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Introduction
The RAR format for NR has not been discussed by RAN2 yet. This contribution discusses the RAR format design based on the RAR of LTE and the MAC PDU design for uplink and downlink. 
[bookmark: _Ref178064866]Discussion
RAR PDU structure
In LTE, the RACH response for a UE comprises a MAC subheader of one byte and a RAR payload. The four figures below from 3GPP TS 36.321-e20 show the RAR 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. The Backoff Indicator field identifies an overload condition in the cell. 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 RAPID field carries the Random Access Preamble IDentifier. R indicates the reserved bits of the RAR SDU.


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


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


Figure 6.1.5-3: MAC RAR
Further in LTE, multiple RARs for different UEs can be multiplexed in one MAC PDU. The subheaders of different UEs are aggregated and placed at the start of the MAC PDU, while the RAR SDUs are sequentially placed in subsequence. Figure 6.1.5-4 below shows the MAC RAR format when multiple RARs for different UEs are multiplex in one MAC PDU.


Figure 6.1.5-4: Example of MAC PDU consisting of a MAC header and MAC RARs
For one RAR message of LTE, there are defined components such as RAPID, TA command, UL grant and temporary C-RNTI, wherein 
· RAPID is used by the UE to determine if the RAR message is corresponding to the PRACH sent by itself;
· If the received RAPID matches the RAPID of the transmitted PRACH by itself, the UE further parses the RAR:
· The UE derives the time advance command to adjust its UL transmission timing;
· The UE derives the UL grant for message 3 transmission;
· The UE derives the temporary C-RNTI for signal transmission during radio connection setup;
[bookmark: _Hlk490051058]For radio connection setup for an idle UE of NR, we see these components are still required and the expected UE behavior to interpret the RAR message should be similar.
[bookmark: _Toc490051831][bookmark: _Toc490056191][bookmark: _Toc490209547]The RAR content for NR should be based on LTE.
As for NR, we see that BI is still useful for the network to control the random access load.
[bookmark: _Toc489886449][bookmark: _Toc489886502][bookmark: _Toc489886567][bookmark: _Toc489888891][bookmark: _Toc490051832][bookmark: _Toc490056192][bookmark: _Toc490209548]For load control, NR should support BI via RAR message as in LTE.
RAR multiplexing across UEs has higher spectrum efficiency due to multiple RARs can share one PDCCH and high channel coding/resource mapping efficiency for RAR transmission, which can well reduce the peak load for RAR transmission compared to non-multiplexed separate RAR transmissions for different UEs. We see it is still useful for NR at high load case.
[bookmark: _Toc489886450][bookmark: _Toc489886503][bookmark: _Toc489886568][bookmark: _Toc489888892][bookmark: _Toc490051833][bookmark: _Toc490056193][bookmark: _Toc490209549]NR should support RAR multiplexing as in LTE.
According to the MAC PDU format of RAR in LTE, a UE can quickly determine if there is RAR for it by parsing the aggregated MAC subheaders at the start of the MAC PDU of RAR. However, for NR, the MAC PDU format for UL and DL is changed to facilitate the proactive data processing of higher layers (shown in Figure 1), i.e. the MAC subheader and the SDU are interleaved. Therefore, MAC PDU for RAR in NR shall follow the MAC PDU format design of NR, i.e. the MAC subheaders and corresponding RARs are interleaved (shown in Figure 2). Though a UE needs to parse RAR based on the distributed subheaders at interpreting the RAR, the computation complexity is acceptable considering the small size of MAC PDU of RAR.
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[bookmark: _Ref490041758]Figure 1 MAC PDU format of NR
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[bookmark: _Ref490049080]Figure 2 MAC PDU for RAR in NR
[bookmark: _Toc490051834][bookmark: _Toc490056194][bookmark: _Toc490209550]MAC PDU of RAR shall follow the MAC PDU format for DL and UL in NR.
RAR payload content
The random access is used for different purposes, and depending on the reason, the required information to convey via RAR message is different. This implies that using a fixed RAR SDU size as in LTE seems not an optimal method for RAR transmission in NR. 
In addition to BI indication without RAR SDU, there are more examples that lead to different needed information content in the RAR message. For example:
RAR for normal initial access: in such case, all fields are needed 
[bookmark: _Toc489886451][bookmark: _Toc489886504]Response message to other SI request In RAN2-98 meeting, it was agreed that 
1	On demand SI request will maximise commonality with the RACH procedure
2	Network sends an acknowledgement in MSG2 to the UE’s SI request sent in Msg1 
It means that the response message design shall be included in the general RAR design. For such acknowledgement message, it only needs to inform the UE that the other SI request is received by the gNB. Hence, none of the messages fields TA, UL grant and temporary RNTI are needed.
RAR for intra-cell beam switch or contention free based access for a secondary carrier: only TA field is mandatory in this case. The other field such as UL grant or temporary C-RNTI need not be transmitted in most cases.
RAR for contention free based handover: TA field and UL grant are needed in this case. Temporary C-RNTI is not needed if the network does not reconfigure the C-RNTI of this UE.
So, taking the different sizes possible for RAR messages, using a fixed RAR SDU size similar as in LTE implies large overhead. This would impact capacity for RAR transmission, especially when the RARs are supposed to be transmitted assuming a UE has minimum bandwidth capability.
[bookmark: _Toc489886452][bookmark: _Toc489886505][bookmark: _Toc489886569][bookmark: _Toc489888894][bookmark: _Toc490051836][bookmark: _Toc490056195][bookmark: _Toc490209551] NR should support a variable RAR SDU size.
RAR transmission in narrow beams
In the previous discussions, it is assumed that RAR is transmitted via PDCCH plus associated PDSCH. Such transmission scheme facilitates the RAR multiplexing of LTE, which is useful for NR operation with large cell coverage in low carrier frequency. However, for small cell coverage at high carrier frequency, RAR is transmitted via narrow beam to ensure the coverage. It is less likely that respective RARs for multiple UEs can be multiplexed and transmitted via one beam due to different UEs are probably in different directions. When RAR multiplexing is not needed, RAR carrying via PDCCH (i.e. without PDSCH) seems more efficient from the spectrum efficiency perspective. 
[bookmark: _Toc458751099][bookmark: _Toc490056938][bookmark: _Toc490209546]RAR format design has dependence on the RAR transmission scheme determined by RAN1.
Conclusion
In section 2 we made the following observations:
Observation 1	RAR format design has dependence on the RAR transmission scheme determined by RAN1.

Based on the discussion in section 2 we propose the following:
Proposal 1	The RAR content for NR should be based on LTE.
Proposal 2	For load control, NR should support BI via RAR message as in LTE.
Proposal 3	NR should support RAR multiplexing as in LTE.
Proposal 4	MAC PDU of RAR shall follow the MAC PDU format for DL and UL in NR.
Proposal 5	NR should support a variable RAR SDU size.


Microsoft_Visio_2003-2010_Drawing.vsd
RAPID


E


T


Oct 1



image2.emf
BI E R Oct 1 R T


Microsoft_Visio_2003-2010_Drawing1.vsd
BI


E


R


Oct 1


R


T



image3.emf
Timing Advance Command Oct 1

Timing Advance 

Command

UL Grant

UL Grant

Temporary C-RNTI

Temporary C-RNTI

UL Grant Oct 2

Oct 3

Oct 4

Oct 5

Oct 6

R


Microsoft_Visio_2003-2010_Drawing2.vsd
Timing Advance Command


UL Grant


UL Grant


Oct 1


Timing Advance Command


Temporary C-RNTI


Temporary C-RNTI


UL Grant


Oct 2


Oct 3


Oct 4


Oct 5


Oct 6


R



image4.emf
MAC RAR 1

...

E/T/R/R/BI

subheader 

MAC header

MAC payload

...

MAC RAR 2 MAC RAR n

E/T/RAPID 

subheader 2

E/T/RAPID 

subheader n

E/T/RAPID 

subheader 1

Padding 

(opt)


Microsoft_Visio_2003-2010_Drawing3.vsd
MAC RAR 1


...


E/T/R/R/BI subheader 


MAC header


MAC payload


...


MAC RAR 2


MAC RAR n


E/T/RAPID subheader 2


E/T/RAPID subheader n


E/T/RAPID subheader 1


Padding (opt)



image5.emf
Padding 

Sub-header

PADDING

DL 

MAC CE

DL CE

Sub-header

MAC SDU 1

SDU 

Sub-header

...

SDU 

Sub-header

MAC SDU N

LCID 

6

Option 1: 8-bit padding sub-header 

R

1

R

1

Oct 1


image6.png
MAC subheader Padding

lrare | [Rare | [ . | Rare |




image1.emf
RAPID E T Oct 1


