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1. Introduction

Single-beam and multi-beam based approaches including initial access are to be studied according to the following agreements at the RAN1#85 meeting.
Agreements:
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible
In our companion documents [1] and [2], we discuss designs for the synchronization signals/system information delivery and RACH preamble for single-beam and multi-beam based approaches. In this contribution, we focus on RACH procedures considering both single-beam and multi-beam operations. 
2. Basic RACH Procedures 
Considering that single-beam operation would be also supported for NR, the RACH procedure similar to the LTE is expected to be supported, i.e., transmission/reception of RACH preamble, RAR, message 3 and message 4, as shown in Fig. 1. Furthermore, as discussed in the context of multiple access, RACH-less or simplified RACH procedure is worth studying. The motivations for the simplified RACH procedure are described in [3]. The main motivation is to reduce the RACH overhead and delay due to RACH procedure for small packet transmission such as MTC or URLLC services. Figure 2 shows one example of the simplified RACH procedure. In this procedure, the uplink control channel (CCH) carrying ID to identify UE, buffer status report, UL control information, etc. is appended to the RACH preamble. It would be further possible to add data channel for the contention-based UL transmission [3]. Once a gNB detects the RACH and UL CCH, it transmits the RAR containing the UL grant to the UE. For NR, these kinds of simplified RACH procedure should be also studied.
Proposal 1: The RACH procedure involving a transmission/reception of RACH preamble, RAR, message 3 and message 4 is at least supported for NR.

Proposal 2: The simplified RACH procedure including only RACH preamble (and UL control channel/data) and RAR should be further considered.
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Figure 1 – Normal RACH procedure
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Figure 2 – Simplified RACH procedures
3. RACH Procedure for Multi-Beam Operations
In this section, we provide our initial thoughts on RACH procedure for multi-beam operation. We first focus on analog beam-forming and discuss hybrid beam-forming case.

· RACH preamble

As discussed in [2], it is desired to adopt beam-forming to RACH procedure. When digital beam-forming is only assumed, the RACH procedure is the same as the current LTE. On the other hand, for analog beam-forming, since different analog beams can’t be created in the same time interval, different analog beams should be created using different time intervals (analog-beam sweeping). In such a case, multiple RACH preambles need to be reserved in different time intervals as shown in Fig. 3. There may be some options regarding how to transmit RACH preambles. A simple approach is to transmit all of the multiple RACH preambles in multiple time intervals. However, this option may not be good way as the RACH capacity is reduced or total RACH overhead is increased. Also, the UE power consumption would become larger. Another approach is to transmit one RACH preamble in a certain time interval. If the UE knows the best beam index through the downlink beam measurement before RACH procedure, what the UE further needs to know is an appropriate timing when it should transmit the RACH preamble and when the gNB applies the best analog beam-forming to the UE. In order to enable the UE to send the RACH preamble at the best timing, one approach is to associate the time resource for the RACH preamble with the beam index. The UEs would be informed of such an association as a part of RACH configuration. 

· RAR
If there is a relationship between RACH (preamble) resource and beam index, gNB can acknowledge which analog beam pattern is the best for the UE by receiving the corresponding RACH preamble. Hence, the RAR can be also transmitted using the best analog beam-forming. It would be possible to apply the best analog beam-forming and send the RAR whenever the gNB wants to do. In this case, the UE needs to perform RAR detection during a certain time interval as is the case with LTE. Or, if analog-beam patterns are periodically time-varying as shown in Fig. 4, the UE can expect the exact timing when the RAR is transmitted from the gNB. 
· Message3
Similarly, if analog-beam patterns are periodically time-varying, the UE can expect the exact timing when it should start to transmit the Message 3. Or, if gNB wants to trigger the UE to transmit message 3 anytime, the timing information for message 3 should be indicated to the UE, e.g., via the RAR.
· Message4

Similar discussion to RAR can be applied.
For hybrid beam-forming operation (hybrid of digital and analog), multiple digital beams can be applied in each time interval. Again, we assume that the UE knows the best analog beam index through SS and MIB reception and that RACH preamble can be transmitted at the best timing. In addition to analog beam forming, measurement/reporting for digital beam index may be needed to exploit digital beam-forming gain. The simple approach is to associate all the digital beam indices with RACH resources. However, this may increase necessary RACH resources. Another approach is to use all the candidate digital beam indices and find the best one when detecting RACH preamble. For example, in Fig. 4(b), two digital beams are attempted when detecting the RACH preamble. Then, the resultant best digital beam index would be utilized throughout the subsequent RACH procedure. Compared to the full analog beam-forming, only the difference is the detection scheme of RACH preamble at the gNB.
Proposal 3: Association between RACH resource and beam index should be considered to support efficient multi-beam operation for RACH procedure.
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Figure 3 –Analog beam-forming
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(a) RACH procedure for analog beam-forming operation

[image: image5]
(b) RACH procedure for hybrid beam-forming operation
Figure 4 –RACH procedures when multi-beam forming is applied.
4. Conclusion
In this contribution, we provided our initial views on RACH procedures for NR considering both single-beam and multi-beam operation. For normal operation (or single-beam operation), in addition to the RACH procedure similar to LTE, the simplified RACH procedure should be further studied. For multi-beam operations, it would be beneficial for the UE to transmit the RACH at the best timing at which the most amicable beam is applied at gNB. In order to enable this, association between beam index and RACH resource can be considered.
Proposal 1: The RACH procedure involving a transmission/reception of RACH preamble, RAR, message 3 and message 4 is at least supported for NR.

Proposal 2: The simplified RACH procedure including only RACH preamble (and UL control channel/data) and RAR should be further considered.
Proposal 3: Association between RACH resource and beam index should be considered to support efficient multi-beam operation for RACH procedure.
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