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1 Introduction

In RAN2#102 meeting, there was some discussion on RACH procedure for NR-U and several agreements were achieved [1]. 
Agreements

1:
Both CBRA and CFRA are supported. Changes for NR-U operation will be studied

2:
4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress

3: 
We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U
In last AH meeting, whether to study 2-step RACH for NR-U was discussed again and RAN2 agreed that both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied. In this contribution, we would like to discuss about some details related to enhancement on 4-step RACH and give corresponding proposals. 
2 Discussion
RAN2 already agreed to both CBRA and CFRA are supported for NR-U. For CBRA, currently there are in total four steps including preamble transmission, RAR reception, Msg3 transmission and contention resolution. To perform a CBRA procedure on NR-based unlicensed cell, before each step as mentioned above, either a DL LBT or UL LBT is required as shown in Figure 1. Compared with CBRA procedure on licensed cell, additional latency is introduced due to the LBT procedure. Moreover, multiple LBT failures may result in RACH failure which is a waste of PRACH resource. Therefore, when designing the RACH mechanism on NR-based unlicensed cell, LBT latency needs to be taken into consideration and some enhancements may be needed to improve the efficiency. Several possible enhancement of 4-step RACH are listed as below.  
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Figure 1 4-step RACH procedure
2.1 Multiple preamble transmissions 

Since a successful LBT is required before any transmission on unlicensed NR-U cell, it is obvious that multiple preamble transmission opportunity is beneficial to reduce the transmission latency. In last meeting, it was already proposed to allow the UE to transmit the preamble on any cell within the same TAG to which the cell where RA is originally initiated belongs [2]. 
Actually for CFRA, it is the PDCCH order which indicates the cell to transmit the preamble, while for CBRA, in legacy, is only supported on SpCell and the preamble can only be transmitted via SpCell. Even though as proposed by some companies, CBRA on NR-U SCells is supported in next release, the approach of transmitting preambles on other cells within the same TAG of the cell where RA originally triggered may not work. This is because transmission of preambles on different cells may cause “virtual collision”. For example, there are two parallel preamble transmitting on different cells from two different UEs but the calculated RA-RNTI as well as the selected preamble is the same, then even though the gNB is able to detect both preambles since they are transmitted on different cells, based on current MAC PDU format, there is only one RAR for these two UEs. In this case, only one UE is able to complete the RACH procedure and the other one fails after the contention resolution even though from the gNB perspective, its preamble has been successfully decoded. This will increase the latency as well as reduce the possibility of success, unless some modification of the RAR format or the formula of RA-RNTI calculation is introduced. However, such kind of modification introduces too much complexity on UE implementation as well as specification and also requires quite a lot of discussion, which is not a preferred solution. Therefore, for 4-step RACH, it is proposed to transmit the preamble on the cell where RACH originally initiated. 

Proposal 1: For 4-step RACH, the preamble is transmitted on the cell where RACH originally initiated.
Actually the most straightforward mechanism to increase the preamble transmission opportunities is to configure dense PRACH resource. In this case, the UE is able to try to access the resource for another attempt in case of LBT failure quickly and the impact on latency is relieved. However, the detailed design as well as the feasibility needs to be discussed in RAN1. 

Proposal 2: Support dense configuration of PRACH resource for preamble transmission, details are up to RAN1.
2.2   Cross carrier RAR scheduling 

In NR, similar as in LTE, carrier aggregation was agreed to be supported to increase the UE operation bandwidth so as to increase the UE perceived data rate as well as to increase the eNB scheduling flexibility. In NR CA, UE may initiate the random access procedure in SCell in order to obtain the timing advance alignment for a sTAG, and in this case the corresponding RAR will be transmitted on the PCell. The adoption of such solution was mainly for the sake of simplicity. Similar mechanism applies to dual connectivity scenario as well, i.e., RAR is transmitted on SpCell. 

In NR-U, as we agreed in last meeting, at the first stage, the scheduling of RAR transmission on the SpCell for access attempts that initiated from one SCell could be supported. However, since we already agreed to support stand-alone/dual connectivity scenario, in which case unlicensed spectrum is operated as SpCell, it is beneficial to take a step further to allow the RAR to be transmitted on any component carrier as shown in Figure 1. As the outcome of LBT is unpredictable, with the introduction of cross carrier RAR scheduling, more robust/efficient RAR transmission can be achieved given that the gNB can choose to schedule the RAR transmission over the best component carrier. 
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Figure 1
Proposal 3: The design of 4-step RACH in NR-U needs to support cross-carrier RAR scheduling.
2.3   Extend RAR window

In NR, ra-ResponseWindow maximum value is 10ms. Similar as in LTE, the UE will start the RAR window at the first PDCCH occasion from the end of the Random Access Preamble transmission and monitor the RAR when the time window is running. In case of unsuccessful reception of RAR upon expiry of this time window, this RACH procedure is considered as failed and UE needs to have another attempt. In NR-U similar concept should be adopted as well, i.e., reuse the definition of ra-ResponseWindow. However, since we already agreed to support stand-alone/dual connectivity scenario, in which case unlicensed spectrum is operated as SpCell, UE may not be able to receive RAR within the maximum 10ms window due to LBT failure and unnecessary RACH attempt may be triggered. Therefore, in order to provide sufficient opportunity to transmit RAR, ra-ResponseWindow may need to be extended to overcome the LBT impact. Detailed value can be discussed during the WI. 
Proposal 4: ra-ResponseWindow is extended to overcome the LBT impact in NR-U.

3 Conclusion

In this contribution, we discuss about some details related to 4-step RACH and we have the following proposals. 
Proposal 1: For 4-step RACH, the preamble is transmitted on the cell where RACH originally initiated.
Proposal 2: Support dense configuration of PRACH resource for preamble transmission, details are up to RAN1.
Proposal 3: The design of 4-step RACH in NR-U needs to support cross-carrier RAR scheduling.
Proposal 4: ra-ResponseWindow is extended to overcome the LBT impact in NR-U.
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