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Introduction
[bookmark: _Ref465847748]The random access procedure is described in [1] and an NR preamble design is proposed in [2]. This contribution the number of constructed PRACH preambles is discussed in the current paper
In RAN1#86bis the following agreement was made:
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 
· RACH preamble format with shorter preamble length
· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported
· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels	
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’


[bookmark: _Ref178064866]Discussion
[bookmark: _Ref465847823]Number of PRACH preambles
An illustration of PRACH resources configured in PBCH is given in Figure 1. Several SS blocks, each containing one NR-PSS, one NR-SSS and one PBCH, are illustrated. Preferably these SS blocks are transmitted in different beams from the gNB. Each PBCH contains a MIB, where these MIBs are numbered as MIB1, MIB2, etc. 
In the example in Figure 1, both MIB1 and MIB2 configures PRACH resources in the same frequency interval. Here MIB1 and MIB2 can indicate different set of sequences. A second frequency interval is configured in MIB3. A fourth PBCH contains a MIB4 which is allocated to another time interval as compared to MIB1, MIB2 and MIB3.

[bookmark: _Ref465253151]Figure 1. Relation between synchronization signals (NR-PSS and NR-SSS), PBCH (with MIB) and PRACH resources, with one timing and frequency PRACH resource in each PBCH
A PRACH preamble index can then identified by a combinations of the following parameters:
· Sequence 
· e.g. root sequence between 1 to 70 for a Zadoff-Chu sequence with 71 sub-carriers
· e.g. cyclic shifts of the root sequence. This cyclic shift should be larger than maximum RTT (Round Trip Time) in the cell where the gNB is active. 
· Frequency resource: Subband index describing the location of the PRACH signal
· e.g. 0 to 7
· Subframe: Timing offsets indicating future subframe for PRACH preamble 
· e.g. with 2 different possible sub-frames
With the above examples, the total number of PRACH preambles equals 71*8*2 = 1132. This is significantly larger than the 838 PRACH root sequences in LTE. 

[bookmark: _Toc465838402][bookmark: _Toc465848636][bookmark: _Toc465865374][bookmark: _Toc465865804][bookmark: _Toc466007828][bookmark: _Toc466007979][bookmark: _Toc466008288]One random access preamble is identified with frequency interval, timing interval and sequence

An illustration of PRACH configurations of two gNBs is given in  Figure 2. Here, the two gNBs are using non-overlapping time/frequency resources. The resources not used for PRACH might be used for other uplink transmissions to the given gNB. In other words, at each gNB, only the resources used by random access for that gNB need to be excluded from other UL grants. If the two gNBs are close, then the PUSCH transmissions from one UE close to one gNB will introduce interference in the reception of PRACH preambles in the other gNB. However, it will most likely not generate a PRACH detection since the PUSCH has low correlation with PRACH preambles. 


[bookmark: _Ref465254132]Figure 2 Relation between synchronization signals (NR-PSS and NR-SSS), MIB and PRACH resources, in two gNBs 

Each UE is assumed to decode at least one PBCH which contains a set of PRACH preambles from which the UE selects one to be transmitted. One such configuration can be one time and frequency resource and a set of PRACH preamble sequences. 


[bookmark: _Ref465865710]Figure 3. Relation between synchronization signals (NR-PSS and NR-SSS), MIB and PRACH resources, with several timing and frequency PRACH resources in each PBCH

Alternatively, a smaller set of sequences are allocated and instead several time or frequency resources, see illustration in Figure 3. Thus, a configuration indicates several time and frequency resources, with fewer base sequences in each resource as compared to allocations with one time and frequency resource. Here, a configuration with several time resources is beneficial for example in unlicensed spectrum when the UE do an LBT (Listen Before Talk) before transmitting PRACH preamble. If the LBT fails in one such time allocation, then the UE can try another time allocation. 

[bookmark: _Toc465848637][bookmark: _Toc465865375][bookmark: _Toc465865805][bookmark: _Toc466007829][bookmark: _Toc466007980][bookmark: _Toc466008289]A UE is configured with a set of random access preambles which are identified with one or several frequency intervals, timing intervals and sequences


Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	One random access preamble is identified with frequency interval, timing interval and sequence
Proposal 2	A UE is configured with a set of random access preambles which are identified with one or several frequency intervals, timing intervals and sequences
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