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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
In NR, with introducing the dimensions of BWP, SUL, beam, it is possible for gNB to allocate multiple dedicated RACH resources to a UE. This contribution discusses the scenarios where gNB should allocate multiple dedicated RACH resources to a UE and the way to allocate such resources.
Discussion
We discuss the scenarios of multiple dedicated RACH resources based on the signaling for RACH resource allocation.
· PDCCH order
· Scenario 1: PDCCH order in a cell with UL/SUL
In current specification [1], “If a UE is configured with two UL carriers for a serving cell and the UE detects a "PDCCH order", the UE uses the UL/SUL indicator field value from the detected "PDCCH order" to determine the UL carrier for the corresponding random access preamble transmission”. If gNB can get the uplink channel condition well, it is reasonable for gNB to assign UL/SUL to the UE (Figure 1a).
However, CFRA triggered by PDCCH order is used for DL data arrival without UL synchronization. Due to long time out-of-sync, it is possible that gNB can’t assess the uplink channel condition very well. Consequently, if gNB allocated dedicated RACH resource in UL only and UE undergoes bad channel condition in UL, the CFRA will fail. 
Observation 1: If PDCCH order indicates one of UL/SUL without the knowledge of UL channel condition, it is possible to incur CFRA procedure failure.



[bookmark: _Ref510445308]Figure 1: PDCCH order in a cell with UL/SUL
During CBRA procedure, UE could select UL or SUL according to the parameter sul-RSRP-Threshold. This RACH resource selection between UL and SUL should be applied to a CFRA procedure triggered by PDCCH order as well. That is, PDCCH order could indicate PRACH resources on both UL and SUL, and UE selects one uplink carrier according to the comparison between the RSRP of the downlink pathloss and sul-RSRP-Threshold.
The way to indicate PRACHs on both UL and SUL can be simple. When PDCCH order doesn’t include UL/SUL indicator field or includes a special field indicating for both UL and SUL, one single PRACH mask in PDCCH order can indicate different PRACHs on UL and SUL. For example, a PRACH mask index meaning “odd ROs” indicates the odd ROs within UL carrier PRACHs, but also the odd ROs within SUL carrier PRACHs to be used for CFRA.
Proposal 1: One PDCCH order can indicate PRACH occasions on both UL and SUL.
Proposal 1.1: RAN2 discuss the way to indicate the PDCCH order for both UL and SUL: 1) UL/SUL indicator field absent; or 2) a special field indicating the dedicated RACH allocation is for both UL and SUL; and send an LS to RAN1 if any decision is made.
Proposal 1.2: One single PRACH mask in PDCCH order can indicate different PRACHs on UL and SUL.

· Broadcast signaling
· Scenario 2: Msg1 based SI dedicated RACH resource for a cell with UL/SUL
For performing Msg1 based SI request, gNB should reserve preamble and PRACH for specific SI. When a cell is configured with UL and SUL, gNB should reserve the dedicated RACH resources on both UL and SUL. Generally, gNB should allocate the reserved PRACH resources on UL and SUL separately and two sets of RACH resource configurations should be included in SIB1 (Figure 2 a).
However, considering the capability of SIB1, we could include one single PRACH mask in SIB1 to indicate the dedicated RACH resources on both UL and SUL (Figure 2 b).To perform this function, we can just skip the optional RACH resource allocation field for Msg1 based SI request on SUL and apply equally the field in UL to SUL as well. For example, when PRACH mask index in UL indicates the 1st RO for Msg1 based SI request, it is applied to SUL too. 



[bookmark: _Ref510534023]Figure 2: Reserved RACH resources for Msg1 based SI in the cell with UL/SUL

Proposal 2: Considering the capability of SIB1, we should consider using one single PRACH mask in SIB1 to indicate dedicated RACH resources on both UL and SUL for Msg1 based SI request.

· RRC dedicated signaling
With RRC dedicated signaling, some further scenarios involving PRACH mask are as follows: 
· Scenario 3: HO to a cell with UL/SUL
Similar to PDCCH initiated CFRA, because gNB can hardly know the UL channel condition very well in target cell, gNB should allocate dedicated RACH resources on both UL and SUL to a UE. Then the HO success can be guaranteed to a great extent.
Currently, gNB configures dedicated RACH resources on either UL or SUL, separately.
· Scenario 4: dedicated RACH resources for multi-beam (HO, BFR)
As supported in current specification, gNB can configure a dedicated RACH resource on each beam separately. So UE can select suitable beam for CFRA procedure.
· Scenario 5: dedicated RACH resources for multi-BWP ( BFR)
With multi-BWP configuration, gNB can configure dedicated RACH resource for BFR on each BWP. So UE can initiate BFR on any active BWP.
In scenario 3 to 5, it could be possible to optimize the RRC signaling so that one single PRACH mask indicates different PRACHs on UL/SUL, or beams, or BWPs. However, if we think this part of RRC signaling overhead is not essential, so we can omit the optimization.
[bookmark: _GoBack]Observation 2: The optimization of one PRACH Mask indicating multiple PRACHs in RRC dedicated signaling may not be essential.
Conclusion 
In this contribution, we discuss the scenarios of multiple dedicated RACH resources allocation and get below summary:
PDCCH order:
Observation 1: If PDCCH order indicates one of UL/SUL without the knowledge of UL channel condition, it is possible to incur CFRA procedure failure.
Proposal 1: One PDCCH order can indicate PRACH occasions on both UL and SUL.
Proposal 1.1: RAN2 discuss the way to indicate the PDCCH order for both UL and SUL: 1) UL/SUL indicator field absent; or 2) a special field indicating the dedicated RACH allocation is for both UL and SUL; and send an LS to RAN1 if any decision is made.
Proposal 1.2: One single PRACH mask in PDCCH order can indicate different PRACHs on UL and SUL.
Broadcast signaling:
Proposal 2: Considering the capability of SIB1, we should consider using one single PRACH mask in SIB1 to indicate dedicated RACH resources on both UL and SUL for Msg1 based SI request.
RRC dedicated signaling:
Observation 2: The optimization of one PRACH indicating multiple PRACHs in RRC dedicated signaling may be not essential.
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