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1 Introduction
During the NR Study Item timeframe, both RAN1 and RAN2 discussed a simplified (a.k.a. 2-step) random access procedure, where Msg1 may carry the information originally carried in Msg3 of 4-step RACH [1], [2]. During RAN2#96 meeting [3], RAN2 discussed an expected benefit in latency for the 2-step RACH procedure. RAN2 also identified Msg3 sizes and associated UE identity (ID) sizes for applicable scenarios in LTE system [4], as a starting point for NR. Below is a list of relevant agreements from past RAN1 and RAN2 meetings: 
Agreements from RAN1#86bis [1]:

· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs

· RAN1 has discussed the following: 

· The use of a UE identity in Msg 1

· Msg 2: RA response that is addressed to the UE identity in Msg 1

· FFS on the definition and choice of the UE identity

· FFS on the applicability scenarios of simplified RACH procedure 

Agreements from RAN2#96 [3]:
If 2 step RACH is supported:

1. The 2-step RACH resources are optionally configurable by the NW 

a. FFS whether it can be configured by broadcast and/or by dedicated signalling.

2. NW can configure/restrict the usage of the 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc.) (FFS for which cases for which it is possible to configure/restrict the usage)

3. RAN2 expects a benefit in latency for the 2 step RACH procedure

4. From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.
Conclusions from RAN1 NR Ad-Hoc [5]:
· RAN1 point of view, further study is needed for 2-step RACH
· RAN1 has no plan to spend 2-step RACH in Rel-14 SI timeframe
In this contribution, we discuss applicable scenarios and physical channel structure for 2-step RACH. This document is updated from R1-1700880.
2 Scenarios for 2-step RACH

In NR, contention-based 2-step RACH (hereafter, referred to 2-step RACH) can be considered to reduce RACH related signalling overhead and latency, especially for small data transmission and/or for operation in unlicensed band.
In 2-step RACH, Msg1 should include at least a UE identity (ID) and some RRC messages, and a payload size may be up to e.g. 100~150bits [4]. Thus, embedding the Msg1 data in a RACH preamble is not suitable to accommodate the expected data size, and the Msg1 data and the RACH preamble may need to be transmitted on separate resources. Demodulation performance of physical random access channel carrying data (PRACH-D) is significantly impacted by a received signal timing offset, unless a long cyclic prefix (CP) is appended in an OFDM (or DFT-S-OFDM) symbol of PRACH-D. Figure 1 shows the BLER performance of PRACH-D, assuming perfect detection of preamble (including timing offset) and CP length of 4.7us (same as NR-PUSCH) – further details on simulation parameters found in Table 1 of Appendix A. Note that the timing offset of 13.3us approximately corresponding to a round trip delay for 2km cell radius results in ~1.5dB SNR degradation at 1% BLER.
Observation 1: Demodulation performance of PRACH-D is significantly impacted by a received signal timing offset, unless a long CP is appended.
2-step RACH may be more suitable for small cells, e.g. up to 2km cell radius, or for UEs close to a cell site, as a larger distance between a UE and a TRP would increase a potential timing offset at a receiver dependent on a round-trip propagation delay. 
Hence, 2-step RACH may need to be selectively configured for a cell, and a network may indicate whether a given cell is configured to support 2-step RACH or not. Furthermore, UE may select one of RACH procedures (i.e. 2-step or 4-step) based on a path loss estimate or a RSRP measurement. The network can indicate an RSRP threshold value used for UE’s selection of a RACH procedure. For RRC connected UEs which cannot support 2-step RACH potentially due to a larger distance from the cell site, the network may configure scheduling request (SR) resources so that they can avoid lengthy 4-step RACH procedure for SR and can perform low-latency uplink transmission.  

Proposal 1: In 2-step RACH, Msg1 data and a RACH preamble are transmitted on separate resources.
Proposal 2: Consider UE’s selection of RACH procedures (i.e. 2-step or 4-step) based on a radio condition, e.g. RSRP.
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Figure 1 BLER performance of PRACH-D for various timing offset, assuming perfect detection of preamble and timing offset and ideal channel estimation
3 Physical channel design for 2-step RACH
Since we consider separate transmissions (i.e. on separate resources) of Msg1 data and a RACH preamble as shown in Figure 2 (a), a common time/frequency radio resource for physical random access channel carrying preamble (PRACH-P) can be configured for 2-step and 4-step RACH. Preamble partition between 2-step and 4-step RACH allows UE to implicitly indicate to the network which RACH procedure is selected. The network may semi-statically change the number of preambles assigned for 2-step RACH and 4-step RACH, based on RSRP measurement reports received from UEs in the RRC connected state (or RRC inactive state) and/or preamble collision rate in each preamble set. 

For PRACH carrying data (PRACH-D), a set of time-frequency radio resources can be configured, and each resource can be associated with a given PRACH preamble sequence. For 2-step RACH, UE transmits a PRACH preamble and PRACH-D on a resource associated with the transmitted preamble. If the network employs an advanced receiver such as parallel or successive interference cancellation, two or more PRACH preambles can be associated with one PRACH-D time-frequency radio resource.
Once the network detects a particular preamble and acquires timing and frequency information of the UE transmitting the detected preamble, it can perform demodulation and decoding of a corresponding PRACH-D. If a CP length of PRACH-D is set to be same as the CP length of PUSCH for a given subcarrier spacing, the gNB receiver may compensate frequency offset and apply FFT based on the acquired frequency and timing information. While the CP overhead does not increase in PRACH-D, the receiver may have to perform multiple FFT operations with different receive timings for multiple detected preambles. If the number of subcarriers allocated to each PRACH-D resource is small, e.g. 12 subcarriers, FFT complexity can be reduced, e.g. from FFT size of 1024 to FFT size of 16, by time-domain frequency shifts, down-sampling, and anti-aliasing filtering. 
PRACH-D carries demodulation reference signal (DM RS), and DM RS of PRACH-D can be transmitted with a longer CP length (longer than a CP length of PRACH-D data symbols). The CP-length of DM RS of PRACH-D can be determined based on the maximum round-trip delay and the maximum delay spread for UEs selecting 2-step RACH in a cell. PRACH-D data symbols may employ the same CP length as PUSCH. If the cell is large (e.g. 5km cell radius) and if UEs within 2km radius are expected to perform 2-step RACH based on RSRP (or path loss) threshold setting, the CP-length of DM RS of PRACH-D is longer than the CP length of PRACH-D data symbols but less than the CP length of PRACH preamble. Figure 2 (b) shows an example symbol structure of PRACH-D.

The longer CP of DM RS would guarantee DM RS reception without severe inter-carrier interference (ICI) caused by timing offset larger than the CP length. When an operating SNR range is low because of a small payload, channel estimation performance is critical to the overall demodulation performance. Thus, low ICI or ICI-free reception of DM RS would be beneficial to achieve good demodulation performance of PRACH-D. Moreover, the longer CP of DM RS can maintain orthogonality of multiple orthogonal DM RS, e.g. a Zadoff–Chu (ZC) sequence and its cyclic shifts, when two or more PRACH preambles are associated with the same time-frequency resource for PRACH-D and multiple orthogonal DM RS for multiple PRACH-Ds are multiplexed in the same time-frequency resource.        

Proposal 3: Consider adopting a longer CP for DM RS of PRACH-D to avoid ICI and to maintain orthogonality among multiplexed orthogonal DM RS.  
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Figure 2 Physical channel structure for 2-step RACH. (a) An example resource allocation of PRACH-P and PRACH-D, (b) Illustration of PRACH-D symbol structure.
4 Summary

In summary, we propose the followings to support 2-step RACH in NR:

· Observation 1: Demodulation performance of PRACH-D is significantly impacted by a received signal timing offset, unless a long CP is appended.
· Proposal 1: In 2-step RACH, Msg1 data and a RACH preamble are transmitted on separate resources.
· Proposal 2: Consider UE’s selection of RACH procedures (i.e. 2-step or 4-step) based on a radio condition, e.g. RSRP.
· Proposal 3: Consider adopting a longer CP for DM RS of PRACH-D to avoid ICI and to maintain orthogonality among multiplexed orthogonal DM RS.  
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6 Appendix A

Table 1 presents simulation parameters used for PRACH-D BLER performance evaluation.
Table 1 Simulation parameters 
	Parameters
	Values

	CP duration
	4.7us for data symbols, 18us for DM RS

	Subcarrier spacing
	15KHz

	Resource allocation
	Contiguous 36 subcarriers, 1 DM RS + 3 data symbols  

	Modulation
	QPSK

	Channel estimation
	Ideal 

	Channel model
	TU6

	Max. Doppler spread
	3 Hz

	Payload
	100 bits

	Channel coding 
	LTE Turbo code
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