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Introduction
In this contribution we discuss how transmitting payloads of different sizes in msgA in the 2-step Random access procedure can be supported. In RAN2#105bis, it was concluded that “minimum payload sizes the MsgA shall be able to support are 56 and 72 bits depending on whether short or long I-RNTI is requested by the NW from RRC INACTIVE UEs inside the RRCResumeRequest message, respectively “. It was also concluded that “no upper bound for the content size is defined by RAN2.” The related topic of grant sizes of msg3 in case of fallback is also discussed. 
[bookmark: _Ref525832169]Discussion
In the 4-step RA procedure, the UE is selecting preambles from either Random Access Preambles group A or Random Access Preambles group B. The selection of Random Access Preambles group B is done in case the UE wishes to transmit a large Msg3 (larger than the minimum grant provided by Random Access Preambles group A). Selection of Random Access Preambles group B is done based on Msg3 size and a pathloss threshold (except for CCCH). The corresponding text from 38.321 is
2>	if Msg3 has not yet been transmitted:
3>	if Random Access Preambles group B is configured:
4>	if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroupB; or
4>	if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC subheader is greater than ra-Msg3SizeGroupA:
5>	select the Random Access Preambles group B.
4>	else:
[bookmark: _Hlk16250899]5>	select the Random Access Preambles group A.
3>	else:
4>	select the Random Access Preambles group A.

The main use case for using Random Access Preambles group B is to enable the UE to multiplex UE data or BSR/PHR in Msg3. This use case is just as valid for the 2-step procedure implying that enabling transmission of larger msgA would be beneficial also for the 2-step RA procedure.

[bookmark: _Toc535935026][bookmark: _Toc536082898][bookmark: _Toc536102812][bookmark: _Toc344499][bookmark: _Toc766271][bookmark: _Toc1068071][bookmark: _Toc4488526][bookmark: _Toc7090643][bookmark: _Toc7602347][bookmark: _Toc7677920][bookmark: _Toc16244585][bookmark: _Toc16254560][bookmark: _Toc16255765][bookmark: _Toc16679502][bookmark: _Toc20145754][bookmark: _Toc20146597][bookmark: _Toc20825553][bookmark: _Toc20827133][bookmark: _Toc20912491][bookmark: _Toc20988126]Similar as for 4-step RA, it is beneficial to be able to transmit larger than minimum payload size msgA.
[bookmark: _Toc525565501]Another case where it would be beneficial to use a different size than the already minimum size of 56 and 72 bits is for BFR. When the Random Access procedure is initiated when CFRA for BFR is not configured, the CBRA procedure will be applied. For this to be successfully completed, the UE inserts the C-RNTI MAC CE in Msg3 and the gNB responds with a PDCCH transmission is addressed to the C-RNTI.
To successfully complete the 2-step procedure with the same information exchange, this would mean that the msgA PUSCH would contain the C-RNTI MAC CE and that msgB would be addressed to the C-RNTI and contain the 12bit TA command. In RAN2#106, the following agreement was made:
· For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI)
Monitoring of also the msgB RNTI is needed for the unsuccessful cases, e.g. when fallback or back off is signalled. 
It should be noted that in the case of 4-step CFRA for BFR, the RA procedure is considered successful already when the UE receives a PDCCH addressed to the C-RNTI as response to the preamble transmission. This means that the 4-step CFRA for BFR is essentially a 2-step procedure implying that the CBRA 2-step for BFR and the CFRA 4-step for BFR would have the same order of latency. Considering that CFRA resources for BFR may be expensive to configure, the 2-step CBRA seems as a resource efficient alternative
[bookmark: _Toc20145755][bookmark: _Toc20146598][bookmark: _Toc20825554][bookmark: _Toc20827134][bookmark: _Toc20912492][bookmark: _Toc20988127]The 2-step CBRA for BFR would have the same order of latency as the 4-step CFRA for BFR
[bookmark: _Toc20145756][bookmark: _Toc20146599][bookmark: _Toc20825555][bookmark: _Toc20827135][bookmark: _Toc20912493][bookmark: _Toc20988128]The 2-step CBRA for BFR could be a resource efficient alternative to the 4-step CFRA for BFR.
On the other hand, a drawback of using the current PUSCH configurations also for 2-step RA for BFR is that this may also be an expensive configuration since it will increase the PUSCH load. Also, the PUSCH resources would not be efficiently utilized since only the 16-bit C-RNTI MAC CE needs to be transmitted in the minimum payload sizes of 56 or 72 bits agreed in RAN2#105bis.
[bookmark: _Toc20145757][bookmark: _Toc20146600][bookmark: _Toc20825556][bookmark: _Toc20827136][bookmark: _Toc20912494][bookmark: _Toc20988129]Using 2-step RA for BFR will be wasteful of PUSCH resources
To enable the network to configure 2-step PRACH and PUSCH and 4-step CFRA resources for BFR in an efficient way, we believe it should be configurable whether 2-step can be used for BFR when a cell is configured with 4-step CFRA resources for BFR. We therefore propose
[bookmark: _Toc20145759][bookmark: _Toc20146602][bookmark: _Toc20825558][bookmark: _Toc20827138][bookmark: _Toc20828360][bookmark: _Toc20912496][bookmark: _Toc20912665][bookmark: _Toc20988131]When CFRA resources for BFR are configured in a cell, the use of 2-step RA for BFR should be configurable by the network.
Another observation is that no extra BFR related information is transmitted to the UE so the gNB does not need to provide any TA command. Hence, it should be possible to avoid sending the TA command to the UE also in the 2-step case. In the case of CBRA for BFR, the gNB needs to determine that the random access is for BFR since this could also be confused with a Random Access for UL resources when no SR resources are configured for the UE. One way to know this for the 2-step procedure would be if it was specified that only the C-RNTI MAC CE was sent (i.e. no BSR) in case of 2-step RA for BFR. This would make it possible for the gNB to determine whether the random access is for UL resources or for BFR based on if MsgA contains a BSR or not.
[bookmark: _Toc20145760][bookmark: _Toc20146603][bookmark: _Toc20825559][bookmark: _Toc20827139][bookmark: _Toc20828361][bookmark: _Toc20912497][bookmark: _Toc20912666][bookmark: _Toc20988132]When the 2-step CBRA is initiated for BFR, MsgA contains only a C-RNTI MAC CE.
If we want to design a resource efficient configuration specially tailored for BFR, it would be helpful to also allow MsgA payload sizes which only fit the 16-bit C-RNTI MAC CE. This would save resources and make the 2-step CBRA a good alternative to the resource consuming 4-step CFRA for BFR. We therefore propose:
[bookmark: _Toc20145761][bookmark: _Toc20146604][bookmark: _Toc20825560][bookmark: _Toc20827140][bookmark: _Toc20828362][bookmark: _Toc20912498][bookmark: _Toc20912667][bookmark: _Toc20988133]It should be possible to configure MsgA payload size which fit only the C-RNTI MAC CE.
For the 2-step RA configuration it has been agreed that there will be a mapping between preamble(s) and PUSCH resources. Since these PUSCH resources may be of different size (number of PRBs) and/or use different MSC the size of TB that can be supported on the different PUSCH resources will be different. Based on this, it would be possible to have criteria for when each preamble (or set of preambles) and PUSCH resource can be selected.
For selection of preamble group in the 4-step procedure, the pathloss is compared to UE maximum output power (scaled by offsets and power targets). Similar comparisons should be done when selection of 2-step preamble and PUSCH resources. For the 2-step procedure, it must be ensured available UE power is sufficient for msgA PUSCH transmission which depends on number of PRBs, MCS and power ramping. This means that the available power the UE can use for the PUSCH transmission may be a limiting factor for the msgA PUSCH selection.
[bookmark: _Toc16254561][bookmark: _Toc16255766][bookmark: _Toc16679503][bookmark: _Toc20145758][bookmark: _Toc20146601][bookmark: _Toc20825557][bookmark: _Toc20827137][bookmark: _Toc20912495][bookmark: _Toc20988130]Available UE power may be a limiting factor when selecting MsgA PUSCH resources.
A simple configuration of preamble to PUSCH resource mapping could be designed with one set of preamble mapping to one set of PUSCH resources which can always be selected. This set of PUSCH resources would then be sufficient for transmission of the minimum MsgA payload sizes (56 or 72 bits).
Further sets of preambles mapping to PUSCH resources that support transmission of larger payload sizes can be configured where these sets can be used if certain criteria are satisfied. We propose:
[bookmark: _Toc7602350][bookmark: _Toc7602817][bookmark: _Toc7677924][bookmark: _Toc16244590][bookmark: _Toc16254564][bookmark: _Toc16255770][bookmark: _Toc16679506][bookmark: _Toc20145762][bookmark: _Toc20146605][bookmark: _Toc20825561][bookmark: _Toc20827141][bookmark: _Toc20828363][bookmark: _Toc20912499][bookmark: _Toc20912668][bookmark: _Toc20988134]Sets of Preambles mapping to PUSCH resources that support transmission of both larger and smaller MsgA payload sizes (than the minimum of 56 or 72 bit) is supported.
[bookmark: _Toc16254565][bookmark: _Toc16255771][bookmark: _Toc16679507][bookmark: _Toc20145763][bookmark: _Toc20146606][bookmark: _Toc20825562][bookmark: _Toc20827142][bookmark: _Toc20828364][bookmark: _Toc20912500][bookmark: _Toc20912669][bookmark: _Toc20988135]A Preamble mapping to a PUSCH resource that support transmission of larger MsgA payload sizes can be selected only if certain thresholds are met.
As discussed above, criteria for transmission of larger MsgA payloads can be similar as for the selection of Random Access Preambles group B in the 4-step procedure. That is, the criteria are pathloss and whether the transmission is done for the CCCH logical channel. Another aspect that should be considered is if the available UE power is sufficient for the transmission of the TB given the PUSCH resource and MCS. We therefore propose
[bookmark: _Toc16254566][bookmark: _Toc16255772][bookmark: _Toc16679508][bookmark: _Toc20145764][bookmark: _Toc20146607][bookmark: _Toc20825563][bookmark: _Toc20827143][bookmark: _Toc20828365][bookmark: _Toc20912501][bookmark: _Toc20912670][bookmark: _Toc20988136]Thresholds for selection of Preamble to PUSCH resource mapping can be based on pathloss and whether the transmission is done for the CCCH logical channel
[bookmark: _Toc16254567][bookmark: _Toc16255773][bookmark: _Toc16679509][bookmark: _Toc20145765][bookmark: _Toc20146608][bookmark: _Toc20825564][bookmark: _Toc20827144][bookmark: _Toc20828366][bookmark: _Toc20912502][bookmark: _Toc20912671][bookmark: _Toc20988137]Thresholds for selection of Preamble to PUSCH resource mapping can be based on the available UE power.
The agreement from RAN2#107 that
“TB size offered in UL grant in the fallback RAR shall be the same as the TB size offered for payload transmission in MsgA; otherwise, the UE behavior is not defined (i.e. it is up to UE implementation).”
[bookmark: _GoBack]implies that the only option in fallback is to retransmit the exact msgA PUSCH (MAC PDU) after applying power ramping. This simplifies implementation but may be a limitation in case msgA transmission fails and the UE is ordered to do fallback. There can be two alternatives to the currently agreed behavior:
1. Allow using a different grant size (typically smaller). This would give a gain from both power ramping and that a smaller TB is transmitted.
2. Keep the same grant size and allow HARQ combining of msgA PUSCH and msg3. This would give a gain from both power ramping and HARQ combining.
Both of these options would give gains in terms of coverage and reliability. Further, both options would require some more specification work if the grant from legacy RAR is reused for Fallback msgB since the legacy RAR does not include neither NDI nor RVI. We therefore propose 
[bookmark: _Toc20825565][bookmark: _Toc20827145][bookmark: _Toc20828367][bookmark: _Toc20912503][bookmark: _Toc20912672][bookmark: _Toc20988138]It should be possible to use a different grant size for msg3 transmission or to do HARQ combining of msgA PUSCH and msg3.

[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
In section 2 we made the following observations:
Observation 1	Similar as for 4-step RA, it is beneficial to be able to transmit larger than minimum payload size msgA.
Observation 2	The 2-step CBRA for BFR would have the same order of latency as the 4-step CFRA for BFR
Observation 3	The 2-step CBRA for BFR could be a resource efficient alternative to the 4-step CFRA for BFR.
Observation 4	Using 2-step RA for BFR will be wasteful of PUSCH resources
Observation 5	Available UE power may be a limiting factor when selecting MsgA PUSCH resources.

Based on the discussion in section 2 we propose the following:
Proposal 1	When CFRA resources for BFR are configured in a cell, the use of 2-step RA for BFR should be configurable by the network.
Proposal 2	When the 2-step CBRA is initiated for BFR, MsgA contains only a C-RNTI MAC CE.
Proposal 3	It should be possible to configure MsgA payload size which fit only the C-RNTI MAC CE.
Proposal 4	Sets of Preambles mapping to PUSCH resources that support transmission of both larger and smaller MsgA payload sizes (than the minimum of 56 or 72 bit) is supported.
Proposal 5	A Preamble mapping to a PUSCH resource that support transmission of larger MsgA payload sizes can be selected only if certain thresholds are met.
Proposal 6	Thresholds for selection of Preamble to PUSCH resource mapping can be based on pathloss and whether the transmission is done for the CCCH logical channel
Proposal 7	Thresholds for selection of Preamble to PUSCH resource mapping can be based on the available UE power.
Proposal 8	It should be possible to use a different grant size for msg3 transmission or to do HARQ combining of msgA PUSCH and msg3.



