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Introduction
Initial access and associated RACH procedures for NR are being discussed in RAN1. Regarding the RACH procedure it was agreed at the RAN1 #86bis meeting that: 
· 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
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g., 
· RAR
The NR system would be deployed in diverse scenarios including low frequency (sub-6GHz) and high frequency (above 6GHz) operation, and sparse/dense TRP deployments. In a separate contribution [1] we discuss applicable scenarios and design considerations for a simplified RACH procedure.
RACH Procedure in Beamforming Deployment Scenarios
When NR is deployed in high frequency bands (e.g. above 6GHz), a TRP may transmit on narrower focused beams to compensate for the significant path loss, oxygen absorption and blocking effects that are characteristic of such frequency bands. Depending on the array architecture, the TRP may transmit on multiple beams or a single beam to simultaneously provide coverage and beamforming. 

For initial access, the synchronization signals (NR-PSS/NR-SSS) and broadcast channel (NR-PBCH) may be transmitted in a beam-specific fashion. As agreed for consideration, a subset of RACH resources may be configured to associate with one or more occasions of the broadcast channels/signals either in the SI or known to the UE. For a one-to-one association of PRACH resources and beamformed NR-PSS/NR-SSS/NR-PBCH, detection of the RACH preamble at the TRP implicitly indicates the preferred Tx beam. Transmission of the RAR to the UE is based on the indicated DL Tx beam. Furthermore, the gNB may signal the preferred UL Tx beam in the RAR. Msg3 transmission will correspond to the preferred PRACH Tx beam.

There are some limitations of this approach. Multi-beam transmission effectively creates a fine partition of multiple cell portions within the same cell area. The UE may fall between two beams, which at best limits the transmit beamforming gain during the cell search procedure or in an extreme case may create a partial coverage hole. Therefore, some beam refinement may be needed at a later stage. Secondly, when mobility is taken into account, multi-beam transmission of NR-PSS/NR-SSS/NR-PBCH needs to be carefully considered as the UE traverses through cell portions within the beam sweeping window. A different approach is to employ some cell-specific mechanisms for robust performance as described in the next section. 

RACH Procedure in Dense TRP Deployment Scenarios
An example of a typical NR deployment scenario is depicted in Figure 1. In this generalized deployment scenario a gNB controls multiple TRPs within a physical cell area. Each TRP may transmit on one or multiple beams creating a very fine partitioning of virtual cells. 



Figure 1 Example of NR deployment with a gNB controlling multiple TRPs

Regarding initial access we have the following observations:

Observations:
1. Some essential SI is common across at least a subset of TRPs in the cell area.
2. Providing an SFN-type transmission of broadcast and synchronization signals improves coverage particularly in mobility scenarios.
3. As described in [2], an Idle Mode UE may not need to perform DL measurements at beam-specific granularity or even at TRP-specific granularity until it attempts to establish an RRC connection.

Given these observations, the PSS/SSS and NR-PBCH may be transmitted in a cell-specific or SFN manner for reliable coverage. In particular the NR-PBCH only conveys the minimum SI needed for camping on a cell (Idle Mode). In contrast the RACH configuration may be cell specific, TRP-specific or beam-specific. 

Proposal 1:  Cell discovery signals including NR-PSS/NR-SSS and NR-PBCH may be cell-specifically configured and transmitted in an SFN manner across a set of TRPs.

Scenario 1
In this scenario, essential SI including the RACH configuration may be provided in an SFN transmission. The RACH configuration may be provided per TRP within the SI. In addition, the UE is provided with a TRP-specific RS for acquiring the TRP-specific channel including performing measurements on the TRP. After selecting a TRP the entire RACH procedure is performed with the preferred TRP. An illustration of the procedure is shown in Figure 2.
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Figure 2 NR RA Procedure with SFN-delivery of TRP-specific SI

Scenario 2
Rather than transmit SI in an SFN manner, it is also possible to provide minimum information in the SFN-transmitted NR-PBCH on the set of TRPs that may be used for establishing an RRC connection. Such information should at least include a RS for demodulation and measurement. The UE acquires TRP-specific SI, including RACH configuration based on the TRP-specific RS as shown in Figure 3.
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Figure 3 NR RA Procedure with TRP-specific delivery of SI

Note that this TRP-specific approach can be generalized to beam-centric RACH procedure similar to the beamforming-based deployment scenario in the previous section. The main difference is that here beam sweeping is not applied to transmission of cell discovery signals – PSS/SSS and NR-PBCH.

Based on these applicable scenarios we propose that:

Proposal 2: For RRC connection establishment consider different mechanisms through which a UE acquires the RACH configuration

Support of CP-OFDM and DFT-S-OFDM in NR
During discussion on 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. Alternatively the network may indicate the UL waveform for RACH in system information received during initial access. 

Proposal 3: the UL waveform for RACH procedure should either be pre-determined or signaled in system information.

Conclusion
This contribution has considered applicable RACH procedure in for several NR deployment scenarios. In summary we propose that:
1) Cell discovery signals including PSS/SSS and NR-PBCH may be cell-specifically configured and transmitted in an SFN manner across a set of TRPs.
2) For RRC connection establishment consider different mechanisms through which a UE acquires the RACH configuration
3) The UL waveform for RACH procedure should either be pre-determined or signaled in system information
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