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Introduction
In RAN2-99 [1], it was agreed that 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 will be supported similarly as LTE. For SI request RAR, there is only one subheader comprising RAPID. Similar as LTE, RAR multiplexing will be supported and MAC PDU of RAR will follow the NR MAC PDU format. 
There is one FFS on whether SI request responses are grouped together. Further, the exact MAC PDU design such as subheader are not sufficiently discussed yet. This paper investigates the open issues regarding RAR design based on the available agreements.
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In the following, there are subsections to discuss the RAR design. The first subsection discusses the baseline design of RAR format and the second subsection describes some improvements.
Baseline RAR format
MAC subheader
In LTE, the RAR response for a UE comprises a MAC subheader of one byte and a RAR payload. The two figures below from 3GPP TS 36.321-e20 show the subheader design of LTE. Figure 6.1.5-1 indicates a MAC subheader of a RAR SDU, while Figure 6.1.5-2 indicates a backoff indicator (BI) to a UE. E is the extension field which indicates if more RAR messages are present in the MAC PDU or not. T is the type field which indicates whether the MAC subheader contains a Random Access Preamble ID (RAPID) or a Backoff Indicator. The Backoff Indicator (BI) field identifies an overload condition in the cell. The RAPID field carries the Random Access Preamble IDentifier. R indicates the reserved bits of the RAR SDU.
In LTE, the single-byte subheader comprising 1-bit E field and 1-bit T field and the rest 6 LSBs are conditionally interpreted according to T
· If T is set to 0: the 6 LSBs comprise 2 reserved bits plus a 4-bit BI
· If T is set to 1: the 6 LSBs comprise a 6-bit RAPID


Figure 1 Figure 6.1.5-1 from 36.321: E/T/RAPID MAC subheader


Figure 2 Figure 6.1.5-2 from 36.321: E/T/R/R/BI MAC subheader
[bookmark: _Toc492456379][bookmark: _Toc494110193][bookmark: _Toc494201697][bookmark: _Toc494353925][bookmark: _Toc494354284][bookmark: _Toc494411128]In LTE, MAC subheader has 1-bit E field and 1-bit T field and the rest 6 LSBs which is conditionally interpreted based on T value.
In RAN1 it was agreed that NR will support at least 64 preambles. Currently, the maximum number of preambles is still under discussion in RAN1. In the companion paper [2], it is proposed that the SSB index can be considered in the RA-RNTI generation and the preamble set is defined per SSB beam. In such way, the RAPID can be defined per SSB beam, and 64 preambles should be enough for one SSB beam, which further means that 6 bits are enough to indicate the RAPID. Based on the above analysis, we propose:
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SI request response
Considering that the preambles for SI request are preconfigured, T is set to the same value as RAR for normal random access (i.e. T=1), and the RAPID is included in the subheader so that a UE can determine an SI request RAR based on RAPID. Figure 3 shows one example. One single byte subheader is still used to indicate response for one SI request. For n different SI requests responses, there are n different responses.
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[bookmark: _Ref493166092]Figure 3 SI request RAR is indicated by preconfigured RAPID
[bookmark: _Toc494201692][bookmark: _Toc494201755][bookmark: _Toc494411131][bookmark: _Toc494305535][bookmark: _Toc494305536]As baseline, the SI request response uses a E/T/RAPID MAC subheader with no subsequent RAR SDU.
For a UE requesting other SI via message 1, it only needs to monitor the requested SI(s) after the SI request response is received, which means that the RAR processing delay is not critical in such case. Considering this, the SI request response can be placed behind all other RAR messages in the RAR MAC PDU in order to reduce the processing complexity to parse RAR message for a UE requesting radio connection setup.
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Backoff indicator
For BI message which is to be read by one or more UEs to avoid too frequent random access preamble retransmission, it is reasonable to be still placed at the start of RAR MAC PDU as LTE. 
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The field lengths for time advance and UL grant are not known yet. 
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Improved RAR format
In some cases, when less than 64 preambles are configured for one SSB, there can be some bits left of the RAPID. These bits can be defined for reserved bits for possible use in future or used to carry some useful information such as TPC command for PUCCH/PUSCH considering that the TPC command in DCI may be not enough to adjust the uplink power for initial PUSCH transmission. Figure 4 shows an example subheader with 16 PRACH preambles per SSB beam, comprising 2-bit TPC field and 4-bit RAPID field in the 6 LSBs.
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[bookmark: _Ref494291860][bookmark: _Ref494291769]Figure 4 subheader with 16 preambles per SSB
[bookmark: _Toc494201695][bookmark: _Toc494201758][bookmark: _Toc494411134]With the improved RAR format redundant bits in subheader with less than 64 PRACH preambles per SSB beam can be defined as reserved bits or TPC command field.
Integrated SI response is worth to be investigated in order to reduce RAR message size. Figure 5 below shows two examples of integrated response for SI requests based on E/T/Ta/Bitmap.
· Alt.1 Figure 5a shows an improvement with a bitmap in the one-byte subheader. Here the SI request response can share the same T value as response for BI. When T is 0, the UE knows an additional type bit Ta follows. If Ta = 0, it indicates that a R bit and a 4-bit BI are comprised in the 5 LSBs. Otherwise, if Ta = 1, it indicates that a bitmap follows to indicate up to 5 different received SI requests. The correspondence between the bitmap and the SI requests can be predefined based on the (ascending/descending) ID order of preconfigured random access preambles for SI requests, which means no additional signalling is needed to configure the relevance.
· Alt.2 Figure 5b shows another improvement with a longer bitmap, wherein the bitmap expands across the subheader and one byte payload. The bit-width of the bitmap is 13, which can be used as integrated response for up to 13 different SI requests. 
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[bookmark: _Ref494198275]Figure 5 Integrated response for SI requests based on E/T/Ta/Bitmap
As system information blocks with the same periodicity can be integrated into one SI message and Alt.1 can support response for on-demand transmission for up to 5 SI messages of different periodicities it can be expected that Alt.1 can fulfil the need of on-demand SI transmission. Alt.2 could be used if some more bits are desired for future use. Compared to the baseline, Alt.1/Alt.2 can clearly reduce the message size for responses of SI requests and the complexity for a UE to sparse the RAR MAC PDU due to single response message is enough for multiple SI requests. Hence, we propose:
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Text proposal for baseline RAR PDU
[bookmark: _Toc491782040]6.1.5	MAC PDU (Random Access Response)
A MAC PDU consists of one or more MAC subPDUs and optionally padding as shown in figure 6.1.5-x. Each MAC subPDU consists one of the following:
-	a Backoff Indicator MAC subheader only as shown in figure 6.1.5-1;
-    a MAC subheader with RAPID only (i.e. acknowledgment for SI request) as shown in figure 6.1.5-2;
-    a MAC subheader with RAPID as shown in figure 6.1.5-2 and MAC RAR.
A Backoff Indicator MAC subheader consists of the 5[TBD] header fields E/T/R/R/BI[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 3TBD header fields E/T/RAPID[TBD/RAPID]. A MAC subPDU with a MAC subhader with RAPID and MAC RAR is placed after the MAC subPDU with Backoff Indicator, if any. A MAC subPDU with a MAC subhader with RAPID only is placed after the MAC subPDU with a MAC subhader with RAPID and MAC RAR, if any.
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/R/R/BI MAC subheader


Figure 6.1.5-2: E/T/RAPID 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 field indicating if more MAC subPDUs are present in the MAC PDU or not. The E field is set to "1" to indicate at least another MAC subPDU follows this MAC subPDU. The E field is set to "0" to indicate that this was last MAC subPDU in the MAC PDU, or that this MAC subPDU is follwed by padding starting at the first byte following this MAC subPDU;
-	T: The Type field is a field 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[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 6[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.

Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, MAC subheader has 1-bit E field and 1-bit T field and the rest 6 LSBs which is conditionally interpreted based on T value.
Observation 2	The field length of time advance, UL grant depends on the output from RAN1

Based on the discussion in section 2 we propose the following:
Proposal 1	Similar as LTE, single byte subheader is used for a RAR message
Proposal 2	As baseline, the SI request response uses a E/T/RAPID MAC subheader with no subsequent RAR SDU.
Proposal 3	The MAC subheader for SI request response is placed at the end of the RAR MAC PDU.
Proposal 4	As in LTE, the MAC subheader for the BI is placed at the start of RAR MAC PDU.
Proposal 5	With the improved RAR format redundant bits in subheader with less than 64 PRACH preambles per SSB beam can be defined as reserved bits or TPC command field.
Proposal 6	As an alternative, an improved SI request response for one or multiple SI requests based on subheader format with E/T/Ta/Bitmap.
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