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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86bis meeting, progress was made on the study of a simplified RACH procedure for NR [1]. In this contribution, we look at the UE-dedicated preamble transmission from a performance evaluation perspective, with the agreed evaluation assumptions [2]. We focus on the preamble detection with multi-TRP reception, and evaluate the performance gain of multi-TRP detection over single-TRP detection.
[bookmark: _Ref129681832]Performance Evaluation For Below 6GHz
LLS for below 6GHz
Multiple TRPs can be formed to a NR cell [3] to provide a UE-cell-centered-like experience.  Multiple TRPs within a NR cell can receive the RACH preambles form the same UE to enhance the detection reliability. While considering the multi-TRP reception, we assume the following scenarios: 1) Multi-TRP independent reception assumes that the TRP detect the RACH preamble independently, and a successful detection is claimed when any of them detect the correct preamble in the correct position in time axis; 2) Multi-TRP joint reception allows multiple TRP to combine their receiving sequence first and then perform the correlation detection to detect the preamble.  
We present the LLS evaluation of PRACH performance for below 6GHz. The performance of the RACH schemes in LTE is provided as benchmark.  We consider both single and multi-TRP detection scenarios to investigate their performance under AWGN and CDL-C channel models [4], with frequency offset at +/- 600 kHz [2]. The detailed evaluation assumptions can be found in Appendix 5.1. We mainly consider the detection error probability. We follow the performance metrics defined in [2]. 
In figure 1-a) and b), we provide detection error probability in AWGN and CDL-C channels respectively. We observe that the required SNR that achieves 1% detection error probability has been greatly relaxed using the multi-TRP reception scheme.   
[image: ]                   [image: ]                                                 
a) AWGN channel									  b) CDL-C channel
Figure 1. Detection error probability
Observation 1: In LLS for below 6GHz, multi-TRP independent reception shows better detection error probability compared with single TRP reception. The SNR of multi-TRP independent achieves -16dB and -11dB in AWGN and CDL-C channel respectively, compared with the single TRP case of -9dB and -5dB. 
Observation 2: In LLS for below 6GHz, multi-TRP joint reception shows better detection error probability compared with multi-TRP independent reception in low SNR. The SNR of multi-TRP achieves -20dB and -11dB in AWGN and CDL-C channel respectively, compared with the single TRP case of -16dB and -11dB. 

SLS for below 6GHz
In this part, we demonstrate the system-level performance of PRACH below-6 GHz. We assume all UEs in the 57 sectors use the same resource to transmit PRACH, i.e., 57 sectors act as a NR cell. If in average α UE sends preamble per sector, in total 57α UEs are reusing the PRACH resource.
The miss detection rate is evaluated, which is defined as the probability of a transmitted preamble not being detected by TRPs against a certain threshold. This threshold is obtained by a target false alarm rate of 0.1% in simulation. Single-TRP detection and multi-TRP joint detection are compared. The preamble detection procedure and detailed simulation parameter are illustrated in Appendix 5.2.



[bookmark: _Ref465608473]Figure 2. Distribution of contending UEs and non-contending UEs in PRACH 
Figure 2 shows distribution of contending UEs (UEs that transmit preambles) and non-contending UEs (that do not transmit preambles) under single-TRP detection and joint detection schemes, with a total of 228 UEs reusing the same PRACH resource. Joint detection accumulates higher sequence correlation energy for both contending and non-contending UEs, but the slope of contending UE distribution is steeper, leading to lower miss detection rate. 


[bookmark: _Ref465611187]Figure 3. Miss detection rate vs.  number of contending UEs that send preamble simultaneously in one resource
Figure 3 summarizes the miss detection rate as a function of contending UEs, and show lower miss detection rate of multi-TRP detection compared to single-TRP detection. Under multi-TRP joint detection, for 200 simultaneously contending UEs, the miss detection rate is close to 0; for up to 500 simultaneously contending UEs, the miss detection rate under joint detection is still under 4%.
Observation 3: In SLS for below 6GHz, lower miss detection rate can be achieved by multi-TRP joint detection compared to single-TRP detection. Based on multi-TRP joint detection, miss detection rate of contention-free UE-dedicated preamble transmission can be kept close to zero for up to 200 simultaneously preamble transmissions in SLS evaluation.
Proposal 1: NR should support the multi-TRP reception to enhance the PRACH detection performance, for below 6GHz.
Performance Evaluation for Above 6GHz
LLS for above 6GHz
[bookmark: _Toc458168671]For above 6 GHz, to enhance the link budget of PRACH channel, beamforming should be used at least at TRP side. Therefore, as Figure 4 shows, the beam sweeping of PRACH transmitting/receiving within one or several slots should be supported, and TRP could decide when to switch the receive beam based on the deployment scenario, antenna configuration, etc. On the other hand, the coverage requirements in [4], e.g., 20m for InH, 200m for UMi, and 500m for UMa, should also be met by proper PRACH design.
[image: ]
[bookmark: _Ref465756671]Figure 4. PRACH channel design for above 6GHz. In (a), a beam includes one preamble and in (b), a beam includes two preambles.
The link-level simulation results are shown in Figure 5, where the performance of single TRP reception and multi-TRP joint reception are compared. The UE is assumed to be located at the coverage boundary of the TRPs. For multi-TRP joint reception case, UE performs transmit beam sweeping to all directions, and the three closest TRPs receive and combine the preamble signal. The ratio of received power among the three TRPs is assumed to be 1:1:0.5. Other simulation parameters are summarized in Appendix 5.3.
[bookmark: _Ref465709279][image: ]
Figure 5. Detection error probability for above 6GHz
It is observed that with multi-TRP joint reception, the performance could be improved significantly. Under multi-TRP reception, the required PRACH preamble length is reduced with higher spectrum and power efficiency. 
Observation 4: In LLS for above 6GHz, multi-TRP joint reception improves the performance significantly.  
SLS for above 6GHz
For the system level performance evaluations, we assume a 9-sector area and 200 UEs are randomly distributed in the center sector, and each UE reuses the same resource for PRACH transmission. The TRPs jointly detect the PRACH preamble, i.e., 9 sectors act as a NR cell. Furthermore, we assume that three TRPs with the strongest received signal could jointly detect the PRACH preamble. Other simulation settings are summarized in Appendix 5.4.
The system-level simulation results are shown in Figure 6. It is observed that with multi-TRP joint reception, the performance could be improved.
[image: ]
[bookmark: _Ref465755527]Figure 6. CDF distribution of detection error probability for 5% edge users, above 6GHz.
Observation 5: In SLS for above 6GHz, multi-TRP joint reception improves the performance. 
Proposal 2: NR should support the multi-TRP reception to enhance the PRACH detection performance, for above 6GHz.
Conclusion
In this contribution, we evaluated the RACH preamble detection performance under NR cell concept for state transition from RRC-INACTIVE state to active state. We have the following observations:
Observation 1: In LLS for below 6GHz, multi-TRP independent reception shows better detection error probability compared with single TRP reception. The SNR of multi-TRP independent achieves -16dB and -11dB in AWGN and CDL-C channel respectively, compared with the single TRP case of -9dB and -5dB. 
Observation 2: In LLS for below 6GHz, multi-TRP joint reception shows better detection error probability compared with multi-TRP independent reception in low SNR. The SNR of multi-TRP achieves -20dB and -11dB in AWGN and CDL-C channel respectively, compared with the single TRP case of -16dB and -11dB. 
Observation 3: In SLS for below 6GHz, lower miss detection rate can be achieved by multi-TRP joint detection compared to single-TRP detection. Based on multi-TRP joint detection, miss detection rate of contention-free UE-dedicated preamble transmission can be kept close to zero for up to 200 simultaneously preamble transmissions in SLS evaluation.
Observation 4: In LLS for above 6GHz, multi-TRP joint reception improves the performance significantly.
Observation 5: In SLS for above 6GHz, multi-TRP joint reception improves the performance.
Based on the above observations, we have the following proposal:
Proposal 1: NR should support the multi-TRP reception to enhance the PRACH detection performance, for below 6GHz. 
Proposal 2: NR should support the multi-TRP reception to enhance the PRACH detection performance, for above 6GHz.

Appendix
[bookmark: _Ref465620032]Link-level simulation parameter for below 6GHz
Table 1. Key assumptions for link-level simulation (LF)
	Attributes
	Values or assumptions
	Remarks

	Carrier Frequency
	4GHz
	

	Subcarrier spacing
	1.25kHz
	

	PRACH bandwidth
	6 RBs
	

	slot length
	1 ms
	

	TRP antenna config.
	(1,1,2)
	Omni-direction

	UE antenna config.
	(1,1,2)
	Omni-direction

	Channel model
	AWGN/CDL-C
	Delay scaling 100ns, ZSA = 5, ZSD = 1

	UE speed (km/h)
	3
	

	UE movement
	Static
	

	Initial timing Offset
	0
	

	Frequency offset
	+/- 0.05 ppm TRP:  +/- 200Hz
+/- 0.1 ppm UE: +/- 400Hz
	Max total: +/- 600 Hz



[bookmark: _Ref465619977]System-level simulation parameters for below 6GHz
The procedure of preamble detection is as follows. We assume each UE has its preamble sequence (in the form of Zadoff-Chu), which is also known at the network side since in RRC-INACTIVE state the UE context is preserved at network [3][5]. In the simulation, UEs are transmitting at their full power; UL power control under NR cell frame structure can be FFS. For miss detection performance, two schemes are considered after a UE sends out its preamble:
· [bookmark: _GoBack]Single-TRP detection: each UE’s preamble is only detected by the TRP with largest large-scale gain to this UE. The best TRP of each UE in RRC-INACTIVE state is known at network with the help of a certain reference signal to timely update the TRP-UE association [6]. The success of detection is determined by comparing against a threshold resulted from target false alarm rate.
· Joint detection: each UE’s preamble can be detected by multiple TRPs. In this case, one UE is detected by one TRP if the received power from this UE at this TRP is above a threshold. The amplitudes of the detected sequence correlation from multiple TPRs for one UE are first normalized with respect to both UE power and large-scale gain, and then combined and compared against a threshold resulted from target false alarm rate.
In the simulation, LTE based time/frequency (TF) design for PRACH (format 0) is used, given the default numerology of 15kHz subcarrier spacing. The detailed design of PRACH for NR can be FFS to fit new requirement of NR, such as coverage, numerology, frame structure, and network structure.
Table 2. Key assumptions for system-level simulation in LF
	Attributes
	Value

	Carrier Frequency
	4GHz

	FFT size
	2048

	Number of sectors
	57

	Number of Macro TRPs / Micro TRPs / UEs per sector
	1 / 3 / 40

	Number of contending UEs per sector
	[1 ~ 16]

	Macro ISD
	200m

	Max Power of Macro, Micro, UE
	44dBm, 33dBm, 23dBm

	Height of Macro, Micro, UE
	25m, 10m, 1.5m

	Large-Scale Fading, Shadowing, Antenna Pattern, etc
	Follow 36.873

	Channel Model
	CDL-C

	UE Speed
	3km/h

	Error Std of UE Timing Estimation
	20m / 3*108m/s

	Cyclic Shift Dimensioning (Ncs)
	22

	TS Number Per Sample in TA estimation
	6

	MIMO
	2x2

	Threshold for UE Detection at TRP in Joint Detection
	30dB below the largest received UE power

	PRACH false alarm target
	0.1%

	PRACH numerology
	Same as LTE PRACH format 0



[bookmark: _Ref465620172]Link-level simulation parameter for above 6GHz
In the simulation, the following numerology is used. The detailed design of PRACH for NR can be FFS to fit new requirement of NR, such as coverage, frame structure, and network structure.
[bookmark: _Ref465843490]Table 3. Key assumptions for link-level simulation in HF 
	Attributes
	Values or assumptions

	Carrier Frequency
	30 / 70 GHz

	Subcarrier spacing
	120/60 for 30 GHz/; 480/240KHz for 70 GHz

	FFT size
	2048

	PRACH bandwidth
	6 RBs

	Preamble sequence 
	Zadoff-Chu, length 71

	Antenna configuration
	Follow [2]

	Channel model
	CDL-C 30 ns, ZSA = 5, ZSD = 1, [2]

	UE speed 
	3 km/h

	UE movement
	Static

	Initial timing Offset
	0

	Frequency offset
	0.05 ppm TRP:  1500 / 3500 Hz
0.1 ppm UE: 3000 / 7000 Hz

	Target performance
	False alarm probability: 0.1%
Detection probability: 99%


[bookmark: _Ref465849483]System-level simulation parameters for above 6GHz
Table 4. Key assumptions for system-level simulation in HF
	Attributes
	Value

	Carrier Frequency
	30 GHz

	FFT size
	2048

	Number of sectors
	9

	Number of Macro TRPs / UEs 
	3 / 200

	Micro ISD
	200 m

	Max Power of UE
	23 dBm

	Height of Macro, UE
	25 m, 1.5m

	Channel model 
	Follow [4]

	Antenna configuration
	Follow [2]

	UE Speed
	3 km/h

	Frequency offset
	0.05 ppm TRP:  1500 / 3500 Hz
0.1 ppm UE: 3000 / 7000 Hz

	PRACH false alarm target
	0.1%

	PRACH numerology
	Same as that in Table 3
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