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Introduction
In last RAN1#89 meeting, a new NR-PRACH (new radio physical random access channel) use case for transmission of beam failure recovery request has been agreed under the MIMO agenda item (AI) for the purpose of beam management [1]. Furthermore, it has been agreed in RAN2#97 meeting that NR-PRACH can be used for transmission of on demand system information (ODSI) request as well [2]. However, on the other hand, RAN1 noticed that there were no related discussions on these newly introduced use cases for NR-PRACH under AI initial access and mobility. Therefore, RAN1 intended to study NR-PRACH designs for new use cases as shown below [1].
Agreements:
· Consider following new use cases for RACH design, 
· beam recovery requests 
· on demand SI requests
· Study the following aspects:
· requirements to satisfy above new use cases
· impact on capacity
· whether additional preamble format(s) is needed
· impact on RACH procedure
Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 

In this contribution, we would like to discuss our view on NR-PRACH for various use cases.
Use cases to NR-PRACHs mapping
Based on the agreements from NR RAN1 and RAN2 meetings, there are generally five use cases for PRACH in NR. That is, conventional use cases including initial access (IA), paging and handover (HO), and new use cases including ODSI request transmission and beam failure recovery (BFR) request transmission. All these use cases for NR-RRACH are summarized in Table 1. Note that the use cases for NR-PRACH are not limited to the items shown in this table, and there might be other new use cases in future. Figure 1 shows the baseline of use cases to NR-PRACHs mapping, where in addition to conventional PRACH, total  new channels orthogonally coexist with conventional PRACH. Note that the new channels may have different name from “PRACH”, but based on their similar functionalities as conventional PRACH, we name them as new PRACH in this paper. Furthermore, the orthogonality between conventional PRACH and new PRACHs means that these channels are located in orthogonal radio resources, including time/frequency/code/space/power domain etc. The length of multiple NR-PRACHs in time domain and bandwidth in frequency domain can be different. Since all the NR-PRACH channels are commonly used by multiple UEs, it might be good to keep same numerology for these PRACHs on a particular carrier frequency including subcarrier spacing and symbol length. On the other hand, in different frequency range, the numerology of these PRACHs can be different. Since there are multiple PRACHs and multiple use cases, we present three possible mappings between use cases and NR-PRACHs as follows. Note that in general, we map the use cases of IA and paging to conventional PRACH as baseline.
Table 1. Use cases for NR-PRACH
	Use cases
	UE RRC Mode
	RA procedure

	
	IDLE
	INACTIVE
	CONNECTED
	Contention-based
	Contention-free

	IA/Paging
	O
	
	
	O
	

	HO
	
	
	O
	
	O

	ODSI request
	O
	O
	
	O
	

	BFR request
	
	
	O
	O (FFS)
	O

	Others
	
	
	
	
	



Proposal 1: Since all the NR-PRACH channels are commonly used by multiple UEs, it might be good to keep same numerology for these PRACHs on a particular carrier frequency including at least subcarrier spacing and symbol length. On the other hand, in different frequency range, the numerology of these PRACHs can be different.

Use cases to NR-PRACHs mapping 1
This mapping is a dynamic and mixed mapping. That is, except for the aforementioned baseline mapping of IA/paging to conventional PRACH, all the other use cases can be freely mapped to multiple PRACHs. Note that multiple use cases can share the same PRACH, or they can have their own PRACH.


Figure 1. Use cases to NR-PRACHs mapping 1

Use cases to NR-PRACHs mapping 2
In this mapping, we classify all the NR-PRACH use cases into two categories. The category 1 includes all the conventional use cases of PRACH, i.e., IA, paging and handover. We map the use cases of category 1 to conventional PRACH. All the remaining new use cases belong to category 2, and the use cases in this category can be mapped to single or multiple new PRACHs. Figure 2 and 3 indicate the mappings. Note that in Figure 3, ODSI request is mapped to new PRACH 1 and BFR request is mapped to new PRACH 2 as an example. If there are more new use cases, they can be mapped to more new PRACHs in a similar way of Figure 2 and 3.


Figure 2. Use cases to NR-PRACHs mapping 2 where new use cases sharing a same new PRACH

Figure 3. Use cases to NR-PRACHs mapping 2 where new use cases using different new PRACHs

Use cases to NR-PRACHs mapping 3
In this mapping, we classify all the PRACH use cases into two categories based on a different principle. Use cases of IA, paging and ODSI request are in category 1 since all these use cases are for IDLE mode or INACTIVE mode UEs and contention-based 4-step RA procedure is necessary for these use cases. In category 2, use cases of HO and BFR request are included since these use cases are for CONNECTED mode UEs and contention-free 2-step RA procedure should be implemented for them. Figure 4 shows this mapping 3. Note that the mapping in Figure 4 is different from PRACH definitions in existing systems, so we name both of these two PRACHs as new PRACH. Furthermore, if more new use cases exist, they can be classified into these two categories also based on the adopted classification principle (i.e., based on UE RRC status). Since contention-based RA procedure for BFR request transmission is for further study (FFS), we do not take this case in to discussion in this paper.

Figure 4. Use cases to NR-PRACHs mapping 3

Associations between channel/signaling and resources of multiple NR-PRACHs
[bookmark: _GoBack]Due to adoption of multi-beam operations in NR, associations between downlink channel/signaling and NR-PRACHs are necessary for performing random access (RA). Based on previous RAN1 agreements and conclusions, an association between synchronization signal (SS) block and resources of NR-PRACH is supported for IDLE mode UEs, and an association between channel state information reference signal (CSI-RS) and resources of NR-PRACH might be supported for CONNECTED mode UEs. In order to reduce UE complexity and the indication burden of downlink channel/signaling to subsets of resources of multiple NR-PRACHs, the NR-PRACH use cases should be well categorized and the use cases to NR-PRACHs mapping should be well studied.

Observation 1: In case of mapping 1 and 2, the association between SS block and resources of multiple NR-PRACHs, and the association between CSI-RS and resources of multiple NR-PRACHs might be complex and inefficient.
Proposal 2: Categorization of NR-PRACH use cases and the use cases to NR-PRACHs mapping should be studied considering not only requirements of use cases but also the associations between SS block/CSI-RS and resources of multiple NR-PRACHs.
Proposal 3: For reducing UE complexity and association indication burden by SS block/CSI-RS, use cases to NR-PRACHs mapping 3 should be supported by NR.
Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1: Since all the NR-PRACH channels are commonly used by multiple UEs, it might be good to keep same numerology for these PRACHs on a particular carrier frequency including at least subcarrier spacing and symbol length. On the other hand, in different frequency range, the numerology of these PRACHs can be different.
Observation 1: In case of mapping 1 and 2, the association between SS block and resources of multiple NR-PRACHs, and the association between CSI-RS and resources of multiple NR-PRACHs might be complex and inefficient.
Proposal 2: Categorization of NR-PRACH use cases and the use cases to NR-PRACHs mapping should be studied considering not only requirements of use cases but also the associations between SS block/CSI-RS and resources of multiple NR-PRACHs.
Proposal 3: For reducing UE complexity and association indication burden by SS block/CSI-RS, use cases to NR-PRACHs mapping 3 should be supported by NR.
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