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1 Introduction

In this paper, some remaining open issues for 2-step RACH are discussed as follows:
· Left issues on preamble group handling

· Whether we need additional RACH type selection criteria to solve the load balancing issue?

· msgB-RNTI design
· Whether MsgA can be transmitted when RACH resources overlapping with measurement gap?
2 Discussion

2.1 Preamble group handling

In last meeting, we confirmed that preamble group is supported for 2-step RACH and UE will apply the same selection of preamble group A and group B as that for 4-step RACH in R-15.
1. Introduce preambles group A and B for 2-step RACH.
2. Apply the same selection formulas to select between 2-step preambles group A and B as specified for 4-step in Rel-15. For the purpose of data threshold, ra-MsgASizeGroupA parameter can be introduced.  

In R-15, preamble group is supported to enable the UE to indicate network whether the msg3 size is large or small:

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:

5>
select the Random Access Preambles group A.

However, for 2-step RACH, network can already know the PUSCH size based on the received preamble in msgA, since there is a mapping relationship between preamble and PUSCH resources already configured by to the UE. Thus, there is no need to make the UE select the preamble group based on the payload size.

Proposal 1 No need for the UE to select the preamble group based on the payload size to be transmitted of msgA.
It should be noted that in lasd RAN1 meeting, it’s agreed as a working assumption that preamble group is supported:

Agreements:

· For a UE in RRC_CONNECTED state,

· Support up to two msgA PUSCH configurations in an UL BWP 

· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.

If the above proposal 1 is confirmed by RAN2, we should send a LS to RAN1 to inform them our decision.
Proposal 2 Send a LS to RAN1 to inform them how does preamble group is selected.
2.2 Additional RACH type selection criteria? 
2-step RACH is outperforming in terms of fast channel access compared to 4-step RACH, due to the fact that the payload information which can only be carried in Msg3 in legacy 4-step RACH can be directly transmitted in MsgA. From UE’s perspective, there is no reason for not prioritizing the use of 2-step RACH, whenever it is possible. However, if all UEs prioritizing 2-step RACH, it would cause the overloaded situation for 2-step RACH resources. Some load balancing schemes must be studied. Agreement on RACH type selection criteria is made in RAN2#107 meeting:
Agreements:
1. If the UE is configured with 2-step RA, the RSRP is above a configurable threshold then the UE shall use the 2-step RA procedure.  
In our understanding, this solution is mainly to solve the coverage issue for 2-step RACH, especially for PUSCH in MsgA. However, this is not a perfect solution to solve the overloaded issue. Since the distribution of UEs may not always be uniform, such as in some cases, when a large population of UEs are located around the cell centre, almost all the UEs will select 2-step RACH as long as their measured RSRP exceeds the configured RSRP threshold according to RACH type selection criteria. Overloaded issue could still exist. 
Observation 1 RSRP-based criteria can not solve the load balancing issue when almost all the UEs meet the RSRP criteria.
RAN2 should consider an additional RACH type selection criteria to solve the load-balancing issue. For those UEs with qualifications to select 2-step RACH, further selection between 2-step RACH and 4-step RACH is needed. This can simply be done based on an equal probability between the two types, or if network would like to have any specific load control, it can broadcast a probability/load factor to UEs. UE just draws a random number and compares it with the broadcasted load factor to decide which RACH type to use.

Proposal 3 For load-balancing purpose, UE can randomly select between 2-step RACH and 4-step RACH with equal probability, or according to a factor the broadcasted by the network.
2.3 How to design msgB-RNTI
UE shall monitor the PDCCH addressed to msgB-RNTI after the transmission of MsgA. Based on the latest agreements for the MsgB design in RAN2#107bis, it is clear that the MsgB structure will be different from Msg2 structure. Therefore, MsgB should be transmitted in a way that can not be decoded by legacy 4-step UEs. RAN1 has replied the LS from RAN2 on whether separate search space/CORESET is reserved for 2-step RACH [1]. Agreements are as follows:
Agreements:

· For 2-step RACH, no new CORESET for MsgB is defined.
·  (Working assumption) For the PDCCH associated with MsgB, MsgB is received on the ra-SearchSpace.
Given the searchspace to monitor msg2 and msgB is the same, there two possible options to design the msgB-RNTI:

· Option1: Introduce rach_type offset to RA-RNTI formula to extend the RA-RNTI values for 2-step RACH
· Option2: Define new formula to derive RNTI for MsgB reception as described in [2].

In Option2, it proposes a new RNTI called CR-RNTI for the reception of MsgB. The CR-RNTI could be shared among many ROs. This solution may not work well in fallback case. For example, if two UEs select the same preamble index from different ROs shared the CR-RNTI, the UEs can not distinguish the fallback indication from MsgB.
The extension of the values of RA-RNTI in Option1 is desirable. As successRAR(s) and fallbackRAR(s) can be multiplexed in one MsgB MAC PDU, it is preferable to use the same formula for the calculation of RA-RNTI for compatibility reasons. Thus, the formula of RA-RNTI for MsgB can be modified as follows:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 ×2×rach_type
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in subclause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier). and rach_type is the RACH type selected (0 for 4-step RACH, and 1 for 2-step RACH).
The solution in Option1 is simple to be implemented as it is an extension of legacy formula for RA-RNTI. But the RA-RNTI space is doubled and further extension might be limited.
Proposal 4 Introduce rach_type offset to RA-RNTI formula to extend the RA-RNTI values for 2-step RACH 
2.4 2-step RACH resources overlapping with measurement gap
In legacy 4-step RACH, if PRACH resources overlap with measurement gap, the transmission of Msg1 is not permitted. However there is no impact on msg3 transmission if it overlaps with measurement gap because network is not aware of the UE when sending RAR. The descriptions in TS 38.321 [3] are as follows:
During a measurement gap, the MAC entity shall, on the Serving Cell(s) in the corresponding frequency range of the measurement gap configured by measGapConfig as specified in TS 38.331 [5]:

1>
not perform the transmission of HARQ feedback, SR, and CSI;

1>
not report SRS;

1>
not transmit on UL-SCH except for Msg3 as specified in subclause 5.4.2.2;
1>
if the ra-ResponseWindow or the ra-ContentionResolutionTimer is running:

2>
monitor the PDCCH as specified in subclauses 5.1.4 and 5.1.5.

1>
else:

2>
not monitor the PDCCH;

2>
not receive on DL-SCH.

In 2-step RACH, both preamble and PUSCH are pre-configured by the network. Then, if the transmission of msgA overlaps with the measurement gap, UE should take into account the measurement and thus avoid transmiting the msgA, which is the same principle as that for transmission msg1 in legacy 4-step RACH.
Proposal 5 UE should not transmit MsgA when it overlaps with measurement gap.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
For load-balancing purpose, UE can randomly select between 2-step RACH and 4-step RACH with equal probability, or according to a factor the broadcasted by the network.
Proposal 2
Introduce rach_type offset to RA-RNTI formula to extend the RA-RNTI values for 2-step RACH
Proposal 3
UE should not transmit MsgA when it overlaps with measurement gap.
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