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1. Introduction

In this contribution, some potential enhancements for RACH procedure in NR-U are discussed. 
2. Discussion 

2.1. Msg1 

Both contention-based RACH and contention-free RACH should be supported for NR-U at least for standalone scenario. RACH procedure can be triggered by initial access, RRC connection re-establishment procedure, handover, DL or UL data arrival with non-synchronized UL, request for OSI, beam failure recovery, etc., which may require a dense PRACH resource configuration. The PRACH resource configuration is indicated by system information and should be reserved by idle UE for initial access procedure. However, since the DL transmission burst is opportunistic due to LBT, frequently appeared PRACH resources may cause frequently interruption of a DL transmission burst, which would lead to inefficient transmission in unlicensed carriers.

Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U. As shown in Figure 1, PRACH configuration 1 with longer periodicity indicated by system information can be used for idle UE for initial access, PRACH configuration 2 with shorter periodicity configured by RRC and indicated by dynamical signaling can be used for connected UE performing RACH procedure. For example, activation command and de-activation command can be introduced to dynamically indicate the activated time window, within which PRACH resource configured by PRACH configuration 2 can be used for preamble transmission.  
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Figure 1 PRACH resource configuration for NR-U 

Proposal 1: Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U.

2.2. Msg2

For a RACH procedure, a UE needs to monitor a corresponded Msg2 within a preconfigured RAR window after transmitting a preamble. If the UE does not detect the PDCCH with an associated RA-RNTI within the window, it needs to retransmit the preamble and wait for a RAR again. In unlicensed bands, a gNB needs to perform LBT procedures before replying a RAR. If the gNB cannot obtain an available channel within the RAR window due to LBT failures, the gNB will not reply the RAR and the UE will not detect any PDCCH scrambled by the associated RA-RNTI. 

To handle this issue, in RAN1#94 meeting, it has been agreed to extend the maximum RAR window size to support more occasions for the RAR transmission. However, such a longer RAR window also increases the RAR monitoring occasions for a UE. If a gNB responded a RAR to a UE and the UE missed the response, or if a gNB did not prepare to respond a UE when contentions existed, the fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions. Thus, it seems extending the maximum RAR window size is a good option to introduce more RAR transmission occasions, but using a fixed long RAR window is not a good solution considering the power consumption and the access delay for a RACH procedure. How to design the RAR window and the RACH procedure in NR-U needs to be further considered. For example, a flexible RAR window can be introduced. 

Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions.

2.3. Msg3

In Rel.15, the PUSCH resource allocated for Msg3 transmission in a RACH procedure can be determined by PUSCH time resource allocation in a RAR UL grant as well as a fixed offset table as shown in Table 1. More specifically, if one UE receives RAR in slot n, it is expected to transmit the PUSCH carries Msg3 in slot n+k2+Δ, where k2 is indicated by PUSCH time resource allocation, Δ is determined by Table 1 w.r.t. subcarrier spacing.

Table 1 Definition of value Δ
	μPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6


In NR-U, however, the DL transmission burst or the UL transmission burst is opportunistic, the limited value of Δ may impact gNB’s scheduling flexibility, enhancement to Msg3 should be considered. 

Alt 1: More candidate Δ values can be predefined, so that gNB can select the suitable Δ values from the predefined Δ value set to allocate suitable UL resources for UE.  

Alt 2: 2-step scheduling can be considered for Msg3 transmission, where the first grant, i.e., RAR UL grant can be used to indicate the PUSCH transmission parameters, and the second grant can be used to indicate the slot of the PUSCH.

Proposal 2: Enhancement to Msg3 scheduling can be considered.

3. Conclusion
In this contribution, some potential enhancements for RACH procedure in NR-U are discussed. The following observation and proposals are made.

Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions.

Proposal 1: Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U.

Proposal 2: Enhancement to Msg3 scheduling can be considered.
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