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Introduction
The NR system shall support a 4-step RA procedure similarly to LTE. In contrast to LTE however, NR initial access procedures including cell search and random access may support both single- and multi-beam operation. Several details of the NR RA procedure were agreed at the RAN1 #86bis and #87 meetings primarily focusing on multi-beam operation.  A summary of these agreements is given below:
· Regardless of whether TX/RX reciprocity is available or not at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: TX beam selection for RACH preamble transmission
· At gNB, the DL TX beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· UE TX beam(s) for preamble transmission(s) is selected by the UE.
· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE TX beam.
· NR supports the following procedure(s) for msg1 re-transmission
· Down selection or combination of power ramping, UE beam switching, and RACH resource switching
· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE TX beams, number of RACH resources
· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams
· Other options for all frequency ranges are not precluded.

This contribution addresses several outstanding issues in the RA procedure. Section 2 discusses a unified single- and multi-beam procedure including beam selection, UE behavior in case of preamble retransmissions, and load balancing of PRACH resource allocation across multiple beams. In Section 3 we consider UL waveform selection for the RA procedure, while Section 4 concludes with some proposals for due consideration.

Unified RA Procedure
The cell search and initial RA procedures in Idle State may be different between single and multi-beam operation. For multi-beam operation, at least above 6 GHz, it has been proposed to transmit cell discovery signals – including NR-SS and NR-PBCH – on each beam from one or more TRPs. There may be an association between the SI received on a beam and a subset of RACH resources which the UE may use for a RA attempt. 
Alternatively, a set of TRPs may jointly transmit the cell discovery signals for robust reception in moderate to high mobility scenarios where narrow beams could cause instability in the cell search process. For this scenario, SI may be delivered in a cell specific manner but it is still possible to configure beam-specific PRACH configurations. For instance, a UE initially camps on a cell based on cell specific discovery signals. Subsequently, the UE measures and selects an optimal TRP/beam based on e.g. a TRP-/beam-specific reference signal only when it decides to establish an RRC connection to the network. One motivation for this approach is that there may be an indeterminate delay between when a UE camps on a cell and when it attempts a random access. Thus, this approach may avoid energy-intensive beam management procedures, including beam tracking, in the Idle State. More details of this approach are described in another contribution [1].
Regardless of how a UE detects/selects the optimal DL beam, the UE randomly selects a preamble from a set of preambles received in SI and transmits on a RACH time-frequency resource. A beam-specific PRACH configuration may consist of a subset of PRACH resources and/or a subset of preambles. What is desirable is that the gNB can uniquely identify the selected DL TX beam when it detects a PRACH transmission.
In the rest of this contribution we will define a RACH occasion as a time duration during which one or more preambles may be transmitted. Two RA channelization configurations are possible, namely, (1) a CP, one or more identical preambles and a guard time (GT), and (2) multiple time durations each consisting of a CP, preamble and GT. For either case, a single random access response is transmitted in response to a detected PRACH in the RACH occasion. The UE behavior during the RA procedure is partly dependent on the level of beam reciprocity/correspondence for a multi-beam operation. Different beam reciprocity states at both UE and TRP may foster different UE behaviors for the RA procedure as described in e.g. [2]. In summary, 
1) If there is no beam correspondence at the UE side, the UE randomly selects an UL beam for PRACH transmission. Even with Rx beam sweeping at the gNB there is no guarantee of TX-RX beam alignment on the PRACH depending on the beamwidth. Secondly, the DL path loss measurement is an incorrect reference for setting the PRACH TX power.
2)  If there is no beam correspondence at the TRP side, the gNB may configure a PRACH occasion consisting of multiple preambles. Given the agreement that a UE maintains the same TX beam during a RACH occasion, the TRP may sweep RX beams during this RACH occasion to determine the optimal RX beam.

In LTE, a UE declares a PRACH transmission failure if it does not detect a RAR within a specified RAR window. This may be due to either a preamble collision or insufficient UL transmission power. Hence, the UE may ramp up its transmission power and re-transmit the preamble after a random backoff time. In addition to these possible failure events, NR admits another Msg1 failure event caused by TX-RX beam misalignment between a UE and the receiving gNB/TRP. For such a scenario there is no need to ramp up power causing further UL interference to neighboring cells. Rather, TX beam switching should be prioritized for subsequent RA attempts.

On the other hand, if there is RX/TX beam correspondence at the UE, a preamble failure may be due to either a collision or insufficient UL power, and, similarly to LTE, the UE can initiate a backoff time period and then perform power ramping.

It should be noted that a UE may autonomously perform TX/RX calibration to ensure reduced latency in (re)establishing an RRC connection using the RA procedure. This should be up to individual UE implementations. Therefore, there is no need to specify a priority order of beam switching and power ramping.

Proposal 1: determination of priority between beam switching and power ramping for multi-beam operation could be left to UE implementation. 

RAR reception
In LTE the UE monitors for a PDCCH scheduling a RAR, where the CRC of the DCI is scrambled by an RA-RNTI. The RA-RNTI is a function of the first subframe index containing the PRACH (t_id) and the PRACH frequency subband (f_id). For LTE non-BL/CE UEs, the RA-RNTI is given by

RA-RNTI= 1 + t_id + 10*f_id
  
In NR as long as there is a one-to-one association between a PRACH opportunity and a DL TX beam, the same concept can be reused. It is up to the network to ensure unambiguous association between DL beams and PRACH configurations. 

Proposal 2: indication of the RAR corresponding to a transmitted PRACH is a function of the time and frequency location of the PRACH. 

If the PRACH configurations for different DL beams are mapped to different time-frequency resources, it may be possible for a UE to initiate multiple RA attempts if there is no TX/RX beam correspondence at the UE. This could reduce the latency incurred if the UE TX beam is misaligned with the TRP’s RX beam. This implies that the UE has to monitor separate, possibly overlapping, RAR windows. Such a scenario can be discussed in RAN2.


Further consideration on PRACH configuration
A RACH opportunity may be defined as a combination of a time-frequency resource and a preamble. In LTE, the PRACH capacity is defined by the RACH opportunities within a radio frame. 64 preambles are assigned to one RACH (time-frequency) resource out of which some may be reserved for non-contention-based RA, while the rest may optionally be further partitioned to support an implicit indication by the UE of the required RA Msg3 size. We believe similar design concepts would be supported for NR albeit in a beam-specific manner. 
Although it was agreed that an association between one or multiple occasions of the DL broadcast channel/signal and a subset of RACH resources is made known to a UE by SI it is not clear how the entire RACH and PRACH configuration is signaled. 

For beam-specific SI delivery, it is straightforward to insert the RACH/PRACH configurations in this SI. When SI is delivered in a cell-specific fashion or, more generally, it is not associated with one or more DL beams, different solutions are possible. For example, cell-specific PRACH and RACH configurations may be signaled by RRC. It should then be specified how a UE partitions this configuration into multiple sets corresponding to the indicated number of DL beams. It was observed in [3] that due to a non-uniform angular distribution of UEs in a serving area, the DL beam selection probability is not equal. This may lead to a greater PRACH collision probability when there is TX/RX beam correspondence at the TRP. One proposal in [3] is to configure a different amount of RACH resources across DL TX beams. This implies that the network has prior information on UE angular distribution across beams before provisioning RACH resources, or that based on RA statistics, the network decides to re-distribute RACH resources. In any case, this does not seem any different from LTE, where some cells may be more heavily loaded than others and would require a different number of PRACH opportunities per radio frame.
 
Observation: a load imbalance across beam-specific RACH resources can be handled by appropriate network RACH provisioning. 

Selection of UL waveform for the RA procedure
During the discussion on the UL waveform at the RAN1 #86bis meeting, the following agreement was reached,

· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs
· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.
· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations
 
As the network has no knowledge of an Idle State UE before it attempts to establish an RRC connection, the UL waveform during the RACH procedure should be pre-determined by specification or provided as part of SI per the RAN1 agreement. To support UEs with sufficient power headroom and UEs that are power limited, one solution is to configure waveform-specific PRACH configurations. Alternatively, one solution that simplifies specification would be to support DFT-S-OFDM for all scenarios and not only for link-budget limited scenarios. In contrast to Msg1, RA Msg3 is the first scheduled UL-SCH transmission and it should be determined whether a switch to CP-OFDM for UEs that are UL power limited, is indicated during or after the RA procedure. Such a switch can be signaled in the RAR. 
Note that a RRC_ACTIVE UE configured for CP-OFDM on PUSCH may still perform a contention-based or non-contention-based RA procedure. If RA is initiated by the network (non-contention-based), the UL waveform is already known to both UE and network so it is straightforward to continue with this waveform at least for RA Msg3 and beyond. On the other hand, if it is contention-based and the PRACH resources are not waveform-specific, the network either indicates the UL waveform in Msg2 or the UE applies a specified waveform for the entire RA procedure. 
Proposal 3: The UL waveform for RACH procedure should either be pre-determined or signaled in system information.
Proposal 4: If DFT-S-OFDM is supported as baseline waveform for preamble transmission, consider configuration of CP-OFDM or DFT-S-OFDM at least for PUSCH as early as RA Msg3. 

Conclusion
This contribution discussed several open issues for the NR 4-step RA procedure. UL waveform selection for RA Msg1 and Msg3 was also addressed. Our proposals are summarized as follows:
1) Proposal 1: Determination of priority between beam switching and power ramping for multi-beam operation could be left to UE implementation 
2) Proposal 2: Indication of the RAR corresponding to a transmitted PRACH is a function of the time and frequency location of the PRACH.
3) Observation: a load imbalance across beam-specific RACH resources can be handled by appropriate network RACH provisioning.
4) Proposal 3: The UL waveform for RACH procedure should either be pre-determined or signaled in system information.
5) Proposal 4: If DFT-S-OFDM is supported as baseline waveform for preamble transmission, consider configuration of CP-OFDM or DFT-S-OFDM at least for PUSCH as early as RA Msg3. 
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