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Introduction
Random access procedure is used for e.g. initial system access, transition from idle to active mode, and handovers. It is a critical part of an efficient cellular network design. 
The random access solution for NR should reuse the main principles of the LTE design, but since a wider range of deployment scenarios is expected, as well as increased requirements on lean design, some changes to the legacy procedures are necessary. In particular, PRACH transmission principles need refinement. 
In RAN1#86bis, the following agreement was made:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

Below we discuss the requirements and high-level principles for random access procedure and its implications on PRACH transmission. Physical design of the PRACH preamble is described in [1] and Random Access Response (RAR) design is described in [2].
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Relation between beamformed SS block and random access configuration
If the gNB can identify which SS block (NR-PSS, NR-SSS and PBCH) beamforming that was best for the UE, then the same beamforming can be used for transmitting RAR and subsequent DL transmissions. This is especially useful when the RAR beamforming cannot be based on reciprocity from PRACH reception. For example, FDD and scenarios with high interference levels should be further investigated regarding reciprocity. With beamformed SS block and an association between best received SS block and PRACH preamble or resource, the gNB receiving the PRACH preamble is informed about best received SS block at the UE.
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An association between SS block and PRACH resources is illustrated in Figure 1. Here, a fixed timing is defined between each beamformed SS block and a PRACH resource. A Master Information Block (MIB), which can be transmitted on a Physical Broadcast Channel (PBCH), is also inserted in each SS block. This MIB can alternatively be transmitted in the same OFDM symbol as NR-PSS or NR-SSS, but on different sub-carriers. In the reception of PRACH, the gNB can use the same beamforming as used when transmitting SS block. With analog beamforming in the receiver of the gNB, one beamforming can be evaluated for each PRACH resource. 
The overhead in number of PRACH resources, and the overhead in unused time intervals between SS block transmissions might be large as illustrated in Figure 1. In this illustration, three OFDM symbols are used for each SS block, and a PRACH preamble resource of seven OFDM symbols (0.5 ms). With a fixed timing of 2 ms from beginning of the SS block to the PRACH resource, at most four SS block can be transmitted before the PRACH resources, which implies a limitation of the number of beams in a TDD system. Also, there will be many OFDM symbols between the SS blocks. With longer PRACH resources, such as 1 or 2 ms as in LTE, the number of beams will be further limited. In order to have the keep the same link budget as in LTE, the PRACH preamble allocation in NR might be at least 14 OFDM symbols.
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A PRACH resource is defined which is common for several SS blocks in Figure 2. This flexible timing indication of the PRACH resource has lower resource overhead compared to using a fixed timing, as in Figure 1. With four different SS blocks transmitted with different beamformings as in Figure 1, an equal number of four PRACH resources are needed. This in contrast to Figure 2, where only two PRACH resources are needed, for the same amount of SS block beamforming candidates. 
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The timing from SS block to the PRACH resource can be indicated in the MIB. Alternatively, different NR-PSS and NR-PSS are used for different timings such that the detected sequence within NR-PSS and NR-SSS gives the PRACH resource. This PRACH configuration might be specified as a timing relative to the SS block, and can be given as a combination of the payload in the MIB and another broadcasted system information. 
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An indication of which SS block that was best received in the UE can potentially be included by defining an association between SS block and PRACH preambles. For example, each MIB can indicate a set of PRACH preambles such that the UE then randomly select one PRACH preamble out of this set. This set can be defined as a combination of the MIB and other broadcasted system information which is received prior to decoding this MIB.
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Typically, the cell ID is indicated with the SS block. The same NR-PSS and NR-SSS can be used in all beams within the approach as illustrated in Figure 2, if the indication of PRACH resource is done within the MIB in the PBCH. Here the payload in the different PBCH, and thus also the MIBs will thus differ between the beams. The UE does not have to know the number of beams used by the gNB. Instead the UE transmits a PRACH after detecting NR-PSS and NR-SSS and after successful decoding of the MIB. Here a CRC (Cyclic Redundancy Check) is thus needed in the PBCH. The indication of the beam is then not done explicitly in the PBCH but only implicitly in the configuration of the PRACH. 
This dynamic indication of PRACH resources enables possibilities for DTX of the gNB. Also, the time interval needed for monitoring of SS block in the UE is short within this approach. 
An evaluation of several beamforming candidates might be beneficial when detecting the PRACH preamble. A PRACH format which enables switching between different analog beamforming candidates during PRACH preamble reception is discussed in [1].
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	An association between SS block and PRACH preambles should be supported.
Proposal 2	Timing between SS block and PRACH resource is indicated in the MIB within NR-PBCH
Proposal 3	Indication of best SS block is indicated from UE to gNB by PRACH preamble selection in UE
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