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1 Introduction

In RAN2 #97bis, #98 and AH2, various aspects (such RAR window, RAR identification, node from which RAR is received when CA/DC is configured) of RAR transmission/reception was discussed. In this contribution we discuss the following aspects of RAR MAC PDU design.
1. Whether to multiplex multiple RARs in a RAR MAC PDU or not.
2. RAR MAC PDU format

3. RAR MAC Subheader Contents
2 Discussion
2.1 Multiplexing RARs in RAR MAC PDU
We assume that in NR, RAR MAC PDU is included in the transport block scheduled by NR-PDCCH addressed to RA-RNTI. GNB can receive multiple PRACH preambles in a given PRACH resource. GNB can transmit RAR for each of these received PRACH preambles in independent transport blocks each scheduled using a separate NR-PDCCH. However this may lead to significant NR-PDCCH overhead. UE may also have to decode and process several NR-PDCCHs each addressed to same RA-RNTI to receive its RAR. In order to minimize the NR-PDCCH overhead and to reduce UE processing, it should be possible for gNB to include RAR for multiple received PRACH preambles in a single RAR MAC PDU.
Observation 1:Transmitting RAR for each received PRACH preamble (in a given PRACH resource) in independent transport blocks each scheduled using a separate NR-PDCCH leads to increased NR-PDCCH overhead and UE processing.
For on-demand SI, SI request can be indicated using Msg1. GNB can receive PRACH preamble indicating SI request and other PRACH preamble in a given PRACH resource. GNB can also receive multiple PRACH preambles indicating different SI requests in a given PRACH resource. RAR is transmitted by gNB to acknowledge the reception of SI request. In order to minimize the NR-PDCCH overhead and to reduce UE processing, it should be possible for gNB to a) include RAR for RACH preamble indicating SI request and RAR for other received PRACH preamble in single RAR MAC PDU; b) include RAR for each received PRACH preamble indicating SI request in a single RAR MAC PDU.
So we propose that Multiple RARs (SI and/or non SI related) can be multiplexed in a RAR MAC PDU.

Proposal 1: Multiple RARs (SI and/or non SI related) can be multiplexed in a RAR MAC PDU.
2.2 RAR MAC PDU Format
There are two alternatives for defining the RAR MAC PDU format to support multiplexing. Alternative 1 is the RAR MAC PDU format as in LTE. Alternative 2 is the RAR MAC PDU format in line with the NR MAC PDU format design. 

Alternative 1: MAC Header + zero or more MAC RARs + padding (optional)
A MAC PDU consists of a MAC header and zero or more MAC RARs and optionally padding as shown in Figure 1. 

MAC PDU header consists of one or more MAC sub headers. 

MAC RAR may not be there for certain MAC sub headers (e.g. back off, etc).
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Figure 1 LTE like Format
Alternative 2: One or more MAC sub-PDUs + padding (optional). 
A MAC PDU consists of one or more MAC sub-PDUs and optionally padding as shown in Figure 2. 
Each MAC sub-PDU consists one of the following:

· a MAC subheader only (e.g. back off, etc).
· a MAC subheader and a MAC RAR
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Figure 2 Format based on NR MAC PDU Format Design
In terms of processing and header overhead, we do not see any difference between both alternatives. Instead of having different design for RAR MAC PDU format, we can align the RAR MAC PDU format with the MAC PDU design already agreed in NR.
Observation 2: In terms of processing and header overhead, we do not see any difference between both alternatives.
Proposal 2: RAR MAC PDU consists of one or more MAC sub-PDUs and optionally padding. Each MAC sub-PDU consists one of the following:

· a MAC subheader only

· a MAC subheader and a MAC RAR
2.3 MAC Subheader Content
RAR MAC PDU may include RAR related to SI request: In RAN2 AH2 [1] it was agreed that only RAPID is included in Msg2 and Timing Advance, UL grant and Temporary C-RNTI is not included in Msg 2. As in LTE, RAPID can be included in MAC subheader.
RAR MAC PDU may include RAR not related to SI request: As in LTE and as discussed in our companion contribution [2], in addition to RAPID other information such as Timing Advance, UL grant and Temporary C-RNTI is included in Msg2. As in LTE, Timing Advance, UL grant and Temporary C-RNTI can be included in MAC RAR and RAPID can be included in MAC subheader.
Backoff Indication: RAR MAC PDU may also include backoff indication as in LTE. We have not yet discussed the details of backoff mechanism in NR and hence detail of back information to be included is not so clear. However we can assume that some backoff information is indicated and detailed format of that information can be discussed later.

Based on the above discussion, three MAC sub headers are needed. 
1. Backoff Subheader: Includes backoff information. This MAC subheader is not followed by MAC RAR. 
2. RAR subheader: Includes RAPID. This MAC subheader is followed by MAC RAR.
3. SI Ack Subheader: Includes RAPID. This MAC subheader is not followed by MAC RAR.

One example of MAC subheader formats for the required MAC sub headers is shown in Figure 3. Type field T1 indicates whether MAC subheader includes backoff information or RAPID. Type field T2 indicates whether MAC subheader including RAPID has a corresponding MAC RAR or not. Field T2 is included only if MAC subheader includes RAPID i.e. T1 is set to 1. Extension flag E in MAC subheader of a MAC sub-PDU indicates whether this is the last MAC sub-PDU in the MAC PDU or not.
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Figure 3
Another example of MAC subheader formats for the required MAC sub headers is shown in Figure 4. Type field T1 indicates whether MAC subheader includes backoff information or RAPID. Type field T1 indicates whether MAC subheader including RAPID has a corresponding MAC RAR or not. Extension flag E in MAC subheader of a MAC sub-PDU indicates whether this is the last MAC sub-PDU in the MAC PDU or not.
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Figure 4
Based on the above discussion we propose, 

Proposal 3: MAC subheader includes either backoff information or RAPID.

Proposal 4: Type field in the MAC subheader indicates whether MAC subheader includes back off information or RAPID. 

Proposal 5: There is no MAC RAR corresponding to MAC subheader including backoff information 

Proposal 6: Type field in the MAC subheader including RAPID indicates whether there is MAC RAR corresponding to this MAC subheader or not. 
Proposal 7: Whether one or more Type fields are needed in MAC subheader and their format is FFS.

Padding Indication:
An extension flag E can be included in MAC subheader. Extension flag E in MAC subheader of a MAC sub-PDU indicates whether this is the last MAC sub-PDU in the MAC PDU or not. Padding (if included) is added after the last MAC sub-PDU in the MAC PDU. Alternatley, one of the values of Type field can be used to indicate padding or padding subheader. In this case there is no need to include the extension flag E in MAC subheader. 
Proposal 8:  RAN2 should discuss whether to include extension flag or use one of the values of type field to indicate padding. 
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: Multiple RARs (SI and/or non SI related) can be included in a RAR MAC PDU.
Proposal 2: RAR MAC PDU consists of one or more MAC sub-PDUs and optionally padding. Each MAC sub-PDU consists one of the following:

· a MAC subheader only

· a MAC subheader and a MAC RAR
Proposal 3: MAC subheader includes either backoff information or RAPID.

Proposal 4: Type field in the MAC subheader indicates whether MAC subheader includes back off information or RAPID. 

Proposal 5: There is no MAC RAR corresponding to MAC subheader including backoff information 

Proposal 6:  Type field in the MAC subheader including RAPID indicates whether there is MAC RAR corresponding to this MAC subheader or not. 

Proposal 7: Whether one or more Type fields are needed in MAC subheader and their format is FFS.

Proposal 8:  RAN2 should discuss whether to include extension flag or use one of the values of type field to indicate padding. 
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