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1 Introduction

This contribution discusses methods to enhance RACH and Paging efficiency in NR-U in accordance to the subsequent agreements:
Agreements: [1]
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:

1. Frequency-domain enhancement

a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA

2. Time-domain enhancements

a. For connected mode UE, scheduling of PRACH resources via DCI. 

i. Triggered PRACH within TXOP can use a new resource

b. For idle mode UE, scheduling of PRACH resources via paging

i. Note: potential inefficiency in network resource due to paging across multiple cells

c. Additional, new RACH resources are used immediately following detection of DRS transmission

d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

ii. FFS: How to handle potential multiple RARs to same UE

e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

In a typical licensed carrier case, base station assigns periodic DL and UL resources respectively for paging and RACH. This is sufficient to guarantee efficient DL and UL connectivity where NR doesn’t have to share medium with other systems, however this doesn’t hold in unlicensed operation.  In NR-U, due to LBT uncertainty, there is no guarantee that the paging and RACH pre-configured periodic resources can effectively be controlled and used by the base station. This uncertaintywill result in scenarios where some users paging and RACH resources have passed before the start of the TxOP and may potentially not appear at all within the TxOP. Thus, the base station may not be able to page these users if it has data to send, or these users may not be able to initiate the transmission by sending a RACH message if they have data to send in the UL direction. Such situation in fact may prevail over multiple TxOPs of the unlicensed carrier due to uncertain nature of LBT. This may result in serious degradation of user quality of service.

Observation 1: Pre-configured RACH and paging occasions can’t guarantee fast and efficient UE connectivity in NR-U.
2 Dynamic Paging and RACH occasions
When LBT passes on a certain time instant, it is not clear which paging/RACH resources have already passed recently before the start of the TxOP. Then there is also the question of with which periodicity the resources were configured. This means that for some users the paging/RACH resources have already passed and due to configured periodicity, the next occurrence may not be present in the current TxOP, depending upon the sizes of the current COT and the periodicity of paging/RACH resource. The absence of paging resource will result in network inability to communicate with this user and the absence of the RACH resource will result in the user inability to communicate to the network.

One way to avoid this situation is to flexibly create the paging/RACH resources in the current TxOP when the LBT passes and indicating the resource information to the users.

Proposal 1: The base station can flexibly create the paging and RACH resources in a COT on an unlicensed carrier and can indicate this explicitly to the users.

The base station will normally configure a default configuration for paging and RACH resources which is active whenever it has access to the unlicensed medium. Thus, it can send the updated configuration only when it needs that to handle these random TxOP start timings. 
The ability to indicate dynamically the appropriate updated paging and RACH resources allows the network to mitigate the effect of missed PO/RO due to LBT delays and also allows the network to choose the configuration which is appropriate to handle the current network and users’ dynamics. 
Proposal 2: The base station uses common signaling to indicate the updated/modified configuration and provisioning of paging/RACH resources for the current TxOP of the unlicensed medium.
One method is to have some individual configurations for paging resource and some individual configurations for RACH resource. These configurations can be pre-configured to the users and the active configurations for paging and for RACH for a TxOP can be indicated to the users as two information fields. To compress the information, it is possible to tabulate the configurations jointly for paging and RACH resource. Thus, each single entry in the table can indicate a specific configuration for paging and a specific configuration for RACH. To minimize overhead, POs and ROs possible configurations can be tabulated and a single set of indexes is indicated by the base station hence reducing overhead to few bits per TxOP.
3 Conclusion
In this contribution, the following observations and proposal have been put forward:
Observation 1: Pre-configured RACH and paging occasions can’t guarantee fast and efficient UE connectivity in NR-U.
Proposal 1: The base station can flexibly create the paging and RACH resources in a COT on an unlicensed carrier and can indicate this explicitly to the users.

Proposal 2: The base station uses common signaling to indicate the updated/modified configuration and provisioning of paging/RACH resources for the current TxOP of the unlicensed medium.
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