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1   Introduction
In RAN2#99 meeting [1], the following agreements on MAC PDU of RAR have been achieved:
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
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
There are still pending issues related to MAC subheader and SI request responses. In this contribution, based on the previous agreements, we will further discuss the remaining issues for RAR PDU and provide corresponding proposals. Compared with the earlier version, this paper is revised to add corresponding discussions to address the above two FFS left over from the last meeting. 
2   Discussion
In last RAN2 meeting, it has been agreed to use interleaved MAC subheader for MAC RAR. An example of MAC consisting of MAC RARs is given in the latest running TS 38.321[2]. We will discuss the MAC subheader details, SI request responses and padding respectively. 
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Figure1: Example of MAC PDU consisting of MAC RARs
2.1   MAC subheader details
· T field in MAC subheader

In LTE, the T field is a flag to indicate whether a MAC subheader contains a RAPID or a Backoff Indicator. From the previous agreements, the NR MAC subheader for RAR PDU can also contain a RAPID or a BI; thus it is straightforward to reuse the concept of T field to differentiate the BI and RAPID contained in MAC subheaders in NR.

Proposal 1: In NR, T field is needed in a MAC subheader as a flag indicating whether the MAC subheader contains RAPID or Backoff Indicator.

· Need more T field or not?
For Msg1-based on demand SI procedure, there are two options for UE to request multiple SI messages:
· Option 1: a preamble can be used, as agreed in RAN2#98 meeting [3], to request multiple SI messages;

· Option 2: dedicated PRACH may be used to request for multiple SI message, and the specific reservation of RACH resource for Msg1-based SI request depends on RAN1.
For option 1, based on the following agreements made by RAN2 [4], a UE can decide whether a RAR response for Msg1-based SI request is received according to the RAPID field. Accordingly, no additional bit for the T field is needed to indicate the presence of SI request response.

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.
For option 2, if PRACH can be reserved to request SI message, dedicated RA-RNTI can be used to implicitly indicate the response corresponding to the Msg1 based on-demand SI request. Thus as in option1, no explicit field is needed.
Observation 1: For Msg1-based SI request procedure, if PRACH is reserved to request SI request, RA-RNTI can also be used to implicitly indicate the acknowledgement of the SI request, besides RAPID.

As mentioned above, no matter which option is used by UE, we think no more bit for T field is needed in MAC subheader to indicate the presence of SI request response. 
Proposal 2: The SI request responses can be implicitly indicated by RAPID and/or RA-RNTI. No need to introduce more bits for T field in MAC subheader to indicate the SI request response.
· E field in MAC subheader
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 agreed in last RAN2 meeting. 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 3: 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. 

2.2   SI request responses
· The placement of MAC subPDU for Msg1-based SI request

There are two options for the placement of MAC subPDU for Msg1-based SI request, if included in MAC PDU:
· Option 1: The MAC subPDU for SI request responses should be placed before the RAR MAC subPDUs and after the BI MAC subPDU.
· Option 2: The MAC subPDU for SI request should be placed after other MAC subPDUs and before padding.
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Figure 2: Placement of MAC subPDU for SI request response (option 1)


[image: image3.emf]MAC 

subPDU 3

...

MAC PDU

...

MAC 

subPDU 4

MAC 

subPDU n

E/T/RAPID1 

subheader 

MAC RAR1

E/T/RAPID 

subheader 1

Padding 

(opt)

MAC 

subPDU 1

MAC 

subPDU 2

RAPID1: used for on-demand SI

MAC RAR 

n

E/T/RAPID 

subheader n

E/T/R/R/BI 

subheader 


Figure 3: Placement of MAC subPDU for SI request response (option 2)
For Option 2, the MAC subPDU(s) for Msg1-based SI request plus padding are placed at the last part of the MAC PDU. Some companies argue that such a kind of a format can save the unnecessary latency of decoding SI response subPDU for some UE(s) who doesn’t need SI request responses and get their RAR quickly. However, option 1 by contrast enables those UEs who really expects SI request responses to get it quicker, though the acquisition of the RAR other than the SI request responses may be slow down a bit.  So from the processing latency perspective, it is hard to say whether one option is obviously superior to the other. 
Nevertheless, Option 1 can provide same principle for the placement of subPDU with MAC subheader only, i.e. at the beginning of the MAC PDU, if included. It contributes to a neat format. By above comparison, therefore, we slightly prefer option 1. 
Proposal 4：The MAC subPDU for SI request responses should be placed before the RAR MAC subPDUs and after the BI MAC subPDU, if included.
· SI request responses are grouped together or not?
In last meeting, there is an FFS whether the SI request responses can be grouped. From our perspective, the SI request responses can be grouped together in one RAR MAC PDU, since they are only with subheaders and thus can be explicitly apart from the normal MAC RAR subPDUs used for other RACH purpose. This can typically give a neater format to RAR MAC PDU in NR. Also, with SI request responses being placed before other MAC RAR subPDUs as Proposal 4, grouping can enable a faster acquisition for them by the UEs requesting on-demand SI. 
Proposal 5：SI request responses can be grouped in a RAR MAC PDU.
2.3   Discussion on padding
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 6: In MAC PDU for RAR, MAC subheader is not necessary for padding.
3 Conclusion
Proposal 1: In NR, T field is needed in a MAC subheader as a flag indicating whether the MAC subheader contains RAPID or Backoff Indicator.

Observation 1: For Msg1-based SI request procedure, if PRACH is reserved to request SI request, RA-RNTI can also be used to implicitly indicate the acknowledgement of the SI request, besides RAPID.

Proposal 2: The SI request responses can be implicitly indicated by RAPID and/or RA-RNTI. No need to introduce more bits for T field in MAC subheader to indicate the SI request response.

Proposal 3: 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 4：The MAC subPDU for SI request responses should be placed before the RAR MAC subPDUs and after the BI MAC subPDU, if included.
Proposal 5：SI request responses can be grouped in a RAR MAC PDU.

Proposal 6: In MAC PDU for RAR, MAC subheader is not necessary for padding.
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