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Introduction
There were length discussions on the 2-step RACH in RAN1#87 and Ad Hoc NR meeting. Some schemes of the 2-step RACH were proposed and discussed.
In this contribution, we firstly describe how to apply non-orthogonal multiple access schemes to 2-step random access procedure, assuming UEs are in RRC inactive state, and then provide some simulation results.
Discussion
In RRC_INACTIVE state, data can be transmitted with simplified 2-step RACH. The saving of the signaling naturally saves UE’s power consumption, reduces latency and increases system capacity. Three different data structures can be designed for 2-step RACH, i.e.
1) Traditional structure: Preamble + Payload without spreading,
2) Preamble + Payload with non-orthogonal spreading
3) Payload-only with non-orthogonal spreading
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Comparing to the structure without spreading, characteristic of non-orthogonal spreading is more pronounced, especially when the system load of random access increases, to combat the high likelihood of resource collision, improve the performance of system capacity.
Preamble+ payload with non-orthogonal spreading can be a reasonable approach to ease the burden of advanced receiver, and the preamble can be used to get accurate TA estimation. However, for the 2-step RACH which is more likely to be applied in small-cell use cases and the payload size is relatively small, the overhead of preamble is not negligible and thus the spectral efficiency is limited. Furthermore, when the density of random access increases, the preamble collision would also visibly degrade the 2-step RACH performance. 
For the payload-only scheme, transmitter side non-orthogonal spreading and advanced receiver can be applied to achieve good performance through blind multi-user detection including user identification, TA measurement and channel estimation, and at the same time minimize the overhead and the collision problem. In this solution, Msg1 is indeed the payload to convey a small amount of information as illustrated in Figure 1.

[bookmark: _Ref474096281]Figure 1 Payload-only solution for 2-step RACH procedure.
Observations 1: If 2-step RACH used for UL synchronization, the TA measurement accuracy should fulfil different scenarios.
Observations 2: Further study is needed on whether the detection rates of the preamble and payload should be comparable.
Observations 3: Spreading can mitigate the collision of payload of 2-step RACH.

Payload-only solution for 2-step RACH
In Payload-only solution, only data is transmitted. If needed, DMRS can also be transmitted. The above-mentioned functions such as user identification, TA measurement and channel estimation should be fulfilled by the payload itself. This can be done through the following two ways:
1) DMRS.
2) MA signatures such as spreading code.
DMRS would have similar function as preamble where the differences are mainly the position of resources, the numerology as well as the overhead. When DMRS is applied as the same way as in LTE and the number of users for RACH is large, the collision probability of the DMRS would be unexpected high. Increasing the resources of DMRS will alleviate the collision issue, but at the same time the overhead is increased and the resource utilization and access capability are reduced. 
Instead of using DMRS for multi-user separation, the payload-only solution can work well with MA signatures, such as the spreading code used in MUSA [3] for the simplified RACH procedure. The resource utilization is optimized since no overhead is cost, and the collision issue can be avoided by using blind channel estimation and equalization based on the pre- and post-information of data symbols. The pre-information contains the spreading codes, characteristics of low order modulation, and statistics of received signals, and the post-information such as the successfully decoded data symbols can be applied to refine the channel estimation and minimize the error propagation of SIC. A block diagram of receiver for 2-step RACH by using payload-only solution with spreading and SIC-type receiver is shown in Figure 2. 
The performance of blind detection can be achieved very closely to optimal MMSE estimator, especially when multiple access users are synchronized, i.e. the timing offsets are small. However, when the time offsets are relatively larger in order to support large cell radius, the inter-symbol interference due to asynchronous superposition will significantly degrade the performance of blind equalization. In this case, we may need to introduce the extended CP and/or lower the sub-carrier-spacing. Pre-compensation of the timing offset of received signal by several different hypotheses values is also needed before the blind equalization.

[bookmark: _Ref474096305]Figure 2 Receiver design for 2-step RACH by using MA signatures
Observation 4: The target SNR and cell radius supported by 2-RACH payload should be studied.
Evaluation results 
The performances of contention-based cases (i.e. multiple users shared the same RACH resources) of payload-only scheme and preamble plus payload with spreading scheme have been illustrated in our previous contribution [4]. It was shown that, given the same target spectral efficiency, the payload-only scheme outperforms the preamble-based scheme on the BLER metric due to the capability of collision resolution. In this contribution, we further provide some detailed performance evaluation for single-use cases in terms of BLER and TA detection probability.
The comparison of BLER curves at different SNR level is shown in Figure 3, and the TA detection probability is represented in Table 1. For the single-user case, there is no collision issue or inter-user interference. When there is no time offset, the payload-only scheme achieves better performance than preamble-based scheme due to lower modulation order employed. However, when there is time offset, the payload-only scheme is inferior to preamble-based scheme because time offset leads to phase linearly increase in frequency domain, which degrades the blind detection performance of payload-only scheme. And the larger the maximum time offset, the worse the performance. Because there is relationship between cell radius and time offset, there is large impact of cell radius on the performance of payload-only scheme. It is important to appropriate choose the application scenario of payload-only scheme, such as large cell radius scenario or small cell radius scenario.
In Table 1 the TA detection probability as a function of SNR for payload-only and preamble plus payload schemes is shown. It is observed that when SNR is larger than 4 dB, the TA detection probability is larger than 90% for payload-only scheme in the case of time offset within [0, 5.2us], while the required SNR is more than 6 dB for payload-only scheme in the case of time offset within [0, 50us]. Although the BLER performance of payload-only scheme without time offset is better than that of preamble plus payload scheme, the TA detection probability of the former is worse than the later. The reason is that TA is estimated after the data is successfully decoded for payload-only scheme. While for preamble plus payload scheme, the TA estimation is performed using preamble before the data decoding.
[image: ]
[bookmark: _Ref474156499]Figure 3 Single-user performance comparison between payload-only and preamble plus payload solutions
[bookmark: _Ref474156562]Table 1 TA detection probability as a function of SNR
	SNR(dB)
	TA detection probability of payload-only solution, no time offset  case(Estimation accuracy of TA is with +/- 1 us)
	TA detection probability of payload-only solution, [0, 5.2us] case (Estimation accuracy of TA is with +/- 1 us)
	TA detection probability of payload-only solution, [0, 50us] case (Estimation accuracy of TA is with +/- 1 us)
	TA detection probability of preamble plus payload solution, [0, 5.2us] case (Estimation accuracy of TA is with +/- 1 us)

	2
	95.62%
	82.92%
	70.10%
	98.70%

	4
	98.12%
	91.74%
	83.52%
	99.54%

	6
	99.26%
	96.20%
	92.14%
	99.82%

	8
	99.74%
	98.26%
	96.52%
	99.94%

	10
	99.96%
	99.24%
	98.54%
	99.99%



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]It should be noticed that the preamble design for the comparison is based on ZC sequence with cyclic shift, similar with that in LTE. The preamble in LTE is designed with quite low detecting threshold (e.g. <-10dB SNR), to support large cell radius and to minimize the miss detection probability of the users with poor geometry. The preamble plus payload solution can be further optimized to accommodate the detecting threshold of preamble sequences to be as similar as the decoding threshold of payload part. For example, for the extreme coverage cases, repetition is needed for the payload data to reach the low operating point, and then the overhead of preamble is relatively reduced.  Furthermore, some parts of the advanced receiver designs employed in payload-only solution with spreading can also be applied to preamble-based solutions.

Proposal 1: The non-orthogonal access scheme should be considered and further studied in the 2-step RACH evaluation. 

Conclusion
In this contribution, we compared a few potential schemes of Msg1 in 2-step RACH. Some observations and proposal based on the analysis are listed as below:
Observations 1: If 2-step RACH used for UL synchronization, the TA measurement accuracy should fulfil different scenarios.
Observations 2: Further study is needed on whether the detection rates of the preamble and payload should be comparable.
Observation 3: The target SNR and cell radius supported by 2-RACH payload should be studied.
Proposal 1: The non-orthogonal access scheme should be considered and further studied in the 2-step RACH evaluation. 
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ANNEX 
Simulation parameters for payload only Msg1 are shown on Table A1.
Table A1 Simulation parameters for payload only.
	Bandwidth
	864   subcarrier and 1 symbol

	Subcarrier   space
	1250Hz

	Modulation
	BPSK

	Channel   code
	Turbo

	Code   rate
	1/3

	Time   delay
	Random   uniform distributed from [0, 50us]

	Spreading code length
	4

	Number of spreading codes
	64

	Channel
	TDL-A

	Number   of TX
	1

	Number   of RX
	2

	Channel   estimation
	Real

	SNR   range
	2,4,6,8,10

	User   number
	1

	Receiver
	SIC based blind detection



Simulation parameters for Preamble + payload with spreading solution are given in Table A2. 
Table A2 Simulation parameters for preamble + payload
	Bandwidth
	1080kHz with 432 subcarriers, 1 OFDM symbol for preamble and 1 OFDM symbol for payload

	Subcarrier   space
	2500Hz

	Modulation
	QPSK

	Channel   code
	Turbo

	Code   rate
	1/3

	Time   delay
	Uniform distributed in [0, 5.2us], corresponding to cell radius of 1.8km

	Spreading code length
	4

	Number of preamble/spreading codes
	64, 1-to-1 mapping, preamble uses ZC sequence with 2 roots per cell and 32 cyclic shifts per roots

	Channel
	TDL-A

	Number   of TX
	1

	Number   of RX
	2

	Channel   estimation
	Real

	SNR   range [dB]
	Fixed 2,4,6,8,10

	User   number
	1

	Receiver
	MMSE-SIC
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