3GPP TSG-RAN WG2 Meeting #99
R2-1708262
Berlin, Germany, 21 - 25 August 2017                            
Agenda item:
10.3.1.3
Source: 
Huawei, HiSilicon

Title: 
Discussion on MAC PDU format for RAR
Document for:
Discussion and decision
1   Introduction
Similar to LTE, the MAC PDU for RAR in NR should have a distinctive format of its own, as it is exclusively used for the purpose of Msg2 transmissions during random access. However, although both the MAC PDU format for DL-SCH and for UL-SCH in NR have already been agreed in the past meetings, the MAC PDU format for RAR is still left not discussed yet. 
Therefore, based on the previous agreements made for Msg2, we in this contribution discuss the MAC PDU format for RAR in detail and provide corresponding solutions.
2   Discussion
2.1   MAC PDU for RAR in LTE
In LTE, a MAC PDU consists of a MAC subheader and zero or more MAC Random Access Response (MAC RAR) and optionally padding as described in Figure 1[1]. A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponding to a MAC RAR except the Backoff Indicator subheader. 
The MAC header consists of the following fields:
· E: The Extension field is a flag indicating if more fields are present in the MAC header or not.
· T: The Type field is a flag indicating whether the MAC subheader contains a Random Access ID or a Backoff Indicator
·   R: Reserved bit, set to "0";

· BI: The Backoff Indicator field identifies the overload condition in the cell.
· RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble
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Figure 1: Example of MAC PDU consisting of a MAC header and MAC RARs
2.2   MAC PDU format for RAR in NR
2.2.1   Format Design of MAC PDU for RAR
In NR, we think there can be two candidate options for MAC PDU format design for RAR as follow.
· Option1: Similar to LTE, all the subheaders are gathered in the front of the MAC PDU as the MAC header, and the MAC RARs are placed after the MAC header, with each corresponding to its own subheader. An example of this option is shown in Figure 2 below.
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Figure 2: Example of MAC PDU format for RAR (option 1)
· Option 2: Following the DL-SCH MAC PDU format already agreed for NR and captured in running TS 38.321, the MAC subheaders and corresponding RARs are interleaved, where each RAR is placed together with (right after) its corresponding subheader, forming an MAC subPDU. An example of this option is given in Figure 3. 
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Figure 3: Example of MAC PDU format for RAR (option 2)
Because of using the same design philosophy, the interleaved format in Option 2 also enjoys those benefit equipped by DL-SCH MAC PDU format already agreed for NR (e.g. faster decoding of the corresponding RAR, pre-processing gain at the transmitter, etc). Besides, it is completely unnecessary to adopt two different formats for the MAC PDU of DL-SCH and that of RAR, and thus a consistent design like in Option 2 is appreciated. 
Based on the above reasons, we thus prefer the format given by option 2 and have the following proposal.

Proposal 1: MAC RARs and the corresponding subheaders should be interleaved. 

Based on option 2, some more details for the placement of subheaders, RARs and paddings are further discussed as follows. As one aspect difference from LTE, it was previously agreed that a new type of RAR will be exclusively introduced in NR for Msg1 based on-demand SI request, with the agreement as follows [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.
…
7:
Back off is applicable for Msg1 based SI requests but no special Back off subheader/ procedure is required.
This agreement means that such RAR for Msg1 based on-demand SI request only needs to have a subheader, which includes the corresponding RAPID, but the RAR itself (as a payload) does not need to include any content, i.e. with a fixed zero length. Therefore, it is proposed that a subheader-only RAR is used as the response to Msg1 based on-demand SI request. 
Proposal 2: A subheader-only MAC RAR is used as the response for the Msg1 based on-demand SI request (i.e. the MAC RAR for Msg1 based on-demand SI request is with a fixed zero length).
The BI subheader is used to indicate the back off value that needs to be used by UEs to perform backoff during random access. As for the BI subheader, we think that similar to LTE, it should also be placed at the very beginning of the MAC PDU format for RAR, if included. 
Proposal 3: The BI subheader is placed at the beginning of the MAC PDU for RAR, if included. 

Besides, in LTE padding is optionally included at the end of the MAC PDU for RAR, and it exists only when there is remaining resource. We think this can also apply to NR. By such placement of padding, the presence and length of padding is implicit based on the TB size, the size of MAC subheaders and the corresponding RARs. Also, there is no LCID to be included in the subheaders for the MAC PDU for RAR. Thus, there is not any need to add MAC subheader for padding in NR.
Proposal 4: Padding is optionally placed at the end of the MAC PDU for RAR.

Proposal 5: In MAC PDU for RAR, MAC subheader is not necessary for padding.

2.2.2   Fields in MAC subheader for MAC PDU for RAR.

In this section we further discuss the specific fields that need to be included in the subheaders regarding the MAC PDU for RAR. 
In NR, the concept of T field and RAPID field as in LTE can be reused in MAC subheaders, where T is a flag to indicate whether MAC subheader contains a RAPID or a Backoff Indicator and RAPID is an indicator to identify the transmitted preamble. Specifically, the T field needs to appear in every MAC subheader, whilst the RAPID field needs to be included in subheader corresponding to each RAR. 
Proposal 6: T field and RAPID field as in LTE are reused in subheaders for MAC PDU for RAR.
Particularly for RAPID field, its value can be further used to distinguish the RAR for Msg1 based SI request from other MAC RARs, since it was agreed in previous meetings that one RACH preamble can be used for the UE to request for multiple SI messages [3]. Accordingly, a UE can decide whether a RAR response for Msg1-based SI request is received according to the RAPID field.

Proposal 7: The value of RAPID field may be used to implicitly indicate the RAR corresponding to the Msg1 based on-demand SI request.
Regarding MAC PDU for RAR in LTE, E field is included in a subheader to indicate whether another subheader for MAC RAR follows or not (E = 1 or 0); this also indicates, whether it is another MAC RAR or padding that follows the MAC RAR corresponding to this subheader in the MAC payload. 
Though E field is agreed as not needed in the MAC PDU for DL-SCH, we think it is still needed for the MAC PDU for RAR, even with the interleaved format as in option 2. The reason is that, unlike MAC PDU for DL-SCH where padding has its own LCID value, there is no more LCID in the subheaders for the MAC PDU for RAR. As a result, the UE may instead have to rely on the E field included in the subheader of a MAC subPDU to decide whether the next MAC subPDU is another RAR or padding. We see one bit is enough for E field, which is similar to LTE. Hence, we propose that E field is reused for the MAC PDU for RAR in NR, and it is used to indicate whether padding starts at the next byte after a MAC subPDU or not.  
Proposal 8: As in LTE, E field is reused in subheaders for MAC PDU for RAR. It is used to indicate whether padding starts at the next byte after a MAC subPDU. 
The BI field is to be included in the BI subheader. However, there is an on-going discussion on prioritized RACH, which involves potential enhancements of backoff differentiations. This may have potential some impact on BI field design (e.g. whether multiple backoff values is needs or not). To this end, whether BI subheader needs to be enhanced or can be reused as LTE depends on the prioritized RACH discussions.
Proposal 9: Whether BI subheader needs to be enhanced or can be reused as in LTE depends on the prioritized RACH discussion.
3  Conclusion
Proposal 1: MAC RARs and the corresponding subheaders should be interleaved. 

Proposal 2: A subheader-only MAC RAR is used as the response for the Msg1 based on-demand SI request (i.e. the MAC RAR for Msg1 based on-demand SI request is with a fixed zero length).
Proposal 3: The BI subheader is placed at the beginning of the MAC PDU for RAR, if included. 

Proposal 4: Padding is optionally placed at the end of the MAC PDU for RAR.

Proposal 5: In MAC PDU for RAR, MAC subheader is not necessary for padding.

Proposal 6: T field and RAPID field as in LTE are reused in subheaders for MAC PDU for RAR.
Proposal 7: The value of RAPID field may be used to implicitly indicate the RAR corresponding to the Msg1 based on-demand SI request.
Proposal 8: As in LTE, E field is reused in subheaders for MAC PDU for RAR. It is used to indicate whether padding starts at the next byte after a MAC subPDU. 

Proposal 9: Whether BI subheader needs to be enhanced or can be reused as in LTE depends on the prioritized RACH discussion.
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5
Text Proposal to TS 38.321
=========================== Begin 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 of one of the following:

· A MAC subheader only (including Backoff Indicator and response for on-demand SI request)

· A MAC subheader and a MAC RAR

Each MAC subheader corresponds to a MAC RAR except for the Backoff Indicator subheader and the subheader for on-demand SI response. If included, the Backoff Indicator subheader and the subheader for on-demand SI response are placed in the front of the RAR MAC PDU.
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Figure 6.1.5-1: Example of MAC PDU format for RAR
A MAC PDU subheader consists of the header fields [E/T/RAPID] but for the Backoff Indicator subheader which consists of the three header field [E/T/R/R/BI ].
Padding may occur after the last MAC RAR. Presence and length of padding is implicit based on TB size, size of MAC header and number of RARs.
===========================End Text Proposal ================================
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