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1	Introduction 
In order to achieve 4-step RACH enhancement due to LBT failure, RAN1 made the following agreements and captured in TR [1]:
	For potential RACH resource enhancements, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15, but consensus was not achieved. These options may be further considered when specifications are developed:
-	Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
-	Time-domain enhancements:
-	For connected mode UE, scheduling of PRACH resources via DCI. 
-	Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI
-	For idle mode UE, scheduling of PRACH resources via paging
-	Note: potential inefficiency in network resource due to paging across multiple cells
-	Additional, new RACH resources are used immediately following detection of DRS transmission
-	Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
-	Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
-	Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain



One option is to consider additional or new RACH resources after DRS transmission to be used in time domain. In this contribution, we provide our views for the new RACH resources in NR-U and give our suggestion.

2 Discussion
Allowing new RACH resources after DRS transmission may be beneficial and be feasible for NR-U. Since the transmission opportunity of RA preamble is increased, a UE could have more transmission opportunities for the RACH procedure. For initiation of a COT by the gNB to transmit DRS, gNB may be able to share COT with UEs. Consequently, a UL burst may be located within a gNB-initiated COT. Cat 1 or Cat 2 LBT channel access scheme can be used by the associated UEs. The access delay of the RACH procedure could be avoided. However, the case where new RACH resources immediately following detection of DRS transmission may need more consideration. For example, DRS may be multiplexed with PDSCH as shown in FIG. 1. It may not be feasible to located RACH resources immediately following detection of DRS transmission.

[image: ]
FIG. 1 DRS multiplexing with PDSCH

Observation 1: RACH resources immediately following detection of DRS transmission need to be further considered a case of DRS multiplexing PDSCH.

For a general case, new RACH resources could be located after detecting DRS with scheduling flexibility. For example, an offset to indicate the number of slot and/or symbol between new RACH resources and DRS, so that the restriction of RACH resources immediately following detection of DRS transmission may not be necessary. One or more offsets can be dynamically indicated according to gNB scheduling as shown in FIG. 2 as an example. The detail signalling can be further discussed in a later phase.
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FIG. 2 Offset to new RACH resources w.r.t. DRS

Proposal 1: Offsets to RACH resources after detecting DRS can be considered to achieve gNB scheduling flexibility and to increase UE transmission opportunity.

Furthermore, RACH resources associated with data burst should be considered as well when considering a case of a COT initiated by the gNB containing no DRS. Scheduling of PRACH resources via DCI can also implemented by an offset. Similar to LTE LAA, an offset in addition to a UL/DL configuration for a COT can be provided when RACH resources are scheduled as shown in FIG. 3 as an example. Shift (S) indicates the number of slots to the start of indicated UL burst from the slot carrying the DCI. UL burst duration (U) indicates the number of UL slots sharing the same COT with the DL slot carrying the DCI. Offset (O) indicates the number of slots to the start of indicated RACH resources from the last DL slot of the COT. Therefore, the location of RACH resources could be dynamically scheduled and indicated. More than one offset for RACH resources is also allowed. New RACH resources scheduled outside of a COT may not be precluded. The exact definition of the field associated with offsets can be discussed in a later phase.
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FIG. 3 Offset to new RACH resources w.r.t. a COT

Observation 2: In addition to RACH resources associated with DRS transmission, RACH resources associated with data burst should be considered/supported.

Proposal 2: RACH resources within or outside of a COT can be indicted by an offset field in DCI.

3	Conclusions
In this contribution, we discuss about new RACH resources in time domain enhancements. We conclude with the following observations and proposals:

Observation 1: RACH resources immediately following detection of DRS transmission need to be further considered a case of DRS multiplexing PDSCH.
Observation 2: In addition to the RACH resources associated with DRS transmission, the RACH resources associated with data burst should be considered/supported.

Proposal 1: Offsets to RACH resources after detecting DRS can be considered to achieve gNB scheduling flexibility and to increase UE transmission opportunity.

Proposal 2: RACH resources within or outside of a COT can be indicted by an offset field in DCI.
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