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[bookmark: _Ref490127969]Introduction
In last meeting, we agreed that:
Agreements:
-     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 behaviour with respect to backoff is the same as in LTE

Agreements
1. RRC triggers MAC to initiate Random Access procedure for the purpose of SI-request. For the case of msg1-based request procedure RRC indicates to MAC the PRACH preamble/resource.
2. For msg. 1-based SI request MAC indicates to RRC the reception of acknowledgement for SI request
3. The UE is not expected to perform multiple mgs.1-based SI request RA procedures simultaneously.  A single msg.1-based SI request will be performed at a time.   
4.    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.

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

In this contribution, we discuss the below aspects:
1) SI request responses;
2) Padding;
3) MAC sub-header
Discussion
SI request responses
Although the calculation method of RA-RNTI hasn’t been decided yet, we think RA-RNTI must be related to the PRACH resource location (at least frequency and time). If Msg1-based SI requests are configured to use some specific PRACH resources, specific RA-RNTI should be used to schedule the corresponding Msg2. In this case, the SI request responses will not be multiplexed with other RAR naturally. However, if the SI request and  other RACH events share the same PRACH (time-frequency) resource, it will happen that some UE(s) send Msg1 based SI request specific preamble and other UE(s) send other preamble(s) in the same PRACH resource. In this case, SI request response and other RAR are multiplexed in the same Msg2 scheduled by the same RA-RNTI in the same time unit.
Observation 1: SI request response and other RARs can be multiplexed in one MAC RAR PDU.
Since we agreed “For msg1-based (SI) 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”, observation 1 means heterogeneous MAC subPDUs will be multiplexed in one MAC RAR PDU. In fact, there could be four types of MAC subPDUs in one MAC RAR PDU.
1) MAC subheader for the Backoff Indicator (at most one and at the beginning of the MAC PDU);
2) MAC subheader with RAPID and zero MAC RAR; we will refer to it as MAC SI-Request Response (SIRR);
3) MAC subheader with RAPID and one MAC RAR; we will refer to it as (regular) MAC RAR.
4) Padding which will be discussed in the next section.
One may argue that the MAC SIRR subPDU and MAC RAR subPDU have different lengths, and so need to be distinguished by some field in the subheader. However, since we agreed “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”, each UE is aware of the reserved preamble (s) and can derive from the RAPID field in the MAC subheader. Thus there is no need to introduce some indication in the MAC subheader to distinguish the two kinds of MAC RAR subPDUs.
Observation 2: The MAC SIRR subPDU can be distinguished by the RAPID in its subheader.
Proposal 1: There is no need to introduce any additional indication in MAC subheader on top of RAPID to distinguish MAC subPDU for SI request response. The same MAC subheader should be used for MAC SIRR subPDU and MAC RAR subPDU.
As mentioned above, apart from the backoff indicator which is anyway the first entry of the MAC PDU, we can have two types of sub-PDUs, namely MAC SIRR subPDU and RAR subPDU, with two different but fixed sizes. As a baseline, without putting any constraint on the multiplexing rule of MAC subPDU types, a similar approach could be used for parsing the MAC PDU as for other (non-RAR) DL MAC PDUs, made of heterogeneous subPDUs: UE parses the subPDUs in sequence by moving from one to the next based on the size derived from the subheader. However, one key specifics of the MAC RAR PDU is that UE is only interested in only one subPDU, which, if present, must be found quickly. Moreover, two populations of UEs monitor this MAC RAR PDU: those that sent a SI request and those that sent Msg1 for any other RA trigger. It is safe to assume that the latter population may have more urgent needs than the former. Hence it makes sense that a UE should be able to find MAC RAR subPDU faster than MAC SIRR subPDU. This can be made possible if:
1) MAC subPDUs of same type (RAR or SIRR) are grouped together
2) MAC RAR subPDUs come first in the MAC PDU, and the last part of the MAC PDU contains the MAC subPDU(s) for SI request response plus padding.  
Indeed this allows a more efficient parsing of MAC subPDUs in favor of MAC RAR subPDU identification, as shown in Figure 1. In the figure, we take the MAC RAR size in LTE as example: the size of MAC subheader is 1 byte and the size of normal MAC RAR is 6 byte.


[bookmark: _Ref494293873]Figure 1 Example of MAC RAR PDU format and UE processing
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In this design, the last part of the MAC PDU could be MAC subPDU(s) for SI request response plus padding. Therefore, as shown in the above figure, UEs can split right away the MAC PDU into multiple equal-size chunks and each chunk is a possible MAC subPDU including RAR. 
After splitting the MAC PDU, UE can parse the MAC subPDUs concurrently via parallel processing which provides below benefits:
· UEs looking for a non-zero MAC RAR do not need to bother about where is the boundary with SIRR subPDUs because, even if one or more 7-byte chunks actually include SIRR and/or padding, the first byte of these chunks will always be either a SIRR header, in which case the comparison with its expected preamble ID will yield negative result or a padding byte which should be zeros. Of course, UE can distinguish padding earlier via other mechanism and doesn’t need to parse the padding part, which will be discussed in below section. 
· For UEs looking for a SIRR, they need to do the same thing but compare the RAPID of the first each 7-byte chunk RAPID with reserved SI preamble to find the boundary. They can start from the end though to find it faster.
Proposal 2: The MAC subPDU for SI request response should be placed after MAC subPDUs for BI and RAR but before padding.
Padding
In LTE, there is no explicit indication for padding in MAC RAR PDU. UE gets padding size via (MAC PDU size - the size indicated by MAC subheader). In NR, we split the MAC PDU into multiple relatively independent MAC subPDUs. So the explicit indication for padding is needed.
There are two options regarding padding indication.
Alternative 1: A new MAC subheader is introduced for padding.
However, after introducing the new MAC subheader, we need to introduce some indication to distinguish the MAC subheader from the other type of subheaders.
Alternative 2: E field in the MAC subheader indicates if padding follows current MAC subPDU and we don’t need a MAC subheader for padding.
E field in LTE is used to indicate if more fields are present in the MAC header or not. This function is not needed in NR. Then we can reuse the E field to indicate padding.
Alternative 2 is simple and has low overhead. Then alternative 2 is preferred.
Proposal 3: E field in the MAC subheader indicates if padding follows current MAC subPDU and no MAC subheader for padding.
MAC sub-header
According to above discussion, we can get the contents of MAC subheader. Assuming the same size of RAPID and BI as LTE, the MAC subheaders look the same as LTE as shown in Figure 2 and Figure 3.


[bookmark: _Ref494296829]Figure 2  E/T/RAPID MAC subheader (for RAR subPDU and SIRR subPDU)


[bookmark: _Ref494296830]Figure 3  E/T/R/R/BI MAC subheader (for BI subPDU)
The MAC subheader consists of the following fields:
-	E: The Extension field is a flag indicating if padding follows present MAC subPDU. The E field is set to "1" to indicate that another MAC subPDU including MAC subheader follows. The E field is set to "0" to indicate that this is the last MAC subPDU including MAC subheader, i.e. padding follows or this is the last MAC subPDU in the MAC PDU;
-	T: The Type field is a flag indicating whether the MAC subheader contains a Random Access ID or a Backoff Indicator. The T field is set to “0” to indicate the presence of a Backoff Indicator field in the subheader (BI). 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 4 bits;
-	RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble. The size of the RAPID field is 6 bits.
Proposal 4: Adopt above MAC subheader design in NR.
Conclusion
In this contribution, we discuss MAC RAR PDU and give below observations and proposals.
SI request responses:
Observation 1: SI request response and other RARs can be multiplexed in one MAC RAR PDU.
Observation 2: The MAC SIRR subPDU can be distinguished by the RAPID in its subheader.
Proposal 1: There is no need to introduce any additional indication in MAC subheader on top of RAPID to distinguish MAC subPDU for SI request response. The same MAC subheader should be used for MAC SIRR subPDU and MAC RAR subPDU.
Proposal 2: The MAC subPDU for SI request response should be placed after MAC subPDUs for BI and RAR but before padding.

Padding:
Proposal 3: E field in the MAC subheader indicates if padding follows current MAC subPDU and no MAC subheader for padding.

MAC sub-header:
Proposal 4: Adopt above MAC subheader design in NR.
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5. Text proposal to 38.321
In this TP, we assume the same sizes of BI and RAPID as in LTE. We could update them after the sizes of BI and RAPID are decided by RAN1.

[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;
-    padding..
A Backoff Indicator MAC subheader consists of the five header field E/T/R/R/BI (as described in figure 6.1.5-2). [TBD] header fields [TBD]. 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 the three header fields E/T/RAPID (as described in figure 6.1.5-1)TBD header fields [TBD/RAPID]. The MAC subheader with RAPID for acknowledgment for SI request is placed after MAC subPDUs for BI and RAR, and before padding, if included. If there are more than one MAC subheaders with RAPID for acknowledgment for SI request exist, they are placed together.
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.
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: E/T/RAPID MAC subheader


Figure 6.1.5-2: E/T/R/R/BI MAC subheader




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:
-	E: The Extension field is a flag indicating if padding follows present MAC subPDU. The E field is set to "1" to indicate that another MAC subPDU including MAC subheader follows. The E field is set to "0" to indicate that this is the last MAC subPDU including MAC subheader, i.e. padding follows or this is the last MAC subPDU in the MAC PDU;
-	T: The Type field is a flag indicating whether the MAC subheader contains a Random Access ID or a Backoff Indicator. The T field is set to “0” to indicate the presence of a Backoff Indicator field in the subheader (BI). 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] 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.

Editor's Note: Other fields (e.g. E/T in LTE) may be added later after having RAN2 agreements.
The MAC subheader is octet aligned.
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