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1 Introduction

It was agreed at the RAN1 #86 meeting that a 4-step NR random access (RA) procedure, similar to LTE, shall at least be assumed from RAN1 perspective. In addition, there have been discussions on the benefits and methodology of a simplified 2-step RA procedure, primarily targeted towards latency reduction. In a prior contribution [1] we enumerated some use cases and scenarios that favour a simplified RA procedure. In this contribution, we further discuss design aspects and other considerations that would need to be addressed if a 2-step RA procedure is introduced for NR. 
2 Discussion
Latency reduction on the control plane is clearly a desirable goal for any cellular system, and is a design target both for LTE evolution and NR. Naturally, a simplified RA procedure consisting of just 2 steps in contrast to the 4-step procedure would be useful across all network events that trigger a random access procedure. Based on the initial discussions, a RAN1 LS was sent to RAN2 requesting feedback on UE identities, associated procedures and scenarios. The reply LS from RAN2 [2] contains the following agreements:
Agreements

If 2 step RACH is supported:

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

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.

5
Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are still studying.

It was also noted that RAN2 expects a benefit in latency if the original Msg3 of the 4-step RA procedure can be carried in Msg1. In LTE the minimum Msg3 size is 56 bits including the UEID for either Idle or Connected states. This results in a minimum data payload of 56 + 24 = 80 bits assuming a 24-bit CRC. Given these requirements, we investigate the necessary physical layer functionality to satisfy both preamble detection and data BLER performance.  
2.1 PHY Considerations for 2-step RA

A comparison of the baseline 4-step and the 2-step RA procedures is shown in Figure 1. Msg1 of the 2-step RA consists of a RA preamble and a L2 data packet. The data packet would at least contain the UEID and additional data as recommended in the RAN2 LS. Msg2 of the 2-step procedure may contain the RAPID, TA command, a UEID for contention resolution and, if initial access is supported or configured, a C-RNTI allocation.
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Figure 1 Comparison of (a) 4-step and (b) 2-step RA procedures
Essentially Msg3 of Figure 1(a) is now piggybacked onto the preamble for Msg1 transmission in Figure 1(b). The PRACH for the 2-step RA may be defined as a channel conveying a preamble with an associated data message. Furthermore, since the data message part is unscheduled and contention-based it is also possible to categorize it differently from data transmitted on the NR PUSCH.
Proposal: the PRACH for a simplified 2-step RA procedure is defined as a physical channel consisting of a preamble part and a data message part.

2.1.1 Multiplexing preamble and data on PRACH

The multiplexing scheme for preamble and data on the PRACH may have a significant impact on the preamble detection performance compared to the 4-step RA procedure. We consider the benefits and drawbacks for TDM and FDM.
TDM method

A possible example of TDM is shown in Figure 2 for a self-contained slot structure, where we contrast a long preamble (used in 4-step) to a shorter preamble + data. It is assumed here that the 4-step RA procedure is the baseline configuration and, based on the RAN2 LS reply, the network can optionally configure 2-step RA for certain restricted use cases. Furthermore, we assume that the PRACH time slot duration is provisioned for the cell regardless of the type of RA procedure. The PRACH guard time provisions for RA attempts from UEs either close to a serving TRP or at the cell edge. In Figure 2, separate sub-bands are configured for 2-step and 4-step RA. 
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Figure 2 Configuration of 4-step and 2-step RA in different sub-bands in a bidirectional slot
For the same PRACH duration it may be expected that the preamble detection performance is better for a long preamble compared to a shorter preamble under the same channel conditions. The long preamble also supports a longer timing estimation window. In other words, if the long preamble is dimensioned for a particular cell range, the shorter preamble restricts 2-step RA to users within a smaller range compared to the cell dimensions, if timing estimation is required. 

Figure 2 showed the data part consisting of 1 OFDM symbol. In reality there may be multiple symbols in the data part of the PRACH, and each one requires a CP, which should be of the same duration as that of the preamble. When the preamble and data use different numerologies, this could be a significant overhead on the data transmission. Moreover, this further reduces the available data resources – equivalently the Msg1 data payload that can be conveyed within the PRACH duration. A different solution to allow more data symbols, is by utilizing the same numerology for both preamble and data. Figure 3 shows a generic example where the preamble consists of multiple short sequences (which can improve coverage) and a set of data symbols. The drawback is a shorter preamble sequence resulting in a shorter timing estimation window and reduced preamble capacity for one root sequence if Zadoff-Chu sequences are used. 
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Figure 3 TDM of preamble and data using the same numerology
Observation: the total Msg1 duration including preamble + data payload + guard time has to be dimensioned to fit into a PRACH time slot.
Note that the preamble may also serve as a phase reference for data demodulation at least for low mobility scenarios. Alternatively, DMRS may be inserted within the data region.
FDM method

For FDM, data may be mapped to frequency resources adjacent to the preamble bandwidth. The same guard time dimensioning applies to the data region. Figure 4 shows one case with different subcarrier spacing between preamble and data. Both preamble and data symbols have the same CP overhead. A guard band needs to be inserted between the preamble and data to mitigate inter-carrier interference from preamble to data 
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Figure 4 Illustration of FDM multiplexing of data + preamble
One advantage of FDM is that it removes the restrictions on the data payload required by TDM mapping. It also allows the same sequences to be used for 4-step and 2-step RA procedures. However, a drawback is the resource overhead because at least a pair of adjacent RBs is assigned for the data part of the PRACH. 
2.2 Data message considerations

Since the data part is a contention-based multiple access channel it can be categorized in the same class of non-orthogonal MA schemes that are presently considered for NR. It is one thing to perform multi-user sequence detection but it is a more challenging task to perform multi-user data demodulation on the PRACH.  Therefore, careful consideration must be given to the data design, and, furthermore, multi-user performance evaluation is needed. In terms of resource allocation we first consider a single user using LTE as an example. Encoding the minimum data payload of 80 bits with the LTE turbo encoder with code rate R = 1/3 results in 252 bits (including tail bits) or 126 symbols with QPSK modulation. For a PRACH bandwidth of 6 RBs, at least two OFDM symbols are required. If multiple users transmit in the data part of the PRACH, considerable more resources are required regardless of the multiplexing scheme – TDM, FDM or CDM.

Proposal: study multi-access schemes for the data part of PRACH for the 2-step RA procedure 

Another aspect that needs to be studied is the MCS that is used for the data message. To ensure reliable performance across all UEs, a low MCS value should be configured by higher layer signaling. Other possibilities can be investigated. 

2.3 Other considerations
Under the same conditions it may be expected that 2-step RA may experience some performance degradation in preamble detection compared to the 4-step procedure. For instance in the TDM case, the extended Msg1 transmission may increase the false alarm probability. It is also not clear how reliable data performance would be depending on the payload size and the available resources. It has been previously mentioned to support a fallback mechanism to the 4-step procedure. In such a scenario, if the preamble is successfully detected but data demodulation fails, the gNB may signal a NACK in Msg2 and the UE continues with Msg3 of a 4-step procedure.
Proposal: if 2-step RA is to be introduced for NR, a fallback mechanism to the 4-step RA procedure is recommended.

3 Conclusion
In this contribution we investigated physical layer functionality required for a simplified 2-step RA procedure as complementary to the baseline 4-step procedure. The multiplexing method, configuration and data message design need to be thoroughly studied including performance evaluations. In summary, we propose,
· Proposal 1: the PRACH for a simplified 2-step RA procedure is defined as a physical channel consisting of a preamble part and a data message part
· Proposal  2:  study multi-access schemes for the data message part of the PRACH for a 2-step RA procedure

· Proposal 3: if 2-step RA is to be introduced for NR, a fallback mechanism to the 4-step RA procedure is recommended
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