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1 Introduction

In last RAN2#107 meeting, there were quite good progress regarding some stage 2 open issues, for example, the following the agreements were made:
MSGB HARQ Agreements

=>
HARQ feedback for msgB would be needed from RAN2 point of view

RACH Type Agreements

1. RA type selection is NOT left up to UE implementation.  

2. 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.  

3. 2-step RA type selection is done after carrier type selection (UL/SUL).  FFS if we have separate threshold for different carriers (UL/SUL)
4. RA type selection is performed before beam selection

5. No need to reexecute RA selection criteria upon fallback failure (i.e if reception of msg3 fails).  The UE re-transmits using msgA
Fallback Agreements:

1. If the random access procedure is not successfully completed even after transmitting the msgA 'N' times, UE fallbacks to 4 step RACH procedure i.e. UE only transmits the PRACH preamble.  

2. Network can configure the number of times 'N', a UE can attempt to re-transmit msgA during the random access procedure.  

3. For MsgA with C-RNTI or CCCH SDU, upon receiving fallbackRAR corresponding to random access preamble transmitted by UE, UE may stop monitoring PDCCH addressed to msgB-RNTI.

4. For MsgA with CCCH SDU, if neither fallbackRAR or successRAR is received within the response window, the UE should consider the msgA attempt failed and do back off operation based on the backoff indicator if received in MsgB

However, there are still some stage 2 open issues which may be worth to being discussed, which are as follows:

· The FFS on RACH type selection threshold;
· Whether we need additional RACH type selection criteria on top of the agreed RSRP based criteria;

· Whether msgB-RNTI is RA-RNTI or not?

· Whether HARQ operation applies to msgB transmission in all cases?

· How to perform 2-step RACH resource selection and whether preamble group is needed or not?
In this paper we discuss the above all the stage-2 related open issues.

2 Discussion

2.1 RACH type selection threshold per UL/SUL
In last meeting, we have agreed RACH type selection is based a configured RSRP threshold, and further agreed RACH type selection is done after SUL/UL selection. Then, one question is that whether SUL/UL has separate RACH type selection threshold? 
If the RSRP threshold for RACH type selection is common for UL/SUL, it somehow means UE does not need to perform RACH type selection after SUL/UL selection. For example, if the RSRP threshold for RACH type selection is higher than the threshold for SUL/UL selection, UE can never choose 2-step RACH in SUL if UE selects SUL.
Proposal 1 The RSRP threshold for RACH type selection is configured separately for SUL and UL.
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 MsgA can directly carry payload information, which can only be carried in Msg3 in legacy 4-step RACH. From UE’s perspective, it has no reason for not prioritizing the use of 2-step RACH, whenever possible. However, one of the consequences for all UEs prioritizing 2-step RACH would cause overloaded situation for 2-step RACH resources. Some load balancing schemes must be studied.

In the last RAN2 meeting, we have agreed to introduce RSRP-based RACH type selection. 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 UE’s distribution may not always be uniform, in some cases, when a large population of UEs are located around the cell centre, by applying RSRP-based RACH type selection, almost all the UEs will select 2-step RACH as long as their RSRP measurement exceeds the configured RSRP threshold. 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.
To this end, RAN2 should consider the load-balancing solution that UE randomly selects between 2-step RACH and 4-step RACH, even though its RSRP exceeds the threshold. 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 for UEs to use. UE just draws a random number and compares it with the broadcasted load factor to decide which RACH type to use.

Proposal 2 For load-balancing purpose, UE shall randomly select between 2-step RACH and 4-step RACH, with equal probability or according to the broadcasted probability.
2.3 Whether msgB-RNTI is RA-RNTI or not?
As agreed, when C-RNTI or CCCH SDU is included in msgA, UE monitors msgB-RNTI addressed PDCCH scheduling msgB. The msgB may include BI indicator, fallbackRAR(s), successRAR(s) and possible RRC message.
It’s clear that msgB should be addressed to multiple UEs. In our view, fallback response still needs to be addressed to multiple UEs which uses the same RO to transmit the preamble. We think RA-RNTI can still be used for 2-step RACH UE to receive fallback response.
Proposal 3 MsgB-RNTI will re-use RA-RNTI as a baseline.

Then one issue is that, 4-step RACH UEs may detect the RA-RNTI addressed PDCCH for msgB scheduling if the RO selected by 4-step RACH UE and 2-step RACH UE is the same. In order to make the 4-step RACH UE transparent to the MSGB intended to 2-step RACH UE, network can configure separate monitoring searchspace for msgb and msg2, however, this may need further input from RAN1.
Proposal 4 RAN2 discusses how to prevent 4-step RACH UEs detecting the msgB if msgB is scheduled by RA-RNTI PDCCH.

2.4 HARQ aspects

In last meeting, it’s agreed HARQ feedback for msgB would be needed from RAN2 point of view. Although HARQ feedback details are up to RAN1 discussion, there could be still some impacts from RAN2 perspective.

Firstly, msgB may include one or several successRAR, if there is only one successRAR included in msgB, from RAN2 perspective, the HARQ feedback for legacy msg4 can be re-used in this case, thus no further RAN2 impacts can be observed.
Proposal 5 When msgB contains only one successRAR, the legacy HARQ feedback for msg4 can be re-used.

If there are several successRAR included in msgB, current R15 does not support HARQ feedback when the message is addressed to multiple UEs. One issue could be how to decide the PUCCH resources for different UEs. From RAN2 point of view, determining the PUCCH resources for different UEs who receive the successRAR in msgB is up to UE. It’s not expected that the indicating PUCCH resources of HARQ feedback has any impacts to the msgB MAC PDU format.
Proposal 6 When msgB contains multiple successRARs, it’s up to RAN1 how to design the HARQ feedback. RAN2 assumes there is no impact to msgB MAC PDU format.
2.5 Random access resource selection
2.5.1 SSB selection

In 4-step RACH, SSB is selected based on configured rsrp-ThresholdSSB. UE selects a SSB if the RSRP of the SSB is above rsrp-ThresholdSSB, otherwise UE selects any SSB. After selection SSB, UE selects RO and preamble based on configured mapping relationship between SSB and RO and preamble. By receiving msg1, network can identify the selected SSB thus msg2 can be sent in the direction of the identified SSB.

For 2-step RACH, SSB and RO in msgA can be associated with the same manner as in 4-step RACH as agreed in RAN1. In order to make the network transmit msgB in a proper beam, the SSB selection in 4-step RACH can be reused in 2-step RACH. In other words, network configures a rsrp-ThresholdSSB to UE, UE selects SSB if RSRP of 
Agreements:
The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH. FFS beam association for PUSCH

Proposal 7 In 2-step RACH, SSB selection re-uses the same way in 4-step RACH.

2.5.2 RO and preamble selection

In 4-step RACH, after SSB is selected, UE selects the preamble with equal probability from the preambles associated with the selected SSB and the selected preamble groups. In NR, preamble group is introduced to enable the UE to indicate network whether the msg3 size is large or small.

For 2-step RACH, since the PUSCH resources are configured from network and based on the configured mapping relationship between preamble and PUSCH resources, the network is able to be aware of the size of the PUSCH. It seems there is no need to introduce preamble group to 2-step RACH. 
Proposal 8 In 2-step RACH, preamble group is not supported.

For RO and preamble selection, in 4-step RACH, UE determines the RO and preamble randomly among the ROs/preambles corresponding to selected SSB.
However, in 2-step RACH, per RAN1 discussion, there will be a mapping relationship configured between preamble and PUSCH:
Agreements:

· PUSCH resource unit for 2-step RACH is defined as

· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.
Working assumption:

· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.

· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit

· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis
According to the working assumption from RAN1, there will be a one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
Given the mapping relationship configured for 2-step RACH, when UE selects RO and preamble for the selected SSB, it needs to consider whether the mapped PUSCH can support the payload needs to be transmitted. As agreed in last meeting, the minimum payload sizes the MsgA shall be able to support are 56 and 72 bits. If 2-step RACH is triggered in Inactive state and the payload size to be transmitted is 72bits, UE should choose the RO and preamble so that the mapped PUSCH resources can support 72bits.
Proposal 9 In 2-step RACH, UE selects RO and preamble for the selected SSB, and selects the PO based on the mapping and the payload size to be transmitted.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The RSRP threshold for RACH type selection is configured separately for SUL and UL.
Proposal 2
For load-balancing purpose, UE shall randomly select between 2-step RACH and 4-step RACH, with equal probability or according to the broadcasted probability.
Proposal 3
MsgB-RNTI will re-use RA-RNTI as a baseline.
Proposal 4
RAN2 discusses how to prevent 4-step RACH UEs detecting the msgB if msgB is scheduled by RA-RNTI PDCCH.
Proposal 5
When msgB contains only one successRAR, the legacy HARQ feedback for msg4 can be re-used.
Proposal 6
When msgB contains multiple successRARs, it’s up to RAN1 how to design the HARQ feedback. RAN2 assumes there is no impact to msgB MAC PDU format.
Proposal 7
In 2-step RACH, SSB selection re-uses the same way in 4-step RACH.
Proposal 8
In 2-step RACH, preamble group is not supported.
Proposal 9
In 2-step RACH, UE selects RO and preamble for the selected SSB, and selects the PO based on the mapping and the payload size to be transmitted.
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