “A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponding to a MAC RAR except for the Backoff Indicator subheader. If included, the Backoff Indicator subheader is only included once and is the first subheader included within the MAC PDU header.”[1]  The MAC PDU format in LTE is shown as below.


Figure 1  Example of MAC PDU consisting of a MAC header and MAC RARs

In NR, MAC sub-headers are interleaved with MAC SDUs/MAC CEs for UE parsing the MAC PDU quickly.[2]  An example of DL MAC PDU is shown below.


Figure 2  Example of a DL MAC PDU
The consideration of fast parsing is applicable to MAC PDU for RAR too. MAC PDU for RAR could include back off information and multiple RARs for different UEs. If the MAC subheaders are interleaved with RARs, UE could parse multiple MAC subPDUs in parallel and get its RAR as soon as possible.
Proposal 1: The MAC PDU for RAR could include one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
-	A MAC subheader for the Backoff Indicator (at most one and at the beginning of the MAC PDU);
- 	A MAC subheader and zero or one MAC RAR;
-	Padding (optional, at the end of the MAC PDU without corresponding MAC subheader).

The contents of MAC RAR
In LTE, there are three fields in MAC RAR in any cases: TAC, UL grant, and Temporary C-RNTI. Even in LTE, there is room for optimization of the MAC RAR fields, for example, the temporary C-RNTI is useless in contention free RA. However, this design guarantees the same size of MAC RAR. And there is no room for indication of the different size of MAC RAR in the MAC subheader (E/T/RAPID MAC subheader).
In NR, although we can’t decide the format of MAC subheader for MAC RAR because the size of RAPID can’t be decided without RAN1 final decision, we should aim at keeping the fixed sized MAC RAR, for ease of parsing subPDUs, as discussed in Section 2.1. With the same MAC RAR size, UE can get its own MAC RAR within the multiplexed MAC RARs quickly. Unified MAC RAR format for all UEs is preferred.
An exception is Msg2 for Msg1 based SI request. Regarding Msg1 based SI request, some agreements have been reached.
RAN2#97bis
Agreements for on demand request of broadcast SI transmission.
1:	For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request .
2: 	If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is included in minimum SI then SI request is indicated using MSG 1. 
3:  If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI then SI request is included in MSG3.
FFS Error handing in case SI is not received
FFS whether the request delivered in MSG 3 can be used for unicast delivery or for delivery of SI by dedicated signalling after a transition into connected, or other options

RAN2 AH#2:
Agreements for Msg1 based SI request method:
1:	RAPID is included in Msg2.
2: 	Fields Timing Alignment Information, UL grant and Temporary C-RNTI are not included in Msg2.
3:	RACH procedure for SI requests is considered successful when Msg2 containing a RAPID corresponding to the transmitted preamble is received.
4:	Msg2 reception uses RA-RNTI that corresponds to the Msg1 transmitted by the UE (details of RA-RNTI selection left to UP discussion)
5:	UE retransmits RACH preamble according to NR RACH power ramping 
6: 	Msg1 for SI request re-transmission is continued until reaching max preamble transmissions. Thereafter, a Random Access problem to upper layers is indicated. (depending on the NR RACH procedure design)
FFS: Upper layer actions when MAC reports Random Access problem. To be discussed in CP session.
7:	Back off is applicable for Msg1 based SI requests but no special Back off subheader/ procedure is required.

From above agreements, the Msg2 for Msg1 based SI request only includes a MAC subheader, and the size of the corresponding MAC RAR is zero.
Proposal 2: MAC RAR should be unified when present and include TAC, UL grant, and Temporary C-RNTI.
The placement of MAC subPDU for Msg1 based SI request
From MAC subPDU parsing perspective, now we have two sizes of MAC RAR: 0 and a fixed value. Because there is no L field in MAC subheader, UE needs to distinguish the two kinds of MAC subPDUs (SI request and others) by other way if they are multiplexed in one MAC PDU.
If specific PRACH time/frequency resource is allocated for Msg1 based SI request, the corresponding Msg2 will not be multiplexed with other MAC subPDU types because the RA-RNTI is unique for the UE(s) sending the SI request. There is no size ambiguity in this case.
If specific preamble is reserved for Msg1 based SI request, the associated MAC subPDU could be multiplexed with other MAC subPDUs. There are two options for the location of MAC subPDUs (i.e. sub-headers) for Msg1 based SI request in this case.
· Option 1: The MAC subPDU for Msg1 based SI request is placed before other MAC subPDUs


Figure 3 Example of MAC PDU format and UE processing (option 1)
In this option, all UEs need to parse and identify the subheader(s) for Msg1 based SI request(s) first. After that, UEs expecting a non-zero-size RAR can split the remaining part of the MAC PDU into multiple same-size MAC subPDUs which can then be processed in parallel so as to identify their own MAC RAR quickly.

· Option 2: The MAC RAR for Msg1 based SI request is placed after other MAC RARs and before padding


Figure 3 Example of MAC PDU format and UE processing (option 2)
In this option, the last part of the MAC PDU could be MAC subPDU(s) for Msg1 based SI request plus padding. Therefore, as shown in the above figure, UEs can split the MAC PDU into multiple equal-size MAC subPDUs including RAR immediately. 
After splitting the MAC PDU, UE can parse the MAC subPDUs concurrently via parallel processing which provides two benefits:
· UEs expecting RAR can get their RAR quickly which help to shorten the interval between Msg2 and Msg3. Then, UE can ignore the last part of MAC PDU without any power consumption.
· It allows simultaneously identifying the boundary (if any) between the MAC subPDU(s) including RAR and the MAC subPDU(s) for Msg1 based SI request plus padding.Thus, if UE wants to receive the MAC subPDU for Msg1 based SI request, it can get and parse it quickly.
Based on above comparison, option 2 is preferred.
Proposal 3: The MAC subPDU for Msg1 based SI request should be placed after other MAC subPDUs and before padding.
Proposal 4: RAN2 adopt the MAC PDU format in Figure 3.
Conclusion
In this contribution, we discuss the MAC PDU for MAC RAR and give below proposals.
Proposal 1: The MAC PDU for RAR could include one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
-	A MAC subheader for the Backoff Indicator (at most one and at the beginning of the MAC PDU);
- 	A MAC subheader and zero or one MAC RAR;
-	Padding (optional, at the end of the MAC PDU without corresponding MAC subheader).
Proposal 2: MAC RAR should be unified when present and include TAC, UL grant, and Temporary C-RNTI.
Proposal 3: The MAC subPDU for Msg1 based SI request should be placed after other MAC subPDUs and before padding.
Proposal 4: RAN2 adopt the MAC PDU format in Figure 3.
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