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Introduction
In this paper we discuss our view of the modelling of the Random Access in MAC and in physical layer. We also touch upon the RRC configuration needed for the procedure. This paper focuses especially on how the UE selects the correct sequence and random access occasion and on the Random Access Response (RAR).
Random access procedure in MAC
The random access procedure starts with a preamble transmission followed by random access response (RAR). The required configuration for msg1 transmission is obtained either from the system information (for e.g. initial access or system information request) or from dedicated signalling (for e.g. hand-over or positioning).
Similar to LTE, the RRC configuration will need to provide the UE with necessary L1 and L2 parameters, especially
· Root Zadoff-Chu sequence and available cyclic shifts 
· Time (frame, slot and timing within the slot) and frequency resource (i.e. PRB)
· Mapping from the msg3 size to a set of sequences (group A and group B)
· Mapping from the dedicated use case (hand-over, SI request, beam recovery, positioning, …) to a particular sequence
In LTE, these parameters are provided per cell. Due to potential beam sweeping, the random access parameters will need to be provided per (downlink) beam. The beams are distinguished by different SS-blocks, and the simplest way to provide necessary random access parameters is to provide a full set of parameters for each SSB, as illustrated in Figure 1 for two use cases, initial access and handover.
For initial access, the network provides a UE with a configuration for n beams, each with its own PRB (possibly shifted in time) and identical Zadoff-Chu sequences with 16 sequences reserved for both group A and group B in all beams.
For handover, the network provides another UE with the same common configuration as for initial access for same n beams. However, in this case the network also provides a dedicated random access opportunity using a dedicated PRB and a dedicated sequence. 
[image: ]
[bookmark: _Ref494351365]Figure 1 Example of Random access configurations.
Preambles as seen in MAC
The exact definition and configuration of preambles is under discussion in RAN1. In principle, as seen above, different random accesses can be separated by 
1.	the root index and available cyclic shifts of a Zadoff-Chu sequence
2.	time of the random access occasion
3.	frequency of the random access occasion 
On a high level, this means that a specific preamble can be defined by its sequence (cyclic shift and root index), time (symbols within slot and/or slot) and frequency. Note that this is different from LTE, where the preamble can be defined simply by the sequence.
[bookmark: _Hlk494402196]It is possible to define a preamble ID for each individual configuration of (1)-(3). From a MAC perspective, if the mapping from preamble id to sequence, time and frequency is handled by lower layers, the list of preamble IDs is sufficient and the physical layer details need not be visible to MAC. It should be noted that, as in LTE, the preamble group configuration is only visible in MAC. Hence, the term preamble can be defined in MAC to be equivalent to the preamble ID.
[bookmark: _Toc494205137][bookmark: _Toc494273858][bookmark: _Toc494391007]Preamble is in MAC equivalent to preamble ID. The mapping from preamble ID to sequence, time and frequency is handled by lower layers and need not be visible to MAC.
Preamble mappings
It has previously been agreed that the preamble will indicate or be used for
-	Contention based random access with request for MSG3 size less than a defined threshold 
-	Contention based random access with request for MSG3 size larger than a defined threshold 
-	Contention free for beam recovery request
-	Contention free for SI request 
-	Contention free for handover
-	Contention free for uplink based positioning
For the MAC layer, this means that a mapping needs to be configured that maps every preamble ID to one of the above categories. 
As agreed in RAN1#88, the UE is also able to indicate SS block index of the best SS block (i.e. indicating the best DL beam from the gNB) with PRACH resources and/or preambles. Since the Random Access procedure is never used only to indicate the best SSB, any association to an SSB is also coupled to another association, i.e. one of the categories above. This implies that the preamble mappings to categories must be done for each SSB. With an equal number of preambles associated with each SS-block in an SS-burst set, then the maximum number of preambles in each cell, denoted by , can be written as  where  is the maximum number of SS-blocks and  is the number of preambles associated to each SS-block. As the number of SSBs can be up to 64 in wide SCS, the total number of preambles per cell will in many cases be larger than the 64 in LTE.
An illustration for two SSBs is shown in in Figure 2. Here the 3 first preambles are configured for preambleGroupA and SSB 1, the 4th and 5th are assigned to indicate preambleGroupB and SSB 1. Preamble 6 and 7 are in the same way configured to indicate SI requests and and SSB 1. Finally, the 8th and 9th preamble are reserved for dedicated preambles and SSB1. For SSB2, the corresponding configuration is done and can be deduced from the configuration of preamble 1 to preamble 9 and the knowledge that there are two SSBs.
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[bookmark: _Ref493680426]Figure 2 Example of preamble allocation for two SS blocks
[bookmark: _Toc494356369][bookmark: _Toc494356370][bookmark: _Toc494391011]Random access preamble set is allocated per SSB
[bookmark: _Toc494183897]During the random access procedure, the UE will randomly select a preamble ID (if contention based) or select a preamble ID which is mapped to the category of the Random Access and SSB. 
Implications for RAR
The introduction of more detailed preamble mappings than in LTE and the resulting increase of preambles per cell will have implications on the RAR. 
An important task of the RAR is to acknowledge the UE of a detected preamble. In LTE, this is done with a 6 bit RAPID in the MAC sub header containing the preamble id combined with the RA-RNTI, which identifies the time and frequency where the preamble was detected. The same principle can be used in NR, but taking the increased number of preambles into account. In [1] we propose a new RA-RNTI formula which incorporates the increased number of slots and the SSB index. The new formula is given by
RA-RNTI = 1 + t_id +X*SSB_index + X*64 * f_id
Where t_id is the slot index in the radio frame when the NR-RACH preamble was detected by gNB, X is the total number of slots in a radio frame (there are 80 slots in a radio frame when SCS is 120 kHz), SSB_index is the index indicated by the preamble. i.e. the selected beam by the UE (maximum 64 in case of frequency range above 6GHz) and f_id is the index of the specified PRACH within that slot. The RA-RNTI generation is discussed in detail in [1].
The new formula will make it possible to reuse the 6-bit RAPID format if the number of preambles per SSB is limited to 64. With this new RA-RNTI formula, the SSB is identified using the RA-RNTI. The RAPID will identify the preamble ID within this SSB. Such scheme can simplify subheader design for RAR message as discussed in the companion paper [2].
Conclusion
In section 2 we made the following observations:
Observation 1	Preamble is in MAC equivalent to preamble ID. The mapping from preamble ID to sequence, time and frequency is handled by lower layers and need not be visible to MAC.

[bookmark: _GoBack]Based on the discussion in section 2 we propose the following:
Proposal 1	Random access preamble set is allocated per SSB
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