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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]For NOMA related procedures, it was agreed in RAN1#93 that the Rel-15 Configured Grant should be the starting point for all discussions and extensions [1], i.e., 
Agreements:
· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
In RAN1#94, the following agreements were further achieved related to DMRS and MA signature allocation [2]. 
Agreements:
· Consider mechanism to handle or mitigate the collision on MA signature/RS/resource, if needed
· FFS whether the number of configured MA signature/RS/resource from UE perspective can be 1 or multiple
· FFS whether multiple sets of MA signature/RS/resource can be configured to a UE
· For random MA signature (including RS) in LLS, companies report the details of the chosen Option(s):
· Opt 1: Fixed number of UEs, with each UE randomly selects a MA signature from a pre-configured MA signature pool
· Number of potential UEs and the pool size should be reported
· Opt 2: Fixed number of randomly activated UEs, with each potential UE’s MA signature pre-configured.
· Number of potential UEs and the pool size should be reported
· Realistic UE/MA signature detection should be performed.
· DMRS extension, if any
· FFS whether to align the pool size for performance evaluations.
For evaluations of asynchronous transmission, the following assumptions were agreed in RAN1#94 [2]. 
Agreement:
· Determine the value y for the evaluation with non-zero timing offset (including asynchronous)
· For Case 1: y = NCP/2
· For Case 2: y = 1.5*NCP
· For non-zero timing offset (for  asynchronous)
· For all UEs in Case 1 or all UEs in Case 2, TO values for each UE for each transmission are i.i.d from uniform distribution [0, y], and independent between UEs. 
· For mixed sync and async, X% of UEs with zero TO and (100–X)% with non-zero TO.
· X = 80
· Other values are not precluded
· Note: Companies should provide the details of receiver structure and TO estimation. 
In RAN1#94bis, some more agreements on potential study pointes are agreed [3].
Agreements:
· Channel structure consisting of preamble and data can be considered for supporting the asynchronous transmission:
· Preamble in Rel-15 can be considered as the starting point. 
· Additional components can be included if necessary, e.g., the UL channel for assisting the UE detection or GP.
Agreements:
· Study further the case when a UE is configured with one or more set(s) of MA signature/resource 
· FFS principle for MA signature/resource configuration/selection among MA signature/resource belonging to same/different set(s).
· e.g. different MA signatures/resources may be considered for different TBSs/MCSs/retransmissions/UE grouping/measurements, etc.
· FFS signaling 
· FFS how to handle the collision of MA signature/resource
· FFS the mapping between RS and other MA signatures
Following the above agreements, in this contribution, we discuss two aspects, i.e., DMRS/MA signature allocation, and the necessity of asynchronous transmission. For the first part, we compare the collision probability, the UE detection performance, and the BLER performance with joint UE detection and decoding of the two options for DMRS and MA signature allocation, i.e., the random selection and random active. For the second part, we discuss the potential scenarios that may cause UE to transmit in asynchronous state and the corresponding performance degradation.
2 [bookmark: OLE_LINK16]Discussion on DMRS/MA Signature Allocation
Pre-configured DMRS/MA signature and random active
As it has been agreed that NR Rel-15 Configured Grant should be the starting point for NOMA grant-free related procedures, it is natural to consider the way of DMRS and MA signature allocation as that in Configured Grant Type-1 or Type-2. 
Specifically, a gNB detects the UE activity using DMRS detection in GF transmission. To minimize the DMRS collision, the DMRS pattern is configured in a UE-specific way informed by RRC or L1 signaling (depending on the types of GF, Type-1 or Type-2 in NR Rel-15, subclause 6.1.2.3 of TS38.214 [5]).
When NOMA transceiver is applied, its MA signature should be pre-configured together with the DMRS in a UE specific way by a simple extension from the current resource configuration method defined for NR configured grant Type 1 and Type 2. A mapping between the DMRS and MA signature(s) can be built for UE and MA signature identification based on the DMRS detection. 
For instance, assuming there are N potential UEs in the network, by defining N DMRS ports , and assigning one for each potential UE i, the collision of DMRS during Grant-free access can be completely avoided. Then by defining MA signature pool of the same size N, a one-to-one mapping between DMRS index and MA signature is possible, which completely avoids MA signature collision. In case the MA signature pool size is less than N, the MA signatures can be repeated to obtain the desired pool size. Some examples of mapping between DMRS and MA signature are given in Figure 1.
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Figure 1 Illustrative examples of DMRS index to MA signature mapping under pre-configuration.
Following the pre-configuration assumption for DMRS and MA signature allocation, the UEs are randomly active and transmit with their pre-configured DMRS ports and MA signatures, depending on their traffic arrivals. Similarly, in the LLS and SLS evaluations, we can assume Si is assigned to UEi without loss of generality. Assume in the first instance UE1 and UE2 are active, which means MA signatures S1 and S2 are active. In the next instance, UE4, UE7 and UE11 are active, which means MA signatures S4 and S7 and S11 are active. Note that although the set of active MA signatures are random due to random packet arrivals, the association between DMRS and MA signature for each UE does not change over the time unless reconfigured by RRC. This way of signature selection is so-called Random Active, which is Option 2 in the assumptions of ‘random selection’.
Pre-defined pool and random selection
Note that there was discussion about an alternative way of DMRS and MA allocation, i.e., to pre-define a pool of DMRS and/or MA signatures and the UEs can randomly select one from the pool when it has data to transmit. As will be discussed in section 2.3, the DMRS collision probability of random selection is always larger than 0 and is much higher than that of random active. As a simple example, even when there are only M=4 active UEs transmitting with a pool of L=6 and 12 DMRS/MA signatures, collision would happen with probability 72% and 43%, respectively. This will severely decrease the grant-free transmission reliability and also result in very low resource utilization efficiency as more resources need to be consumed for retransmission. 
2.1 Discussion on DMRS collision probability
In this section, we give a more general comparison of DMRS/MA signature collision between random active (i.e. Option 2) and random selection (i.e. Option 1) below, where the detailed derivation of the formulas are stated in R1-1810118 [4]. Assume there are N potential UEs and the DMRS/MA signature pool size is L, and there is one-to-one mapping between the DMRS port to MA signature, so the collision analysis here is mainly for DMRS collision. 
1) For random active (i.e. Option 2), when M UEs are active, the collision probability of any two UEs that are pre-configured with the same DMRS/MA signature is 
.
2) For random selection (i.e. Option 1), when M UEs are active, the collision probability of any two UEs that select the same DMRS/MA signature is 
.
From the above formulas, it can be easily concluded that the collision probability with random active (i.e. Option 2) is always less than the random selection (i.e. Option 1):
  .
Also, it can be observed that when the number of potential UEs is less than or equal to the DMRS/MA signature poor size, there is no collision for random selection (i.e. Option 2). However, even in this case, random selection (i.e. Option 1) always has severe collision. Some example values are listed in Table 1. 
[bookmark: _Ref525806950]Table 1 Examples of collision probability under random active and random selection.
	Potential UE 
N
	Active UE 
M
	Resource configuration mode
	Pool size L

	
	
	
	12
	24
	48

	12
	4
	Random active
	0
	0
	0

	
	
	Radom selection
	0.43
	0.23
	0.12

	24
	6
	Random active
	0.56
	0
	0

	
	
	Random selection
	0.78
	0.49
	0.28

	48
	8
	Random active
	0.91
	0.5
	0

	
	
	Random selection
	0.95
	0.73
	0.46



Note that for even with pool size L=48, the collision probability of 4 active UEs is still larger than 10%. To keep low collision probability, unnecessarily large pool size is needed, as shown in Table 2. It is noted that very large pool size should be avoided, in order to ensure sufficiently good UE detection performance and reasonable detection complexity.
Table 2 Examples of pool size to keep the collision probability below 0.1 for random selection.
	
	2 Active UE
	4 Active UE
	6 Active UE
	8 Active UE

	collision probability = 10%
	10
	59
	145
	269

	collision probability = 1%
	101
	599
	1495
	2789

	collision probability = 0.1%
	1001
	5999
	14995
	27989



Observation 1: There is no DMRS collision problem with random active case (i.e., Option 2) when the number of potential UEs is not larger than the DMRS pool size; while the probability of DMRS collision is always above zero for random selection case (i.e., Option 1).
Observation 2: The DMRS collision probability in the case of random selection (i.e., Option 1) is always larger than that with random active case (i.e., Option 2). 
Observation 3: The DMRS collision probability of 4 active UEs with a DMRS pool size 48 is still beyond 10% in the case of random selection (i.e., Option 1). And in order to keep the collision probability below 10%, the pool size needs to exceed 59, 145, and 269 for 4, 6, and 8 active UEs, respectively.
2.2 Discussion on UE detection
When it comes to UE detection performance by gNB, it is important to note that both misdetection and false-detection need to be considered jointly. Misdetection refers to the probability of gNB not detecting a UE while the UE is transmitting. False-detection refers to the probability of gNB detecting a UE while the UE is not transmitting. When misdetection occurs, the corresponding UE’s data is not received by the gNB. When false-detection occurs, gNB will schedule a retransmission for the falsely detected UE, which has no data to transmit. The retransmission may be scheduled by a grant onto a set of PRBs not shared by other UEs, in order to have better data reception performance. For the falsely detected UE, the PRB scheduled by gNB for the retransmission is thus wasted since there is no data to transmit by the UE. It should be noted that gNB may schedule multiple retransmission for each false detection occurrence, which further increases the network resource waste. 
Typically, a detection threshold is employed at the gNB for blind UE detection. The detection threshold is set to meet a certain false alarm rate (FAR) requirement. Due to the severe impact on network performance caused by false detection, the detection threshold should be set to achieve a sufficiently low FAR, e.g. 1% FAR as in the design of LTE/NR HARQ-ACK and SR. In practice, network may set the detection threshold even more conservatively to have FAR lower than 1%.  
In the following, we investigate the misdetection performance with a detection threshold set for 1% FAR. The simulation assumptions are listed in Table A-1 in the Appendix. Specifically, normal PUSCH channel structure is considered with 1 slot of 14 symbols as one transmission duration, among which 2 or 4 front-loaded symbols are used for DMRS. The DMRS pool size is thus 24 or 48, which are generated by simple extension from the Rel-15 NR DMRS configuration Type 2 as explained in Table A-1. The threshold for UE detection in the system is set assuming at most 6, 8, or 10 UEs will be active, respectively.
	[image: C:\Users\z00385904\AppData\Roaming\eSpace_Desktop\UserData\z00385904\imagefiles\4654DA83-3FC6-4558-84A3-368EB4378FBB.png]
	[image: C:\Users\z00385904\AppData\Roaming\eSpace_Desktop\UserData\z00385904\imagefiles\772AFF1B-E4C3-4084-97E5-C779D974FAE8.png]

	a) TO=0, Pool size=24 (2 symbol DMRS)
	b) TO=0, Pool size=48 (4 symbol DMRS)


Figure 2 UE detection performance for random active and random selection. The system threshold for UE detection is set assuming maximum 6, 8, 10 active UEs respectively. 
It can be observed from Figure 2 that 
· In the case of DMRS pool size 24 and 24 potential UEs
· Random active (Option 2) with 6, 8, and 10 UEs shows similar misdetection performance and do not have error floor. Random selection (Option 1) shows error floor in misdetection performance (around 10%) even for 6 active UE case, and the detection performance in this case becomes worse with the increased number of active UEs.
· About 10dB performance degradation at 10% misdetection rate can be observed for 6 active UEs, comparing random selection (Option 1) with random active (Option 2), and even larger gaps can be observed for the cases with 8 and 10 active UEs.
· In the case of DMRS pool size 48 and 48 potential UEs
· Random active (Option 2) with 6, 8, and 10 UEs shows similar misdetection performance and can all reach down to 0.1% misdetection rate. Random selection (Option 1) shows error floor in misdetection performance (around to 5%) even for 6 active UE case, and the detection performance in this case becomes worse with the increased number of active UEs.
· About 8dB performance degradation at 10% misdetection rate can be observed for 6 active UE case, comparing random selection (Option 1) with random active (Option 2), and even larger gaps can be observed for 8 and 10 active UE cases.
It is noted that the UE detection error floor for random selection depends on the pool size and the number of active UEs. Thus, even if extra time-frequency resource is used for a preamble transmission, the UE detection error floor for random selection remains similar as shown in Figure 2. 
Observation 4: UE detection performance is significantly worse for random selection (i.e., Option 1) compared to random active (i.e., Option 2), due to the nature of contention based transmission for random selection and its unavoidable UE collisions.
2.3 Discussion on BLER performance
In this subsection, we compare the BLER performance of random selection (i.e., Option 1) and random active (i.e., Option 2) under the same assumptions for the number of potential UEs, the number of active UEs, and the pool size for DMRS/MA signatures (assuming one to one mapping between DMRS and MA signature). Realistic UE detection and realistic channel estimation based on DMRS are considered. In particular, we consider pool size 24 and 48 with 2 symbols and 4 symbols DMRS overhead in Figure 3-a) and 3-b), respectively. The way of DMRS extension to derive the pool of 24 and 48, as well as the way to set the system UE detection threshold are the same as that in Section 2.2. 
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	a) TO=0, Pool size=24 (2 symbol DMRS) with SCMA and chip EPA
	b) TO=0, Pool size=48 (4 symbol DMRS) with SCMA and chip EPA
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	c) TO=0, Pool size=24 (2 symbol DMRS) with MUSA and block MMSE
	d) TO=0, Pool size=48 (4 symbol DMRS) with MUSA and block MMSE


Figure 3 BLER performance with realistic UE detection and decoding for random active and random selection. The system threshold for UE detection is set assuming maximum 6, 8, 10 active UEs respectively. 
It can be observed from Figure 3 that 
· In the case of DMRS pool size 24 and 24 potential UEs
· Random active (Option 2) with 6, 8, and 10 UEs shows similar BLER performance and do not have error floor. Random selection (Option 1) shows error floor (above 10%) in BLER performance even for 6 active UE case.
· In the case of DMRS pool size 48 and 48 potential UEs
· Random active (Option 2) with 6, 8, and 10 UEs shows similar BLER performance and do not have error floor. Random selection (Option 1) show error floor in BLER performance for 6, 8, and 10 active UE cases.
· Around 4dB performance degradation at BLER=0.1 can be observed for 6 active UE case, comparing random selection (Option 1) with random active (Option 2), and even larger gaps can be observed for 8 and 10 active UE cases.
· Comparing Figure 3-a) and b) with Figure 3-c) and d), the degraded performance for random selection does not rely on specific NOMA schemes or specific type of receivers.
Observation 5: The BLER performance with realistic UE detection and multi-user decoding is significantly degraded for random selection (i.e., Option 1) compared to random active (i.e., Option 2).
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	a) TO=0, Pool size=24 (2 symbol DMRS)
	b) TO=0, Pool size=48 (4 symbol DMRS)


Figure 4 BLER performance with realistic/ideal UE detection for random selection. 
The BLER results in Figure 3 assume realistic UE detection and decoding. The error floor or the much degraded BLER performance for random selection is inherently due to the unavoidable UE collision. In order to show this, we further analyze the BLER performance for random selection with realistic/ideal UE detection in Figure 4. By ideal UE detection, we assume the set of used DMRS is always perfectly detected by the gNB, which represents the upper bound performance of random selection. Figure 4 shows that the BLER performance for random selection improves a bit with ideal UE detection, but the overall performance and error floor remains. This demonstrates that random selection and its contention based nature is not suitable for data transmission with NOMA. 
Observation 6: Due to its nature of contention based transmission and unavoidable UE collisions, random selection (i.e., Option 1) is not suitable for data transmission with NOMA.
2.4 Discussion on system implementation
Random selection not only has huge impact on the overall network performance (as shown in section 2.3), but also has large impact on the network side design and implementation. In the following, we discuss about some potential issues of the random selection from system implementation aspects.
· Issues for HARQ retransmission and combining: As discussed above, the problem of random selection is there is always possibility of UE collision even if the potential number of users is less than the total number of available DMRS/preamble. Procedure-wise, gNB is not aware of the identity of the user until it successfully decodes the payload and obtains the UE ID from it. When the DMRS/preamble collision occurs, it significantly affects the data decoding mainly because channel estimation performance is very much degraded due to pilot contamination. In this case, gNB cannot obtain the identity of the colliding users in one transmission. This means the combining of different transmissions is not possible at the gNB and each transmission should be treated separately, i.e. no HARQ operation at physical layer. Without HARQ, in order to ensure sufficiently low packet misdetection at physical layer, conservative MCS needs to be used for every transmission. This consequently requires much more radio resources compared to the case with HARQ applied in physical layer. 
· Requiring contention resolution: The other issue with random selection is, even if all active UEs use different DMRS/preamble in a particular transmission, the gNB has no idea about this and still needs to assume there may be more than one UE transmitting on each detected DMRS/preamble. This means that in order to receive each UL transmission with random selection, the network has to follow up with a contention resolution, which consumes more radio resources.
With proper pre-configuration of DMRS to the UEs, the DMRS collision can be completely avoided, which leads to much better performance by avoiding pilot contamination and taking advantage of HARQ combining, less receiver complexity and simpler system implementation and less signaling by avoiding contention resolution procedures. 
Observation 7: Random selection (i.e., Option 1) would cause issues for HARQ retransmission/combing and would need contention resolution, compared with random active (i.e., Option 2).
As a summary, from all the discussions in section 2.1 to 2.3, we have the following proposals.
Proposal 1: Conclude that random selection is not recommended for NOMA 

3 [bookmark: _GoBack]Discussion on Asynchronous UL Data Transmission
3.1 Discussion on scenarios
Legacy NR TA adjustment mechanism 
A complete TA adjustment procedure in NR Rel-15 [6] consists of two stages: an initial TA adjustment in the RACH procedure and a closed-loop TA update:  
· During the initial TA adjustment stage, a gNB detects a time offset based on the preamble that a UE sends in Step#1 RACH procedure, and reads the TA indication contained in the RAR in Step#2 of the RACH procedure.  
· During the closed-loop TA update stage, a gNB measures a time offset based on UE’s UL signals and sends the UE the indication of TA update in the MAC CE. 
Usually, the close-loop TA update stage can be easily maintained throughout the active time of a UE by gNB measuring many types of UL signals, such as PUCCH, SRS and PUSCH. In this way, a UE TA drift due to mobility or varying environment is compensated in time. When a gNB fails to maintain the TA, it will re-initialize the RACH procedure for the UE to enter into the initial-TA-adjustment stage, or it can trigger a PDCCH order for UE to send dedicated preamble for UL synchronization without contention. 
Such a TA maintenance procedure has worked effectively (in the commercial fields) in all the existing multi-carrier OFDM waveform[footnoteRef:1] based systems to avoid the inter-symbol interference (ISI) to the UEs transmitting on neighboring subcarriers and the residual TO remains at a negligible level. [1:  DFT-s-OFDM is also a multi-carrier waveform which offers single carrier property by applying the transform precoding before symbols-to-REs mapping.] 

Observation 8: The existing TA maintenance procedure defined in R15 can effectively synchronize the UEs to have a negligible residual TO. 
Non-negligible residual TOs
Hypothetically, if we assume the TA adjustment procedure could not be performed completely, i.e., the closed-loop TA update could not be performed in time, we shall discuss under which condition there will be non-negligible residual TOs, i.e., TO>CP. 
Firstly, for any UE with high reliability requirement such as in URLLC scenario, the TA adjustment procedures should anyway be maintained.
Then, for eMBB scenarios with typical ISD of 200m and 500m, the worst case TO is less than a normal CP, as indicated in the following Table. 
Table 2 Worst case TO over Normal CP (NCP) in different cells @ 15KHz SCS
	Cell ISD
	Worst case TO / NCP @ 15KHz SCS

	Small (200m)
	16%

	Medium (500m)
	40%


Further, even for mMTC scenario with large ISD, if a UE is fixed (e.g., like 80% of the mMTC devices deployed indoor), the initial TA adjustment from RAR can still be used for the UE to operate in the synchronous mode. It is noted that the UE has to wake up from time to time and synchronize to the DL signals for RRM measurement. Thus, the oscillator drift should have been compensated by UE already.
Finally, only the UEs that are moving rapidly in the large ISD cells may counter with non-negligible residual TOs, for which the percentage is less than 20% given the agreed SLS evaluation assumptions. In summary, due to limited potential applicable use cases and percentage of applicable UEs, and due to the performance degradation compared to synchronous transmission, it is not worthwhile to pursue design for asynchronous transmission in the NOMA SI. 
Observation 9: For use cases in NR Rel-16 eMBB, URLLC and mMTC, no motivation is observed to consider asynchronous UL data transmission.
3.2 Discussion on BLER performance
In this subsection, we compare the BLER performance for synchronous (TO=0) and asynchronous transmission (Case 1 maximum TO=0.5CP and Case 2 maximum TO=1.5CP) with realistic UE detection, TO estimation, channel estimation, and multi-user detection. The threshold for UE detection in the system is set assuming at most 4, 6, 8 UEs will be active, respectively. DMRS pool size 24 is considered for the evaluation with two types of DMRS extension with 2 symbol and 4 symbols overhead, respectively, as explained in Table A-2. Note that for maximum TO=1.5CP case, extra complexity is required in the receiver to support 2 IFFT windows and time domain successive interference cancellation (SIC). 
Moreover, random selection (i.e., Option 1) and UE specific pre-configuration with random active (i.e., Option 2) are both investigated under the same assumptions for the number of potential UEs, the number of active UEs, and the pool size for DMRS/MA signatures (assuming one to one mapping between DMRS and MA signature). More detailed parameters are listed in Table A-2. 
It can be observed from Figure 5 that 
· In the case of DMRS pool size 24 and 24 potential UEs with 2 symbol DMRS overhead, for TO=0 and maximum TO=0.5CP, 
· For TBS=20 bytes, random active (Option 2) with 4, 6, 8 UEs shows similar BLER performance and do not have error floor. Random selection (Option 1) could not reach BLER=0.1 even for 4 active UE case. 
· For TBS=60 bytes, random active (Option 2) with 4, 6, 8 could achieve BLER=0.1, while random selection (Option 1) could not reach BLER=0.1 even for 4 active UE case.
· In the case of DMRS pool size 24 and 24 potential UEs with 4 symbol DMRS overhead and maximum TO=1.5CP,
·  Random active case (Option 2) could reach BLER=0.1 for both TBS of 20 and 60 bytes. The performance degradation compared with the case of TO=0 is about 1 dB in 20bytes case for 4, 6, 8 active UEs. For 60 bytes, the performance degradation compared with the case of TO=0 is about 1 dB and 2 dB for 4 and 6 active UEs respectively, and the degradation increases with number of active UEs.
· Random selection case (Option 1) still could not reach BLER=0.1 for both 20 and 60 bytes.
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	a) Random active, TBS 20Bytes with SCMA and chip EPA hybrid PIC
	b) Random active, TBS 60Bytes with SCMA and chip EPA hybrid PIC
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	c) Random active, TBS 20Bytes with MUSA and Block MMSE hard SIC
	d) Random active, TBS 60Bytes with MUSA and block MMSE hard SIC
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	e) Random selection, TBS 20Bytes with MUSA and Block MMSE hard SIC
	f) Random selection, TBS 60Bytes with MUSA and Block MMSE hard SIC 


Figure 5 BLER performance comparison for synchronous and asynchronous transmission with random active (Option 2) and random selection (Option 1) of DMRS, pool size 24.
The BLER results in Figure 5 assume realistic UE detection and decoding. In Figure 6, we further analyze the BLER performance for random selection with realistic/ideal UE detection, for asynchronous case with maximum TO=1.5CP. By ideal UE detection, we assume the set of used DMRS is always perfectly detected by the gNB, which represents the upper bound performance of random selection. Figure 6 shows that the BLER performance for random selection improves a bit with ideal UE detection for TO=1.5CP and 4 DMRS symbols, but the overall performance and error floor remains. This demonstrates that random selection and its contention based nature is not suitable for data transmission with NOMA.
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	a) Random selection, TBS 20Bytes with MUSA and Block MMSE hard SIC
	b) Random selection, TBS 60Bytes with MUSA and Block MMSE hard SIC


Figure 6 BLER performance with realistic/ideal UE detection and decoding with maximum TO=1.5CP under random selection (Option 1) of DMRS, pool size 24. 
Observation 10: For random active, the BLER performance with realistic UE detection and multi-user decoding for asynchronous grant-free transmission with maximum TO=1.5CP is degraded compared to that for synchronous grant-free transmission. The degradation is very large for larger TBS and higher number of active UEs.
Observation 11: For random selection, the BLER performance with realistic UE detection and multi-user decoding for asynchronous grant-free transmission with maximum TO=1.5CP cannot reach BLER=0.1, even for small number of active UEs. 
Proposal 2: Conclude that asynchronous transmission with TO larger than CP is not recommended for NOMA.
4 Discussion on preamble+data structure
There are proposals to use the structure of preamble+data for random selection and/or asynchronous transmission. It is noted that the structure of preamble+data consumes double the time-frequency resource, since one slot is used for preamble transmission and another slot used for data transmission. Thus, when compared to the regular one-slot DMRS+data transmission, there will be another 3dB BLER performance loss, due to doubling the required time-frequency resource for preamble+data.
Note that the use of preamble is to provide better UE detection performance. However, as shown in figure 4 and 6, even with ideal UE detection, the BLER performance for random selection is still not acceptable, due to the unavoidable UE collisions. Thus, random selection is not recommended for NOMA, as discussed in previous sections.
For random active, the preamble+data structure may be viewed as equivalent to a DMRS+data structure with 50% DMRS overhead. Based on prior studies in DMRS design for LTE and NR, such a large DMRS percentage is not suitable for BLER performance, since the coding rate for the data part is increased.
Considering all of the above, we have the following proposal.
Proposal 3: Conclude that the structure of preamble+data is not recommended for NOMA.

5 Conclusions 
In this contribution, we discussed DMRS and MA signature allocation and transmission, the misdetection performance for UE detection at given false alarm rate, as well as the BLER performance with realistic UE detection and multi-user decoding are compared between random selection (Option 1) and random active (Option 2). Moreover, whether it is necessary to consider asynchronous transmission in Rel-16 NOMA study were also discussed in terms of application scenarios and BLER performance with different TO assumptions. 
Based on the discussions, we obtain the following observations.
Observation 1: There is no DMRS collision problem with random active case (i.e., Option 2) when the number of potential UEs is not larger than the DMRS pool size; while the probability of DMRS collision is always above zero for random selection case (i.e., Option 1).
Observation 2: The DMRS collision probability in the case of random selection (i.e., Option 1) is always larger than that with random active case (i.e., Option 2). 
Observation 3: The DMRS collision probability of 4 active UEs with a DMRS pool size 48 is still beyond 10% in the case of random selection (i.e., Option 1). And in order to keep the collision probability below 10%, the pool size needs to exceed 59, 145, and 269 for 4, 6, and 8 active UEs, respectively.
Observation 4: UE detection performance is significantly worse for random selection (i.e., Option 1) compared to random active (i.e., Option 2), due to the nature of contention based transmission for random selection and its unavoidable UE collisions.
Observation 5: The BLER performance with realistic UE detection and multi-user decoding is significantly degraded for random selection (i.e., Option 1) compared to random active (i.e., Option 2).
Observation 6: Due to its nature of contention based transmission and unavoidable UE collisions, random selection (i.e., Option 1) is not suitable for data transmission with NOMA.
Observation 7: Random selection (i.e., Option 1) would cause issues for HARQ retransmission/combing and would need contention resolution, compared with random active (i.e., Option 2).
Observation 8: The existing TA maintenance procedure defined in R15 can effectively synchronize the UEs to have a negligible residual TO. 
Observation 9: For use cases in NR Rel-16 eMBB, URLLC and mMTC, no motivation is observed to consider asynchronous UL data transmission.
Observation 10: For random active, the BLER performance with realistic UE detection and multi-user decoding for asynchronous grant-free transmission with maximum TO=1.5CP is degraded compared to that for synchronous grant-free transmission. The degradation is very large for larger TBS and higher number of active UEs.
Observation 11: For random selection, the BLER performance with realistic UE detection and multi-user decoding for asynchronous grant-free transmission with maximum TO=1.5CP cannot reach BLER=0.1, even for small number of active UEs. 
Based on the above observations, we have the following proposals.
Proposal 1: Conclude that random selection is not recommended for NOMA 
Proposal 2: Conclude that asynchronous transmission with TO larger than CP is not recommended for NOMA.
Proposal 3: Conclude that the structure of preamble+data is not recommended for NOMA.
Proposal 4: Capture all the above observations into TR.
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Appendix
Table A-1 Common evaluation parameters for Figure 2 and 3.
	Parameters
	Values or assumptions

	Scenario
	mMTC

	Waveform
	CP-OFDM

	Numerology
	14 OS slot, 2/4 OS DMRS overhead

	Transmission Bandwidth
	6RB

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	TDL-A 30ns, 3km/h

	TO/FO
	No

	SNR distribution of Multiple UEs
	Unequal SNR

	Number of active UEs
	6, 8, 10

	Number of potential UEs
	24 / 48 (the same as DMRS pool size)

	TB size (bytes)
	20

	Advanced receiver
	Chip EPA hybrid PIC and block MMSE hard SIC

	MA signature allocation and transmission
	Preconfigured and random active (i.e. Option 2) and Random selection (i.e., Option 1)

	DMRS extension
	Pool size 24: NR DMRS Type 2 with 2 symbol overhead and length-4 FD OCC
Pool size 48: NR DMRS Type 2 with 4 symbol overhead and length-4 FD OCC



Table A-2 Evaluation parameters for Figure 5 and 6.
	Parameters
	Values or assumptions

	Scenario
	mMTC

	Waveform
	CP-OFDM

	Numerology
	14 OS slot, 2 OS DMRS overhead

	Transmission Bandwidth
	6RB

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	TDL-A 30ns, 3km/h

	TO/FO
	No

	SNR distribution of Multiple UEs
	Unequal SNR

	Number of active UEs
	4, 6, 8

	Number of potential UEs
	24 (the same as DMRS pool size)

	TB size (bytes)
	20 / 60

	Advanced receiver
	Chip EPA hybrid PIC and block MMSE hard SIC
In the case that the maximum TO=1.5 CP, extra complexity is added to consider 2 IFFT windows and time domain SIC

	MA signature allocation and transmission
	Preconfigured and random active (i.e. Option 2) and Random selection (i.e., Option 1)

	DMRS extension
	Pool size 24: 
Option 1: NR DMRS Type 2 with 2 symbol overhead and length-4 FD OCC
Option 2: NR DMRS Type 2 with 4 symbol overhead and length-2 FD OCC
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