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1. Introduction
RACH procedure for NR system is mostly completed except for several key features. What we think are remained to be done are firstly the mapping rules of SSBs to ROs, CORESET/PDCCH monitoring occasions for RACH procedure (including RACH msg.2/3-retransmission/4 scheduling DCI) and the details on the contention-free RACH. In this document, we discuss on the issues with more details. 

Discussion
Mapping rules of SSBs to the effective RACH resources/occasions 
	Agreements: 
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)

Agreements:
· Support cyclically mapping the actually transmitted SS/PBCH blocks and ROs within a period
· FFS the definition of the period
· FFS whether or not there a case of ROs that are not enough for a complete association with all the actually transmitted SS/PBCH blocks and if so, how to handle
Agreements:
· For the cyclic mapping of association between ROs and all the actually transmitted SS/PBCH blocks, if there are leftover ROs after an integer number of cycles within the defined period, 
· no SS/PBCH blocks are mapped to these leftover ROs 


Based on the agreements above, within a certain time period SSBs are cyclically mapped to the RO(RACH Occasion)s and after integer multiple of cyclic mapping, any of SSBs are mapped to the leftover ROs. What should be clarified is “the period” of SSBs to ROs mapping. Current agreements on the PRACH configuration so far define the so-called ‘PRACH configuration pattern base’ with 10ms radio frame length. The PRACH configuration pattern base can be repeated once every 10ms, 20ms, 40ms, 80ms and 160ms depending on the RACH configuration periodicity, while the transmission period of SSBs can be one of 5ms, 10ms, 20ms, 40ms, 80ms and 160ms. The effective number of time domain ROs are determined based on the actually transmitted SSBs and the transmission period of the SSBs. The exact number of ROs are further calculated based on the effective time domain ROs and the number of FDMed ROs at a time instance. For this reasons, the time period of SSB to RO synchronization is not simply decided by the PRACH configuration period and the SSB burst period. In other words, all SSBs should be mapped to ROs at least once within the period and in order not to frequently generate leftover ROs, the mapping period should be long enough. We consider the time period, i.e. the mapping period for SSB to RO synchronization is (integer multiple of) the max of the PRACH configuration and the SSB burst period. Alternatively, the period can be explicitly signalled, e.g. 40ms, 80ms or 160ms. For the RACH procedure for handover, SFN offset between source cell and target cell can be signalled in the RACH configurations. 
Proposal 1: 
· The time period for SSB to RO synchronization is (integer multiple of) the max of the PRACH configuration and the SSB burst period. Alternatively, the period can be explicitly signalled, e.g. 40ms, 80ms or 160ms.

CORESET/PDCCH monitoring occasion/Monitoring Window for RACH procedure 
After UE transmits PRACH preamble on a RACH occasion, UE should monitors the RAR within the configured RAR window. Since RAR is transmitted via PDSCH, UE monitors the corresponding PDCCH using the RA-RNTI and the time-frequency information on which the DCI (Downlink Control Indicator) scheduling RAR should be known by the UE. Hence, the control resource set (CORESET), the potential symbol and slot position of the DCI for scheduling RAR can be indicated by the network via e.g. RACH configuration information. The CORESET for RACH procedure can be provided in the RMSI (e.g. RACH configuration). If the configuration of CORESET for RACH procedure is not provided, The CORESET for RMSI reception is used for the RACH procedure. 
Proposal 2: 
· The CORESET for RACH procedure can be provided in the RMSI (e.g. RACH configuration). If the configuration of CORESET for RACH procedure is not provided, The CORESET for RMSI reception is used for the RACH procedure.  

In addition, the monitoring occasion within the configured RAR window can be provided. The candidate monitoring occasion for RAR reception in a slot can be given to a UE, and the UE expects the DCI for RAR can be transmitted on the indicated monitoring occasions. During the RAR window, the UE monitors DCI for RAR on the indicated monitoring occasion every slot. Otherwise, the monitoring occasion for RMSI PDCCH reception can be used for the purpose of the RAR reception, while UE monitors the DCI every slot. 
For the reception of the Msg3 retransmission/Msg4 scheduling DCIs, the monitoring window and the monitoring occasions should be known by the UE, and the UE can use the same CORESET, the PDCCH monitoring occasion, and the monitoring window for RACH Msg2/Msg3 retransmission/Msg4 scheduling. 
Proposal 3: 
· The same CORESET, the PDCCH monitoring occasion, and the monitoring window are used for the reception of RACH Msg2/Msg3 retransmission/Msg4 scheduling. 

On the association of SSB index and the RACH procedure
Different from that the broadcast system information is transmitted with the association of the SS block indices, RAR is not necessarily associated with the SS bock indices. The main motivation of mapping multiple SSBs to a single RO is for the network to possibly transmit RARs from multiple SSBs with the same RA-RNTI. In addition, in case of the multiple SSBs mapping to a multiple FDMed ROs at the same instance, dedicating specific symbols (slots) for the specific RARs associated with the SSB clearly leads an inefficiency of the system and the latency of RACH procedure. Therefore, the monitoring occasions for RAR should not be necessarily associated with the SSB indices. The monitoring occasions are the indicated symbols of every slots within the RAR monitoring window, where the symbol positions can be signalled from the network. Similarly, the monitoring occasions for Msg3 retransmission grant/Msg4 scheduling grant are to be the same as that indicated monitoring occasions per slot within the monitoring window. 
Proposal 4: 
· The monitoring occasion for RACH messages are not necessarily associated with the SSB indices. The monitoring occasion is the indicated symbols per slot within the monitoring window.

RACH procedure by PDCCH order 
For UEs in DRX mode, network may trigger the RACH procedure using the PDCCH order. Typically, the RACH procedure triggered by the PDCCH order is for the UE to get the UL synchronization. The RACH procedure can also be initiated by the network when DL data is arrived but the gNB has already missed the UE’s serving/best beam due to the absence of DL/UL communication for a while, which is understood as the beam management behaviour. Whether a UE loses the UL synchronization or gNB misses the UE’s beam, RACH procedure is triggered by the PDCCH order. Which ROs to use for the RACH procedure by the PDCCH order can be indicated via the DCI contents, i.e. the dedicated preamble for the contention-free RACH on the contention based RO or the dedicated preamble for the contention-free RACH on the contention-free RO for beam-management procedure. The dedicated preamble index should be included in the DCI. In SSB:RO=1:1 mapping case, single dedicated preamble index can be allocated for the contention-based RACH procedure, which can be used on any of ROs and UE selects which ROs to transmit the preamble based on the DL signal (SSB) measurements. In SSB:RO = M:1 mapping case, at least consecutive M preambles need to be dedicated for the contention-free RACH procedure, and the starting preamble index and the number of preambles dedicated to the UE are included in the DCI triggering the RACH procedure. 
Proposal 5: 
· Which ROs to use for the RACH procedure by the PDCCH order is indicated via the DCI contents.
· The dedicated preamble index should be included in the DCI.
· In SSB:RO=1:1 mapping case, single dedicated preamble index can be allocated for the contention-based RACH procedure.
· In SSB:RO = M:1 mapping case, at least consecutive M preambles need to be dedicated for the contention-free RACH procedure.



Conclusion 
In this contribution, we discuss details on the PRACH configurations and RACH procedure. We proposed as follows: 
Proposal 1: 
· [bookmark: _GoBack]The time period for SSB to RO synchronization is (integer multiple of) the max of the PRACH configuration and the SSB burst period. Alternatively, the period can be explicitly signalled, e.g. 40ms, 80ms or 160ms.
Proposal 2: 
· The CORESET for RACH procedure can be provided in the RMSI (e.g. RACH configuration). If the configuration of CORESET for RACH procedure is not provided, The CORESET for RMSI reception is used for the RACH procedure.  
Proposal 3: 
· The same CORESET, the PDCCH monitoring occasion, and the monitoring window are used for the reception of RACH Msg2/Msg3 retransmission/Msg4 scheduling. 
Proposal 4: 
· The monitoring occasion for RACH messages are not necessarily associated with the SSB indices. The monitoring occasion is the indicated symbols per slot within the monitoring window.
Proposal 5: 
· Which ROs to use for the RACH procedure by the PDCCH order is indicated via the DCI contents.
· The dedicated preamble index should be included in the DCI.
· In SSB:RO=1:1 mapping case, single dedicated preamble index can be allocated for the contention-based RACH procedure.
· In SSB:RO = M:1 mapping case, at least consecutive M preambles need to be dedicated for the contention-free RACH procedure.

