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1 Introduction
At RAN1#86bis meeting, some agreements on the NR RACH procedures with reference to beam based operation were made [1], in addition to some initial discussions on the RACH resource. In this contribution, we provide our views on the RACH resource, specifically on the RACH preamble and the RACH resource and channel design considerations.
2 Discussion 
Each LTE Cell sends RACH configuration index in SIB2. RACH configuration includes information that determines available RACH time-frequency resources and formats (cyclic prefix and sequence duration). There are also up to 64 RACH preambles per cell that are available to UEs. RACH preambles are ZC-sequences and are orthogonal or have low cross-correlation to one another. The 64 available RACH preambles can be derived from a set of allowed ZC-roots and cyclic shifts which are also determined from SIB2. As such, available LTE RACH configurations and sequences are entirely LTE cell specific. 
In NR, each NR cell includes many TRPs that share the same NR Cell ID. TRPs within a NR Cell are transparent to UEs, that is, UEs are unaware of the identities of their serving TRPs. As such, unlike in LTE, RACH configuration and sequence generation cannot be done at each individual TRP. 

Observation 1: NR RACH configurations and sequences are not TRP-specific.

In NR, UEs are connected to NR Cell and not each individual TRP that belong to the NR Cell. As such, NR RACH configurations and sequences need to be determined and broadcast from NR Cell to all UEs within its coverage area. Therefore,  
Proposal 1: NR RACH design is NR Cell specific.
As NR Cell may include many TRPs, the number of UEs in its coverage area can be much larger than the number of UEs that a typical LTE Cell would serve. This means that there should be a larger pool of available RACH sequences and time-frequency transmission resources to avoid, or at least, to minimize the possibility of RACH transmission collision between two UEs in a NR Cell.  
Proposal 2:  Compared to LTE Cell, more time-frequency resources and NR RACH sequences should be available per NR Cell to reduce the possibility of collision. 
Note that the transmitted NR RACH preamble can be received by multiple TRPs in a NR Cell. If joint reception is possible, preamble detection performance can be substantially improved. Moreover, since NR Cell may cover a large region, two UEs in two different parts of NR Cell may use the same NR RACH sequence in the same time-frequency resources without resulting in a collision. This is possible when the receiving TRP sets of these two NR RACHs are disjoint.  
In LTE, preamble sequences in neighboring cells are differentiated through the use disjoint set of sequence roots. RACH resource configuration of neighboring cells can also be configured such that the collision of PRACH time-frequency resources among neighboring cells is minimized. In NR, similar features should be supported to avoid RACH collision between neighboring NR Cells.
2.1 Multi-beam NR RACH design considerations
In a multi-beam network (e.g. high frequency), RACH may utilize multi-beam preambles to improve detection performance. Multi-beam sweeping may occur at the TRP side and/or the UE side. Two examples are shown in Figure 1 (where multi-beam RACH is referred to as format II): 

· Figure 1, left (UL Tx sweeping): The UE identifies the best TRP Rx beam (e.g. B3 in Figure 1 corresponding to UE Rx wide beam () and sweeps RACH over multiple UL Tx beams during B3 RACH reception interval (shown as blue), which also helps refine UE UL beam. 
· Figure 1, right (UL Rx sweeping): Multi-beam RACH used for high velocity UEs where identified DL Tx beam direction is not reliable and the UE sends multiple RACH over the wide beam ( and the TRP sweeps over different UL Rx beams. 

Note that not all the users need to use multi-beam RACH and some may transmit one wide-beam RACH preamble (referred to as Format I in Figure 1) with shorter subcarrier spacing (compared to multi-beam preambles). LTE RACH preambles may be reused to meet similar requirements in NR.  UEs utilizing wide beam RACH may be frequency multiplexed with UEs sweeping over UL Tx beams and time multiplexed with UEs sweeping over UL Rx beams.
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Figure. 1
PRACH resouce and format for multiple beam sweeping
Proposal 3: NR PRACH is composed of a set of consecutive or inconsecutive RACH resources multiplexed in TDM or FDM manner to support beam sweeping.
3 Conclusion
Observation 1: NR RACH configurations and sequences are not TRP-specific.

Proposal 1: NR RACH design is NR Cell specific.
Proposal 2:  Compared to LTE Cell, more time-frequency resources and NR RACH sequences should be available per NR Cell to reduce the possibility of collision. 
Proposal 3: NR PRACH is composed of a set of consecutive or inconsecutive RACH resources multiplexed in TDM or FDM manner to support beam sweeping.
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