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This document intend to collect companies’ views on the potential LLS assumptions for 2-step RACH. The deadline is March 15. We plan to have a 2-stage discussion:
1) Collect views on the motivation of simulation and potential evaluation methodology by March 8;
2) Discussion on the detailed performance metrics and simulation assumptions by March 15;

Simulations
Motivation of simulation and evaluation methodology for 2-step RACH
Please share your views on the motivation of simulation and how to evaluate it in the following box. Please also indicate the reason or alternative method even if you think common LLS exercises are not necessary.
	Company
	View

	
ZTE
	1. Views on the potential purposes of simulation:
1)      Preamble performance
As long as the preamble for 4-step RACH is reused, there is no need to re-evaluate the performance of the preamble. If resource partition/grouping of preamble (e.g. preambles are mapped to different PUSCH occasions) is introduced, the pooling efficiency can be evaluated by theoretical analysis.
2)      Payload size
No need to repeat the evaluation if the payload size of msgA is around 56/72bits, i.e. similar as msg3 in 4-step RACH.
In case of small packet UP data transmission in RRC_CONNECTED state, LLS (with assistant of Coupling Loss curve) can be considered to identify the supported maximum payload size for a particular cell size and a given resource size from RAN1 perspective. It can be imagined that with more resource allocated, larger payload size can be supported. With this purpose it is not clear whether all the simulation assumptions should be aligned among companies.
Note: the final decision on the resource size, MCS and payload size should also take into account the overhead of PUSCH resource, configuration flexibility, etc.
3)      PUSCH/DMRS collision
Simulation may not be necessary. Alternatively, theoretical analysis can be used to calculate the collision probability under certain traffic model, when multiple PRACH preambles are mapped to the same PUSCH resource and/or same DRMS port.

2. Evaluations methodology for payload size: 
For each cell size with a specific assumption for timing offset, if the resource size was fixed to k PRBs, for various payload sizes, the required SNRs at the target BLER (e.g. 10%) can be obtained by LLS (as figure 1,figure 2 showed). And then supported MCLs can be derived based on the required SNR (corresponding to SINR in SLS) for the given occupied bandwidth, Tx power and noise figure (as shown in table 1 below). With the value of payload size increasing, the required SINRs increase and the supported MCL decrease. When the supported MCL fails to meet the target coupling loss (e.g. 95% of the CL in the cell,as figure 3 showed), a maximum required SINR will be found, and the corresponding maximum supported payload size can be determined (as figure 4 showed)
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Table 1. Link budget calculation
	TBS
	

	Transmitter
	

	(1) Tx Power (dBm)
	

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	

	(3) eNB receiver noise figure (dB)
	

	(4) Interference margin (dB)
	

	(5) Occupied channel bandwidth (Hz)
	

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	

	(7) Required SINR (dB) (Target BLER=0.1)
	

	(8) Receiver sensitivity = (6)+(7) (dBm)
	

	(9) Receiver processing gain
	

	(10) MCL = (1)-(8)+(9) (dB)
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Different cell size can be evaluated with the same methodology above by adjusting the parameter of ISD/carrier frequency/TO values.


	Huawei, HiSilicon
	The motivation of simulations for 2-step RACH in our view aims for a certain level of study of feasibility and benefits of preamble followed by payload transmission with comparable performance as 4-step RACH in most typical use cases of interests, e.g. small packet in small cell sizes, while other cases can be simulated for helping identifying the target use cases but particular optimization may not be pursued for e.g. large cell size as WID stated. More specifically we consider at least the following needs to be investigated/analyzed:
a) the impact of different resource configurations methods, i.e. ROs and/or preambles are shared or not between different RACH procedures
· miss-detection probability of (preamble and/or) PUSCH could be investigated 
b) the impact of potential PUSCH/DMRS collision among different mapping and resource configuration methods
· PUSCH/DMRS collision can have large impact on the BLER performance, thus the proposed methodology from ZTE, may be inaccurate if e.g. inter-/intra-cell interference are not considered. 
· If only link-level simulation is preferred, the BLER of PUSCH could be jointly evaluated with the first bullet, e.g. BLER v.s. SNR @ given miss-detection rate, with simplified modeling of interference or UE behavior/expectation regarding collisions, e.g. network ensure no DMRS collision; otherwise, UE drops the PUSCH. 
· Alternatively, system level simulations could be considered.
c) the impact of payload sizes w.r.t. resource sizes/resource utilization/cell size on the performance of payload transmission
· With different payload sizes/resource sizes/cell sizes assumed in the above 
d) the necessity of guard time/guard period considering the interference
e) latency
f) signalling overhead
g) Rx detection complexity
R15 4-step RACH is the baseline. a) - d) can be evaluated by link-level simulations, others may be investigated by numerical/theoretical analysis. So for the potential LLS we could take a)-d) (or some of them) as first round of evaluations. 

	Intel
	It may be desirable to conduct link level performance evaluation for MsgA. In our view, it is more appropriate to consider a coverage balance between PRACH and PUSCH in the design of MsgA for 2-step RACH. Hence, the main motivation of the link level simulations could be to investigate the coverage difference/mismatch between PRACH and PUSCH in MsgA, especially when considering the long PRACH formats, e.g., PRACH format 1 and 2, and when relatively large payload is carried by MsgA PUSCH, e.g., for UP data. 

Based on the link level simulation results, we can further consider whether to support repetition of MsgA PUSCH or appropriate power offset to match coverage status within MsgA, or consider restriction on the support of certain PRACH formats for 2-step RACH. The link level performance evaluation can also be helpful for the determination of potential time/frequency resource size of MsgA PUSCH transmission for a given payload size, MCS, etc. 

The performance metric for link level simulations can be 
· PRACH preamble: miss detection probability vs. MCL
· MsgA PUSCH: BLER vs. MCL

Further, in our view, system level simulation may not be needed. 


	Ericsson
	We have similar views on the motivation: evaluate feasible payload sizes in relevant (at least small cell) scenarios and for comparing performance of schemes.
Regarding preamble performance, we think that some simulations could be needed.  For example, the detection threshold might be lower for PRACH+PUSCH than for PRACH alone, because the false detection probability is very low with CRC.  In such cases, probability of missed detection and/or false alarm for PRACH vs. SNR could be evaluated.  
For payload size evaluation: the approach that ZTE describes seems reasonable at a high level for the non-collision case, and we think the non-colliding case can be used as one basis for payload size observations for RAN2.  However, we think that power control might be directly taken into account to determine the SNR statistics rather than restricting to MCL.  Payload size determination should also take into account channel estimation and impairment losses.  Finally, fixing PRB size and MCS (or using a small set of fixed PRB sizes and MCSs), but varying payload seems reasonable.  However, we should align the minimum PRB size and MCS with the minimum expected payload.  
While it is of course true that collision impacts BLER performance, the question is if we need to optimize capacity for msgA in the presence of collision.  If we do add features for such capacity optimization, then they should be evaluated with proper modeling of system behavior.   The most straightforward way would be to use system simulations, although we could also develop models of colliding UEs in link level as we did for NOMA and as Huawei mentions.

	Nokia
	On motivation and potential purpose of simulation:
1) Preamble performance. The preamble formats of release 15 are used. Hence, there is no need to reevaluate the performance of the preamble. However, MsgA is a combination of preamble+PUSCH. When the preamble is detected, the main parameter we get from the preamble detection is the time offset. The accuracy of the time offset impacts the performance of the PUSCH decoding.
2) Payload determination vs cell size. The cell size influences the payload determination in two ways, it impacts the MCL, it also impacts the maximum delay offset between users received in the same symbol/slot (e.g. on different PRBs). The latter can lead to loss of orthogonality and degradation of the SINR.
3) If uplink control information, to assist in the decoding of the PUSCH transmission, is included with MsgA, link level simulation can assist in evaluating the decoding reliability of the uplink control information.
4) A potential purpose of the simulation is to define a set of use cases that can be used to compare different alternatives as we down select. For example, there could be some use cases for small cells and other user cases for larger cells (to know the performance limits without optimizing for performance). There could be use cases for different payload size, etc. 
Evaluation Methodology:
If it is agreed to run link level simulations, we can have two types of simulations:
· Single user simulations including the preamble and PUSCH parts, where the delay offset from the preamble is used in the reception and decoding of the PUSCH part of MsgA.
· Multi (e.g. 2) user simulations. Where the users are allocated to same symbols (on different PRBs) and with different RTTs.
UE1 is the UE whose performance is being evaluated. It has K PRBs, L symbols and a delay offset . The payload size is A bits. K, L,  and A are simulation parameters to be decided.
UE2 is a UE in adjacent PRBs (based on the evaluated design option), allocated to the same symbols and with K PRB allocation size. UE2 has a delay offset of 0. UE2 has a power  dB higher than UE1, where  is a simulation parameter. UE2 acts as an interferer.
For UE1, MsgA including the preamble and PUSCH parts are simulated. The delay offset used in decoding the PUSCH part is estimated from the preamble detection.

	

Qualcomm
	We think necessary performance evaluations can be conducted to determine the channel structure and transmission occasions of two-step RACH.  Considering the scope and the time budget of two-step RACH WI for NR Rel-16 (RP-182894), we think the performance evaluation can focus on msgA transmission, based on a combination of link level simulation (LLS) and analytical study. System level evaluations may not be necessary for these purposes.
In determining the simulation assumptions for LLS, we should follow the objectives outlined in the WID, namely:
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE, RRC_CONNECTED and RRC_IDLE state
Depending on the RRC state, msgA can carry different contents with different payload size. Therefore, we think the size of payload, the size of time-frequency resource allocation and the corresponding MCS can be investigated by LLS for any cell size supported in NR Rel-15, with or without valid TA. As a starting point, the methodology suggested by ZTE can be considered. The coverage balance of msgA preamble and msgA payload can also be studied by LLS, as mentioned by Intel.

It is well-recognized that two-step RACH is beneficial for NR-U, which mainly targets small-cell deployment and is currently evaluating PRACH/PUSCH waveforms different from those specified in NR Rel-15. Therefore, when evaluating NR Rel-15 PRACH/PUSCH design for licensed spectrum, the LLS for msgA needs to consider different cell size supported by NR Rel-15. As a result, a general channel structure supporting configurable payload size and MCS can be specified for different cell size, whose RTT is smaller than, equal to, or larger than the CP duration of PUSCH.

To facilitate co-existence of 2-step RACH and 4-step RACH, the shared or partitioned RO configurations for preamble transmission, as well as the partitioning scheme of preamble sequences need to be evaluated. Analytical study can be used to evaluate the collision probability of contention-based random selection.

Furthermore, the probability of DMRS collision can be evaluated by analytical study for a given mapping scheme between msgA preamble occasion and msgA PUSCH occasion. 

On the other hand, the definition of “PUSCH collision” is unclear. As long as the PUSCH transmission can be identified by a UE-specific signature, it is possible to jointly detect multiple users using LMMSE IRC receivers, as in Rel-15 MU-MIMO. The use of advanced receivers with IC capabilities can be left to gNB implementation for performance enhancement. Therefore, it is not necessary to consider “PUSCH collision” in LLS.  RX complexity evaluation is out of the scope of this WI and should not be pursued in RAN1.


	OPPO
	We consider one case for System Level Evaluation:
Latency reduction is one of the main motivations to specify 2-step RACH for NR. Therefore, when companies provide their schemes to reduce the total latency for 2-step RACH, it is necessary to perform system level simulation to investigate and compare the performance of latency reduction. 
The details simulation assumptions (such as UE numbers per cell, traffic model, etc.) can be picked from typical NR evaluation scenarios. 

Link Level Simulation: We are considering different cases in the evaluation of  PUSCH of MsgA.
1. Without Data, the payload sizes of msgA will be 56/72bits for minimum random access information.  However the resource for PUSCH should be determined accordingly due to the need of a reasonable PUSCH detection possibility with those fixed payload. At least the supportable worst case SNR needs to be identified. In the same time we should select the scenarios for evaluation.
2. The data size would variable due to other UL data transmissions. Then it may also need to decide the payload size of other UL data transmissions, which may take the transmission efficiency into consideration. We think this should also be evaluated. One of the pre-requisite is the PUSCH for evaluation. It should be concluded from the above evaluation.
Evaluation methodology for link level above:
System level geometry from NR evaluation.
95%, 50% or 5% CDF?
Then using that CDF to determining the PUSCH data resource.
The possible UE payload formats for UL data in connective mode.
Others：
For preambles selection, we should consider the existing preambles as baseline, which is sufficient for 2-step RACH. At least this moment, no new simulation is needed.

	vivo
	For 2-step RACH study, following simulation cases may be foreseen.
1. Preamble performance, e.g. miss detection probability
a. As described by WID, Rel-15 PRACH preamble formats are reused for the 2-step RACH study. Therefore, there is no need to repeat the evaluation for preamble performance in this WI agenda.
2. PUSCH performance under certain assumptions 
a. Applicable payload size for PUSCH of msgA, with the assumed cell size, MCS, and/or # of PRBs. It may be used to determine the maximum payload size for a given PUSCH resource. It is also noted that payload size for PUSCH of msgA can be enlarged when more resources are allocated. Besides, if simulation is needed, impact of inaccurate TA estimation needs to be taken into account.
b. Miss detection of PUSCH. It depends highly on the design of channel structure of msgA and the mapping between PRACH and PUSCH. If necessity is identified during the design of resource configuration for msgA, detection performance of PUSCH of msgA can be considered.
c. Collision probability of PUSCH. The collision performance is related to the configuration of PUSCH resource and DMRS configuration. Theoretical analysis can be used to evaluate the collision probability.
Above all, we think LLS simulation is not needed at this stage until necessity is further justified.

	Samsung
	From preamble detection perspective, since the WID states that only Rel-15 preamble design will be reused and no new preamble will be introduced, thus the simulation only on the preamble detection is not necessary.
From PUSCH detection/decoding perspective, several points need to be considered.
1. Supported payload size and. In general, the payload should at least support 56/72 as current Msg.3 and further to discuss potentially larger payload size including UP data (for RRC connected mode). The impact of the cell size, i.e., resulting in exceeding or within CP length, should be considered for feasibility test for determining the supported payload size. For the timing offset within CP case (e.g., small cell), the BLER performance could be expected to be similar to current NR. 
2. If UCI is supported to piggyback to PUSCH. The performance of existing NR structure could be reused if the UCI size and mapping pattern also reuse current design. But if new size or new mapping pattern is introduced, the simulation might be needed to check the performance.
3. Channel structure of PUSCH part, i.e., to include GB/GT or not. Considering the ICI or ISI caused by the large timing offset. It’s straightforward that such interferences will degrade the performance thus the simulation may need to estimate the necessary for the length. 
LLS simulation consideration: if LLS simulation is needed eventually, in addition to the cell sizes, payload sizes, MCS etc, the Rx schemes may also need to be aligned between companies. For example, one could purely using sliding window on PUSCH detection/decoding regardless the TA estimation based on preamble detection, which could have better performance with certain high complexity. But others may use the estimated TA for reduce the complexity. Even though the RX complexity may not in the scope of this WI, but regarding the performance evaluation, Rx scheme should be aligned. In addition, even though the scrambling ID for PUSCH part is not decided yet in our discussion, but it may also impact the performance especially for user multiplexing in same PUSCH case.
From our point of view, system level simulation is not needed. For latency evaluation, if 2step RACH with enough PUSCH resource could generally have better latency performance than that of 4step RACH.

	LG Electronics
	In LLS evaluation, we should observe the BLER performance and MCL depending on 
1) Cell coverage and CP length
2) Payload size and MCS

Cell coverage and CP length
Since TA is not applied for PUSCH transmission in 2-step RACH, asynchronous reception could be considered depending on cell coverage and CP length.
Different PUSCHs which could be FDMed/TDMed could be received without OFDM symbol boundary alignment. In this case, guard band and/or guard period could be necessity in order to prevent inter-carrier interference and/or inter-symbol interference. 
Also, within a PUSCH occasion, different PUSCHs which could be CDMed with own scrambling sequence and DMRS sequence could be received. In this case, we need to provide good solution which is robust against inter-carrier inference and inter-symbol interference.

Payload size and MCS
PUSCH decoding performance could be determined by the amount of time domain resource. For example, for larger payload size, more time domain resource could be required. Also, depending on the channel condition, required time domain resource could be determined. Hence, in order to determine PUSCH resource size, we need to observe the decoding performance of PUSCH depending on payload size and MCS.



Performance metrics and simulation assumptions
In case the opinion on the necessity of LLS is positive, please share your views on the performance metrics and simulation assumptions in the following box. Potential parameters can be found in Table 1. 
	Company
	View

	ZTE
	Based on the motivations of the simulation, there could be two different sets of simulation assumptions. For the evaluation of payload size, various scenarios such as cell sizes shall be assumed. While for the evaluation of different schemes, we can focus on some typical scenarios which can be reflected on some of the assumptions.
Performance metrics can be 
· Missed detection probability vs. SNR  for a given false alarm rate;
(for the potential evaluation of RO configuration)
· BLER vs. SNR 
(for the potential evaluation of mapping schemes and/or GT/GP determination)
· BLER vs. MCL
(for the evaluation of supported payload size)

	Ericsson
	BLER vs. SNR
The probability of misdetecting the presence of PUSCH or incorrectly decoding a detected PUSCH vs. the SNR of PRACH+PUSCH.
Mis-detection probability vs. SNR (for RACH preamble detection): 
The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.
False alarm probability vs. SNR (for RACH preamble detection)
Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1).  False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.

	
Qualcomm

	We think the performance evaluation should focus on the LLS for msgA detection/decoding.  Since the time-frequency resources used by msgA preamble and payload can be different, and the power control procedure can apply different transmission power to the preamble and the payload, respectively, it is unclear to us how to define a single SNR for msgA as a whole. Therefore, the performance of preamble detection and payload decoding can be investigated separately, but the coverage balance of preamble and payload transmission should be jointly evaluated, subject to the transmission power constraint of UE. Therefore, we think the performance metrics for LLS can consider the following:
a) Miss detection probability of msgA preamble vs. MCL at a given false alarm rate, parameterized on the preamble format specified in NR Rel-15;
b) BLER of msgA payload decoding vs. MCL, parameterized on {payload size, MCS, type of waveform, range of timing offset, numerology of PUSCH};
Specifically, a) can re-use the LLS results of NR Rel-15 for both long (L=839) and short (L=139) preamble sequences.



[bookmark: _Ref502132553]Table 1: Link-level evaluation assumptions
	Parameters
	[ZTE]
	[Qualcomm]
	[Company 3]
	[Company 4]
	[Company 5]
	[Company 6]
	…

	ISD
	(1) For evaluation of schemes: 200m,500m
(2) For evaluation of payload size: 200m, 500m, or 1732m, others not precluded
	1) 200m 
2) 1732m
3) 25 km
	
	
	
	
	

	Carrier Frequency
	4GHz as starting point, 700MHz and 30GHz optional
	1) 4GHz (for ISD 200m);
2) 700 MHz (for ISD 1732m and 25 km);
3) 30 GHz (for ISD 200m).
	
	
	
	
	

	Preamble format
	Company report
	Company Report
	
	
	
	
	

	Waveform (data part)
	CP-OFDM, or DFT-s-OFDM

	CP-OFDM or DFT-s-OFDM 
	
	
	
	
	

	Subcarrier spacing for PUSCH
	15kHz at 700MHz, 30kHz at 4 GHz or 30 GHz
	1) 15 kHz for 700 MHz carrier frequency; 
2) 30 kHz for 4 GHz carrier frequency
3) 120 kHz for 30 GHz carrier frequency 
	
	
	
	
	

	TBS
	(1) 56/72 bits as starting point for the evaluation of schemes
(2)Company report for the evaluation of payload size 
	1) 56/72 bits for all RRC states;
2) payloads larger than 56/72 bits for RRC_CONNECTED state
	
	
	
	
	

	MCS
	Company report
	Company Report
	
	
	
	
	

	Resource size
	Company report
	Company Report
	
	
	
	
	

	Number of UEs
	1 as a starting point;
2 for evaluation of PUSCH collision or interference from the adjacent PUSCH resource
	Company Report
	
	
	
	
	

	Traffic model
	Full buffer
	Company Report
	
	
	
	
	

	UE antenna configuration
	1Tx
	1 Tx for FR1. 
FFS TX number for FR2.
	
	
	
	
	

	gNB antenna configuration
	2Rx or 4Rx
	1) 2 Rx or 4 Rx for 700 MHz carrier frequency;
2) 4Rx or 8 Rx for 4 GHz carrier frequency.
	
	
	
	
	

	Propagation channel & UE velocity
	TDL-A 30ns, or TDL-C 300ns, 3km/h or 30km/h
	1) TDL model for 700 MHz carrier frequency;
2) CDL model for 4 GHz carrier frequency, if number of RX antennas >=8. Otherwise, TDL model can also be considered for 4GHz carrier frequency.
3) CDL model for 30GHz carrier frequency.
	
	
	
	
	

	Timing offset
	Uniform [0, RTT]
	Uniform distribution between [0, RTT]
	
	
	
	
	

	Frequency offset
	Uniform [0, 70] Hz at 700MHz, [0, 140] Hz at 4GHz
	Within the range of 0.1 ppm.
	
	
	
	
	

	Max number of HARQ transmission
	1
	1
	
	
	
	
	

	Receiver
	MMSE-IRC as baseline,
MMSE-SIC as optional
	1) MMSE-IRC as baseline;
2) MMSE-SIC as optional, which can be implemented in time or frequency domain;
	
	
	
	
	

	Channel estimation
	Realistic for both channel estimation and TO/FO estimation
	Realistic for both channel estimation and TO estimation. (Ideal channel estimation can be used for calibration purpose).
	
	
	
	
	

	 Target BLER
	10%
	10% for 1st transmission of msgA.
	
	
	
	
	

	Performance metrics
	1) Missed detection probability vs. SNR for a given false alarm rate;
2) BLER vs. SNR or MCL
	1) Miss detection probability of msgA preamble vs. MCL at a given false alarm rate, which is parameterized on the preamble format specified in NR Rel-15;
2) BLER of msgA payload decoding vs. MCL, which is parameterized on {payload size, MCS, type of waveform, range of timing offset, numerology of PUSCH};
Specifically, 1) can re-use the LLS results of NR Rel-15 for both long (L=839) and short (L=139) preamble sequences.
	
	
	
	
	




Summary
For the first stage discussion, 10 companies have provided their views on the motivations of simulation for 2-step RACH. The following motivations are identified:
1. For feasibility study:
1) determine the supported payload size w.r.t resource size and cell size (ZTE, Huawei, Intel, Ericsson, Nokia, Qualcomm, OPPO, Samsung)
· Cell size has impact on the geometry (for given PC parameters), and the range of timing offset
· Both with and without collision can be considered
2) whether to prioritize some preamble formats (Intel)
· by evaluating the coverage balance between PRACH and PUSCH
2. For down-selection of design schemes:
3) determine whether to have shared ROs and/or preambles between 2-step RACH and 4-step RACH, and if yes the percentage for partitioning (Huawei, Qualcomm)
· by evaluating the missed detection / false alarm rate
4) determine whether to have the guard time between PRACH and PUSCH and/or guard period within PUSCH, and if yes the length of GT/GP (Huawei, Nokia, Samsung)
· by evaluating the PUSCH performance with interference from UE(s) on the adjacent PRB/slot
· take into account the accuracy of TO estimation by preamble
5) Determine the mapping between preamble and PUSCH+DMRS, e.g. 1-to-1, multiple-to-1, or 1-to-multiple.
· by evaluating the PUSCH performance with the impact of potential PUSCH/DMRS collision (Huawei, Ericsson), or
· by analytical evaluation on the collision probability (ZTE, Qualcomm)
6) Determine appropriate power offset(s) between preamble and PUSCH, and whether to support repetition of MsgA PUSCH (Intel)
· by evaluating the coverage balance between PRACH and PUSCH
7) Whether to have UCI in msgA PUSCH, and if yes the content of UCI (Nokia)
· By evaluating the decoding reliability of UCI/PUSCH

In addition, different views on the necessity of SLS can be found as below: 
· Alternative evaluation method in the presence of collision (Huawei, Ericsson) 
· Assistant for geometry/MCL threshold determination (ZTE, Ericsson, OPPO) 
· Evaluation of latency reduction (OPPO)
· May not be needed (Intel, Qualcomm, Samsung)

[bookmark: _GoBack]Proposal (Approved by email):
· Adopt the link-level simulation assumptions in the following table for the initial evaluation of feasible payload size, and for the potential down-selection of schemes, e.g.
· whether to have shared ROs and/or preambles between 2-step RACH and 4-step RACH, and if yes the percentage for partitioning
· whether to have the guard time between PRACH and PUSCH and/or guard period within PUSCH, and if yes the length of GT/GP
· the mapping scheme between preamble and PUSCH+DMRS, .e.g 1-to-1, multiple-to-1, or 1-to-multiple
· appropriate power offset(s) between preamble and PUSCH, and whether to support repetition of MsgA PUSCH
· whether to have UCI in msgA PUSCH, if a PUCCH transmission overlaps the PUSCH part of MsgA
· whether to dynamically adapt the payload size and indicate by UCI in msgA PUSCH, and if yes the content and structure of UCI
· FFS other schemes, e.g. whether guard band is included
· Additional system-level simulations or analytical evaluations can be considered for the following analysis:
· Latency
· Signalling overhead
· Resource reservation overhead
· PUSCH collision, with definition FFS, e.g. overlapped PUSCH occasion, with shared or separate DMRS port, and with same or different scrambling ID
· Rx detection complexity
· Note 1: the supported/recommended payload size from RAN1 perspective may also need to take other factors into account, e.g. use cases, resource utilization.
· Note 2: the WID scope should be strictly followed when using the evaluation results for the comparison of schemes.

Table 2: Link-level evaluation assumptions
	Parameters
	Values

	Scenario
	1) For evaluation of schemes: 200m, UMi, 4 GHz.  FFS: 500m, UMa, 4 GHz.
2) For evaluation of payload size: 200m, UMi, 4 GHz; or 500m, UMa, 4 GHz; or 1732m, RMa, 700 MHz; or 25km, RMa, 700 MHz.
Other values can be reported if applicable. Note: this does not restrict preamble format selection.

	Preamble format
	Company report

	Waveform (data part)
	CP-OFDM, or DFT-s-OFDM

	Subcarrier spacing for PUSCH
	15kHz at 700MHz, 30/60kHz at 4 GHz, 120kHz at 30GHz

	TBS
	1) 56 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size 

	MCS and Resource size
	Company report the MCS, time/frequency resource size, and DMRS overhead.  Strive to agree to some common values in RAN1#96bis.

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or interference from the adjacent PUSCH resource, including how to model relative SINR, timing, etc.

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx. FFS: 2 Tx

	gNB antenna configuration
	2Rx or 4Rx, 8Rx as optional

	Propagation channel & UE velocity
	TDL/CDL-A 30ns, or TDL/CDL-C 300ns, 3km/h or 30km/h

	Timing offset
	Uniform [0, RTT]. 

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	Max number of HARQ transmission
	1 as starting point, other values are not precluded and company should report the details of HARQ

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	Realistic for both channel estimation and TO/FO estimation.
Ideal can be considered for calibration, if needed.

	 Target BLER
	[10%, 1%] for 1st transmission of msgA as starting points. 

	Performance metrics
	1) Missed detection probability vs. SNR for a given false alarm rate, e.g. 0.1%;
2) BLER vs. SNR; MCL can be reported using link budget calculations.
3) Optional: False alarm probability vs. SNR



Appendix: Simulation assumptions submitted to RAN1#96
	Ericsson [R1-1902824]
Link-level evaluation assumptions
	Parameters
	Values
	Rationale

	Carrier Frequency
	4 GHz
	In line with UMi scenario and small cell use case.

	Waveform 
	CP-OFDM and DFT-S-OFDM
	While range is not a primary design factor, supporting DFT-S-OFDM on Rel-15 PUSCH does not seem difficult.

	(data part)
	
	

	Subcarrier spacing
(PRACH and PUSCH)
	30kHz
	Common SCS at 4 GHz

	PRACH preamble
	Format [B1 and B3]
Positioned adjacent to PUSCH as a starting point
	A shorter and a longer preamble format could test different aspects of the design. A preamble with a gap would provide some robustness for adjacent PUSCH.

	PUSCH & DMRS
	Type A, 14 symbol, 
3 symbol Type I DMRS, frequency hopping used
Other configurations not precluded.
	Similar to Rel-15 msg3 configuration

	MCS
	{1/3,1/2,2/3} QPSK and 16QAM as a starting point
	Hopefully a large enough range to capture behaviors likely impacted by code rate and modulation state.

	Transport block size 
	 [10, 20, 40, 60, 75] bytes.
	

	Detection Criteria
	1% maximum mis-detection probability(Note 1)
	In line with NR-U and Rel-15 simulation assumptions.

	
	0.1% maximum false alarm probability(Note 2)
	In line with NR-U and Rel-15 simulation assumptions.

	
	maximum timing estimation error being 50% of the normal CP length in case PRACH is received without PUSCH
	In line with NR-U and Rel-15 simulation assumptions.  Note that if PUSCH is received then timing estimates should be accurate.

	gNB antenna configuration
	2 or 4Rx for 4 GHz as a starting point
	Reflects NR-U assumptions and realistic number of gNB antennas at 4 GHz.

	UE antenna configuration
	1 Tx 
2 Tx optional
	Since 2 Tx could be beneficial in addition to higher MCS in at least RRC_CONNECTED operation since 2 Tx UEs are becoming more common.

	Propagation channel & UE velocity
	CDL-A 30ns and CDL-C 300ns in TR38.901; {3, 30} km/h as a starting point
	TDL channel models do not take into account angle spread, which may lead to optimistic measures of diversity gain with more than 2 antennas.
30 kmph seems a reasonable higher UE speed in small calls. Other speeds could be considered.

	Max number of HARQ transmission
	1 msgA transmission
Optionally: a company reported value 
	msgA retransmission performance should be studied, and the number of retransmissions can be a function of the retransmission mechanism.

	Receiver
	Realistic channel estimation
	

	
	L-MMSE-IRC
	Non-linear receivers may provide further gain and are not precluded from gNB implementation. However, optimizing 2-step RACH for non-linear receivers does not seem necessary.

	
	
	

	Timing offset
	Uniformly distributed in [0, 0.8 µs (corresponding to 200m ISD)] 
	Based on NR-U assumptions, adjusted for 200m ISD

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE
	In line with NR-U and Rel-15 simulation assumptions.

	Traffic model for link level
	Full buffer as starting point. 
	Full buffer should be sufficient for simulations of a single UE

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR
	From NR-U simulation methodology.

	
	False alarm probability vs. SNR(Note 3)
	From NR-U simulation methodology.

	(Note 1) The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.
(Note 2) Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). 
(Note 3) False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.
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