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[bookmark: _Ref165266342]Introduction
[bookmark: _Hlk19607771][bookmark: _Hlk20468614][bookmark: _Hlk20486524][bookmark: _Hlk20486760]In the conclusion of the RAN#85 meeting, contention-free 2 step RACH is only supported for the handover case. Therefore, we compare the 2-step CFRA with the legacy CFRA and in the handover case, as illustrated in Figure 1.


[bookmark: _Hlk20468138]       Figure 1: CFRA models for the handover case
[bookmark: _Hlk20556090][bookmark: _Hlk20487557]For the legacy CFRA, 4 steps are applied, where step 0 and step 3 belong to the handover, and step 1 and step 2 belong to the legacy CFRA. However, the dedicated CFRA preamble for the legacy CFRA is included in the RRCReconfiguration message and the RRCReconfigurationComplete message can only be sent after the successful RACH.
[bookmark: _Hlk20553125]For the 2-step CFRA, 3 steps are applied, where step 0 belongs to the handover, step 1 and step 2 belong to the 2-step CFRA. Different from the legacy CFRA, in addition to the dedicated 2-step CFRA preamble, the dedicated PUSCH resource for the payload of MsgA is also included in the RRCReconfiguration message. Therefore, the RRCReconfigurationComplete message belonging to the content of step 3 of the legacy handover is included in the payload of MsgA of the 2-step CFRA. Thus, the new 2-step CFRA can provider faster handover than the legacy CFRA. In this contribution, we have a detailed discussion of 2-step CFRA.
Discussion
[bookmark: _Hlk20491424]MsgA
According to the 4-step RACH procedure as defined in 38.321[1], the UE needs to firstly select an uplink carrier between NUL and SUL based on the RSRP of the downlink pathloss reference. Then regarding the support of the SUL for the 2-step RACH procedure, we consider that the following cases needs to be firstly confirmed.
· Case 1: MsgA resources are configured simultaneously in both SUL and NUL.
· Case 2: MsgA resources are configured in either SUL or NUL.
[bookmark: _Hlk20561506]From our understanding, both cases can be supported. For example, Case 1 can provide better coverage for the MsgA transmission in the SUL. For Case 2, the PUSCH resource reserved for the RACH procedure can be configured in either SUL or NUL, so as to achieve a better offload for the reserved PUSCH resource in case that one link carrier does not have sufficient PUSCH resource for the RACH procedure. The same conclusion applies to 2-step CFRA.
[bookmark: _Hlk20561747]Proposal 1: The MsgA of 2-step CFRA can be configured simultaneously in both SUL and NUL, or configured in either SUL or NUL.
[bookmark: _Hlk20553386]In the 2-step CFRA for the handover, the dedicated 2-step CFRA preamble and the dedicated PUSCH resource are assigned to UE by the RRCReconfiguration message. From our understanding, as long as the network successfully decodes the preamble or the PUSCH, the network can clearly identify the UE. Therefore, the C-RNTI MAC CE does not need to be included in the MsgA.
Proposal 2: The C-RNTI MAC CE is not needed in MsgA of 2-step CFRA.
Here we give some considerations on the MsgA without PRACH transmission and discuss the use cases in which the MsgA only needs to include the PUSCH transmission. It is worth noting that the content of this section does not only include the handover case and 2-step CFRA. According to the LTE RACH-less solution, the UE can send the PUSCH (without PRACH) directly to the network if the network indicates the target TA to the UE. This means that if the UE has a valid TA, the UE does not have to send the PRACH for the 2-step RACH procedure. Saving the PRACH for the 2-step RACH procedure can save the PRACH resources and the uplink transmission power of the UE. 
Observation 1: The network can indicate the target cell TA to the UE during the 2-step RACH triggered by the handover.
According to the Observation given above, we consider that RAN2 can firstly identify the use cases for the PUSCH-only 2-step RACH procedure. The detail designs on the PUSCH-only 2-step RACH procedure can be discussed further in both RAN1 and RAN2.
Proposal 3: The MsgA of the 2-step RACH can include only PUSCH while the UE has valid TA (e.g. indicated in the handover command).
MsgB
According to the contention-based 2-step RACH discussion, RAN2 agreed to use the 12 bits TA command scheduled by the C-RNTI PDCCH:
	RAN2#106 meeting agreements:
1. Contention resolution:
a. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.


According to the legacy CFRA procedure as quoted in the Annex A, if the preamble index indicated in the Msg2 RAR scheduled by RA-RNTI matches the dedicated preamble sent via Msg1, the legacy CFRA procedure completes. As such we could have the following options for the completion of the new 2-step CFRA:
· Option 1 (as the legacy CFRA): When the preamble index indicated in the MsgB scheduled by RA-RNTI matches the dedicated preamble sent via Msg1, the 2-step CFRA is successfully completed
· Option 2 (as the contention-based 2-step RACH of the connected UE): When the UE receives the 12 bits TA command scheduled by the C-RNTI PDCCH, the UE considers the 2-step CFRA successfully completed.
From our understanding, both Options can work. However, as the UE may not be synchronized with the target base station during the 2-step CFRA procedure, the 12 bit TA command is needed for the uplink synchronization. As the BSR can also be included in the MsgA, then sending an uplink grant in MsgB could also reduce the uplink transmission latency for the subsequent data transmission. Thus, we consider that it is better to align the UE behaviours for the MsgB reception for both 2-step CFRA and 2-step CBRA, so as to save the discussion time on the MsgB format for the 2-step CFRA of the CONNECTED UE.
Proposal 4: When the UE receives the 12 bits TA command scheduled by the C-RNTI PDCCH, the UE considers the 2-step CFRA successfully completed.
[bookmark: _Hlk20491549][bookmark: _Hlk20491565]Selection of RACH type
[bookmark: _Hlk20495357][bookmark: _Hlk20494963][bookmark: _Hlk20494833]As we can know, CFRA is prioritized over CBRA in the legacy RACH procedure. When the UE is configured with dedicated preamble and dedicated PRACH resource, the transmission reliability of the CFRA is better than that of CBRA. From our view, the advantages of CFRA over CBRA are always existing for both the legacy RACH and the 2-step RACH. Therefore in the 2-step RACH procedure, if the CFRA and the CBRA are configured at the same time, CFRA is also prioritized over CBRA. Here we consider that we could have the following combination for the resource configuration of 2-step RACH and 4-step RACH:
· 2-step CFRA + 2-step CBRA + legacy CFRA + legacy 4-step CBRA
According to the discussion so far for the 2-step RACH procedure, the UE needs to perform the RACH type selection between 2-step CBRA and 4-step CBRA. If the network provides the simultaneous configurations for the new 2-step CFRA and the legacy CFRA, then we would introduce extra UE complexities for the RA type selection between the new 2-step CFRA and the legacy CFRA. According to the legacy handover procedure, the CFRA is prioritized over the CBRA. If we have the above combination for the resource configuration of 2-step RACH and 4-step RACH, then RAN2 needs to discuss how to select the RACH type in the combination between CFRA and CBRA and between the 2-step RA and the 4-step RA. From our understanding, there is no specific use case for the simultaneous configuration of the new 2-step CFRA and the legacy CFRA in a certain uplink carrier. For example, if the network wants to save the handover interruption time, the network can configure only the new 2-step CFRA, as it provides better saving on the handover interruption time. If the PUSCH resource in the target cell is limited, the network can configure only the legacy CFRA.
Proposal 5: The 2-step CFRA and the legacy CFRA cannot be configured simultaneously in a certain uplink carrier.
According to the agreements made in the RAN2#107 meeting, the selection of the RA type is based on the RSRP threshold configured by the network. However, when the network configures the 2-step CFRA and the 4-step CBRA, we consider that the MsgA transmission reliability of the 2-step CFRA should be better than that of the 4-step CBRA, and also better than the 2-step CBRA, due to no collision.
Proposal 6: As the legacy RACH procedure, CFRA is prioritized over CBRA, regardless of whether the RA is 2-step or 4-step.
According to the legacy RACH procedure, when no SSB/CSI-RS is selected for the CFRA, the UE selects the CBRA. According to the agreements made in the RAN2#107 meeting, the RA type selection between the 2-step CBRA and the 4-step CBRA is before the beam selection. Then if no SSB/CSI-RS is selected for the CFRA, the UE should perform the RA type selection for the 2-step CBRA and the 4-step CBRA. 
[bookmark: _Hlk20563088]Proposal 7: If no SSB/CSI-RS associated to the 2-step CFRA is selected, the UE performs the RA type selection between the 2-step CBRA and the 4-step CBRA.

UL grant size change
Regarding the uplink grant size change issue due to the switching between the CBRA and the CFRA, the UE needs to re-generate the MAC PDU if the uplink grant size is changed during the RACH procedure according to the current MAC specification [1]. There are two cases (i.e. case 1 (highlighted in yellow): uplink grant received via the RAR; case 2: uplink grant received via the BFR C-RNTI PDCCH) for the uplink grant size change in the switching from the CBRA to the CFRA, as quoted in Annex B. The same issue could also happen in the 2-step RACH procedure, as the uplink grant size (e.g. larger than 90 bits for the transmission of RRCReconfigurationComplete message which includes the MAC-I) of the CFRA during the handover is normally larger than the uplink grant size (e.g. 56 bits) of the CBRA. Then we could have the follow new uses cases for the uplink grant size change.
Table 1: Uplink grant size change
	Use case of uplink grant size change during RACH procedure (Assuming that the new 2-step CFRA and the legacy CFRA are not configured simultaneously)
	Uplink grant type for rebuilding
	Obtained MAC PDU for rebuilding
	Whether covered by current specification (Yes/No)

	Case 1: The UE firstly selects the 2-step CFRA, and then selects the 2-step CBRA.
	MsgA grant
	MsgA
	No

	Case 2: The UE firstly selects the 2-step CFRA, and then selects the 4-step CBRA.
	Msg2 RAR grant
	MsgA
	No

	Case 3: The UE firstly selects the 4-step CBRA, and then selects 2-step CFRA.
	MsgA grant
	Msg3
	No

	Case 4: The UE firstly selects the 2-step CBRA, and then selects 2-step CFRA.
	MsgA grant
	MsgA
	No

	Case 5: The UE firstly selects the 2-step CBRA, and then selects the 4-step CBRA. (TBD)
	Msg2 RAR grant
	MsgA
	No

	Case 6: The UE firstly selects the 4-step CBRA, and then selects the 2-step CBRA. (TBD)
	MsgA grant
	Msg3
	No

	Case 7: The UE firstly selects the 2-step CBRA, and then selects the legacy CFRA.
	BFR C-RNTI PDCCH
	MsgA
	No

	Case 8: The UE firstly selects the 4-step CBRA, and then selects the legacy CFRA.
	BFR C-RNTI PDCCH, or Msg2 RAR grant
	Msg3
	Yes


According to the analysis given in Table 1, we think that the UE should be able to rebuild the MsgA/Msg3 MAC PDU when the uplink grant size changes, as the legacy PRACH procedure.
Proposal 8: The UE rebuilds the MsgA/Msg3 MAC PDU when the size of the received uplink grant (including MsgA grant, Msg2 RAR grant and BFR C-RNTI PDCCH grant) does not match the size of the MsgA/Msg3 MAC PDU.

Backoff and Fallback
In this part, we consider the issues about the backoff and fallback. The intention of the backoff is to avoid the collision of the preamble transmission. In the 2-step CFRA, considering the preamble is allocated specifically for one UE, no collision will occur in the reception of preamble, thus the backoff operation is not needed. However due to the switching between the CBRA and the CFRA, the backoff should only be not applicable when the next selected RA is CFRA as the current MAC specification. For example, the UE could receive the backoff indicator from the 2-step CBRA, and then select the 2-step CFRA. Or the UE could also receive the backoff indicator from the 4-step CBRA, and then select the 2-step CFRA.
Proposal 9: As the legacy RACH procedure, backoff is not applicable when the next selected RA is CFRA, regardless of whether the RA type is 2-step or 4-step.
As for the fallback, if the transmission of preamble is successful, the network can identify the UE by the preamble received. Therefore, the PDCCH addressed to C-RNTI can always be used to schedule the UE, even if the PUSCH of MsgA cannot be decoded successfully, we think that the reception of fallback RAR is not needed in 2-step CFRA.
Proposal 10: The fallback from 2-step CFRA to 4-step CBRA is not needed.
Conclusions
Based on the above discussion, we have the following observations and conclusions:
Observation 1: The network can indicate the target cell TA to the UE during the 2-step RACH triggered by the handover.
Proposal 1: The MsgA of 2-step CFRA can be configured simultaneously in both SUL and NUL, or configured in either SUL or NUL.
Proposal 2: The C-RNTI MAC CE is not needed in MsgA of 2-step CFRA.
Proposal 3: The MsgA of the 2-step RACH can include only PUSCH while the UE has valid TA (e.g. indicated in the handover command).
Proposal 4: When the UE receives the 12 bits TA command scheduled by the C-RNTI PDCCH, the UE considers the 2-step CFRA successfully completed.
Proposal 5: The 2-step CFRA and the legacy CFRA cannot be configured simultaneously in a certain uplink carrier.
Proposal 6: As the legacy RACH procedure, CFRA is prioritized over CBRA, regardless of whether the RA is 2-step or 4-step.
Proposal 7: If no SSB/CSI-RS associated to the 2-step CFRA is selected, the UE performs the RA type selection between the 2-step CBRA and the 4-step CBRA.
Proposal 8: The UE rebuilds the MsgA/Msg3 MAC PDU when the size of the received uplink grant (including MsgA grant, Msg2 RAR grant and BFR C-RNTI PDCCH grant) does not match the size of the MsgA/Msg3 MAC PDU.
Proposal 9: As the legacy RACH procedure, backoff is not applicable when the next selected RA is CFRA, regardless of whether the RA type is 2-step or 4-step.
Proposal 10: The fallback from 2-step CFRA to 4-step CBRA is not needed.
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[bookmark: _GoBack]Annex A
The following texts are extracted from 38.321:
	38.321:
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a MAC subPDU with Backoff Indicator:
3>	set the PREAMBLE_BACKOFF to value of the BI field of the MAC subPDU using Table 7.2-1, multiplied with SCALING_FACTOR_BI.
2>	else:
3>	set the PREAMBLE_BACKOFF to 0 ms.
2>	if the Random Access Response contains a MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes a MAC subPDU with RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for SI request to upper layers.
3>	else:
4>	apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see subclause 5.2);
5>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);
5>	if the Serving Cell for the Random Access procedure is SRS-only SCell:
6>	ignore the received UL grant.
5>	else:
6>	process the received UL grant value and indicate it to the lower layers.
4>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble(s):
5>	consider the Random Access procedure successfully completed



Annex B
The following text is extracted from 38.321:
	For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response; or
2>	if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to subclause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response; or:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
4>	if the uplink grant size does not match with size of the obtained MAC PDU; and
4>	if the Random Access procedure was successfully completed upon receiving the uplink grant:
5>	indicate to the Multiplexing and assembly entity to include MAC subPDU(s) carrying MAC SDU from the obtained MAC PDU in the subsequent uplink transmission;
5>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity.
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