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1 Introduction
At the RAN1#86 meeting, the following agreements were achieved in agenda 8.1.2.2 (Multiple access) for autonomous/grant-free/contention based UL non-orthogonal multiple access:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC

· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

· Continue study at least the following: 

· Handling of  potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· Continue study at least the following: 

· Handling of  potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis

· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 

· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered 

· The proposed DMRS pattern(s), if any, for channel estimation

· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.

· FFS: DMRS contamination due to inter-cell interference

· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access

· Note: companies report the DMRS settings used for the LLS/SLS evaluation.
In this contribution, we provide our views and preliminary SLS evaluation results for grant-free UL non-orthogonal multiple access mainly targeting for UL mMTC scenario. Our LLS evaluation results are shown in [1].
2 Motivations for NOMA and grant-free multiple access
At the RAN plenary #72 meeting, it was agreed that NB-IoT and eMTC should be used as the reference benchmark for assessing the performance of new proposals according to mMTC use case [2]. From this agreement, there are mainly two motivations for investigation on mMTC as follows:
1. Capacity enhancement:
The target of connection density for mMTC is 1,000,000 devices/km2 in urban environment as described in [3]. Therefore, firstly RAN1 should investigate multiple access technology to satisfy this requirement for mMTC scenario. For the purpose of capacity enhancement, non-orthogonal multiple access (NOMA) and/or multi user (MU)-MIMO may be good candidates. However, as some contributions pointed out (e.g. [4]), NB-IoT and eMTC may be able to satisfy this requirement if larger bandwidth is utilized for those systems (e.g. 3 or 4 PRBs instead of 1 PRB). The assumption about allocated BW for mMTC is not clear yet, but for fair comparison, the same system/allocated BW should be considered between mMTC and reference system (e.g. NB-IoT/eMTC).
2. Reduced control channel overhead:
For this purpose, two potential issues need to be taken into account as follows. 
· The first issue is to reduce UL grant for NOMA/MU-MIMO. For orthogonal multiple access, only one device is allocated to the certain time and frequency resources. On the other hand, for NOMA/MU-MIMO, multiple UEs can share the same time and frequency resources. This means that signaling overhead due to the UL grant would increase according to the number of multiplexed UEs. For example, in 300% overloading case, the UL grant would increase by 300% compared to that in 100% overloading case if there is no any overhead reduction scheme.
· The second issue is to reduce signaling overhead related to RACH procedure, i.e. signaling overhead necessary to accomplish and/or keep RRC connectivity. For small packet transmission such as IoT, the case where the ratio of DL control channel is larger than the UL data packet size may happen. Therefore, singling overhead related to the RACH procedure would be serious when massive deceives try to access the network.
Currently, it seems that RAN1 focus on the second issue, i.e. how to reduce signaling overhead related to RACH procedure to accommodate massive number of users (sensors). Grant-free NOMA without RACH procedure may be a good candidate for this issue. However, it is challenging that such scheme improve the capacity at the same time. Since each UE may autonomously select the UL physical resources to transmit the data, time/frequency scheduling gain cannot be obtained by grant-free NOMA. Furthermore, since each UE may autonomously select the MCS value without UL grant, optimal MCS according to the channel environment cannot be utilized. If the second motivation, i.e. reduction of control channel, is only targeted, grant-free NOMA can be further investigated. However, if the first motivation, i.e. capacity enhancement, is also intended to achieve, grant-based NOMA and UL grant reduction should be also investigated.
Observation 1: 

· Grant-free multiple access can reduce signaling overhead, but it is challenging for such scheme to improve the capacity compared with NB-IoT/eMTC.

Proposal 1: The requirements for mMTC should be further clarified.

Proposal 2: If capacity enhancement is needed for mMTC, both grant-based and grant-free NOMA should be investigated 

3 Grant-free NOMA
3.1 UL physical resources and transmission format
For grant-free transmission, UL physical resources can be statically or semi-statically preserved as shown in Fig. 1. Grant-free transmission should be performed only within those preserved resources to avoid interference to other systems. The users can transmit the UL signal in randomly chosen physical resources or semi-statically allocated/determined resources, e.g. by SPS. When a packet collision happens, simpler approach is to rely on retransmissions. If the packet collision happens often, the amount of UL resources for grant-free transmission will be adjusted by the NW.
In order to actualize the UL grant-free transmission, the corresponding UL transmission format and procedures are the key. Our initial considerations are explained below. For the transmission format, a set of preamble, UL control channel, and data transmissions is considered as shown in Fig. 2. The functionality of each channel is described below.
· Preamble: used for BS to detect UL signal transmission. Preamble sequence may be different depending on whether RACH procedure is completed or omitted.

· UL control channel: used to carry ID to identify UE, buffer status report, UL control information, etc. A robust channel design against a collision may be necessary.
· Data transmission: to carry URLLC data and small packet. Collision handling for data channel may be needed. For example, code division multiplexing (CDM) and non-orthogonal multiplexing can be considered.
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Figure 1. UL physical resources for grant-free transmission
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Figure 2. Example of transmission format for grant-free transmission
3.2 Retransmission scheme
Different transmissions from different users would collide if the same physical resources and/or MA signatures were selected. The collision probability increases when traffic load increases. Retransmission is one of efficient ways to handle the impact caused by collisions. Firstly, in order to reduce the collision probability in retransmissions, a back-off time could be introduced before retransmitting the data. As an example in Fig .3, a random back-off time is considered after last failed transmission. Thereby, collision of retransmissions of users whose last transmissions collide would be lowered. Note that several ACK/NACK mechanisms can be considered for grant-free transmission. One way is explicit ACK/NACK signaling from gNB via DL control channel. The other is implicit signaling, i.e. if there is no ACK response from gNB within a certain time, the user can implicitly recognize NACK response.
Secondly, in order to improve the successful detection rate, data of multiple transmissions could be combined. As an example in Fig. 4, for the retransmissions of a grant-free UE, the back-off time among different transmission instants could be configured by gNB. Thereby, signal of initial transmission and retransmission(s) could be combined to improve the successful rate of detection. Although there may be benefits for signaling combining by retransmission, there is some difficulty on such signal combining at gNB side. For example, who will retransmit and when will data be retransmitted may need to be known at gNB. Therefore, more investigations on the retransmission schemes for grant-free multiple access need to be considered. 
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Figure 3. Retransmission scheme for grant-free multiple access
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Figure 4. Example of signaling combining among (re)transmissions for grant-free multiple access
3.3 Link adaptation scheme
For grant-free transmission, link adaptation is important in terms of improving spectrum efficiency, as well as reducing collision probability. Adaptive MCS selection for grant-free transmissions could be very beneficial for improving spectrum efficiency. However, since it is expected that there is no dynamic signaling between gNB and users in grant-free, fast link adaptation like LTE may be very difficult. Therefore, slow adaptive MCS selection based on DL geometry, e.g. RSRP, could be taken into account for grant-free multiple access. As an example in Figure 5, a grant-free user measures the reference signal in DL, e.g. RSRP, and determines the MCS from a preconfigured MCS set for grant-free transmission. For example, MCS is determined according to RSRP of a user from {MCS_i}, where i is index of MCS and can be preconfigured. 
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Figure 5.  Example of slow adaptive MCS selection based on geometry for grant-free multiple access
3.4 Switching between grant-free and grant-based scheme
Especially in high traffic scenario, it may occur that some UL signals from the users cannot be detected at the gNB within required transmission time due to UL signal collision. To pick up such users, switching mechanism between grant-free and grant-based transmission could be considered. One simpler way is to indicate either grant-based or grant-free by explicit signaling, e.g. broadcast channel. Other idea is adaptive switching as shown in Fig.6. In this example, initial (default) transmission scheme is grant-free, but the UE can switch to grant-based transmission by some trigger, e.g. N-times consecutive NACK. (In Fig.6, an example with N=2 is shown.) By utilizing such scheme, transmission scheme can be adaptively switched in a per UE manner according to the traffic load.
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Figure 6. Adaptive switching between grant-free and grant-based transmission
4 Preliminary SLS evaluation
In this section, we provide some SLS evaluation results. Especially, in order to obtain the insight of the grant-free transmission, we investigate the impact of the following parameter/scheme on the performance.
· Packet drop time
· Fixed or adaptive MCS selection
· Different retransmission (HARQ) method (Signal combining or no combining)
· Impact of channel estimation
4.1 Simulation assumptions
The system-level simulations are conducted with UL mMTC scenario in urban coverage for massive connection. The detailed simulation parameters are shown in Table A-I in the Annex A. We assume 1 x 2 antenna configuration in UL transmission. When in grant-free transmission, different users can be multiplexed non-orthogonally without or with orthogonal sequences spreading. At receiver side, ideal SIC receiver with linear MMSE-IRC are adopted. In the evaluations, MAR traffic model as in [5] with variable packet size 20~200 bytes or fixed packet size 40 bytes are considered. Packet dropping is modeled by packet dropping time. For performance metrics, packet drop rates with given packet arrival rates are evaluated. 
4.2 SLS evaluation results
· Performance with target packet drop rate (PDR) and packet drop time
Figure 7 show the system packet drop rate (PDR) with different packet arrival rates (PAR), with ideal channel estimation. We assume two options of packet size, fixed packet size with 40 bytes and variable packet size with 20~200 bytes. For grant-free transmissions of different users, the user randomly selects physical resources. Besides, orthogonal spreading sequences can be randomly selected by users from the resource pool with spreading length = 4. For retransmission, signal combining is assumed. Adaptive MCS with limited MCS levels, i.e. MCS # {5, 8, 11, 16} is used in the simulation. Packet drop time is set as 1 s or 10 s. Note that the detail of evaluation results, CDF of effective SINR and per-user PDR are shown in Annex B. From the results, we can observe that PDR increases with higher packet arrival rates for both options of packet size. With 10 s packet drop time, PDR is lower than that with 1 s packet drop time, especially for higher packet arrival rate. Since traffic in mMTC scenario may be latency-tolerated, larger packet drop time could be more beneficial. With around 0.25 and 0.95 of PAR, grant-free with non-orthogonal multiple access can achieve about 1% and 10% PDR, for 10 s packet drop time. Furthermore, Fig.8 show the system PDR v.s. resource utilization factor when assuming 10 s packet drop time. From the results, we can observe that the system PDR performance is almost the same regardless of the packet size when the same resource utilization factor is assumed.
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Figure 7 System PDR vs PAR at given total allocated bandwidth
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Figure 8. sytem PDR vs Resource utilization (RU)
Observation 2: 

· Packet drop time significantly affects the system performance of grant-free transmission.
· With 10 s packet drop time, PDR is lower than that with 1 s packet drop time, especially for higher packet arrival rate.
Observation 3: 

· System PDR performance is almost the same regardless of the packet size when assuming the same resource utilization factor.
· Performance of different MCS methods

Figure 9 shows the system PDR v.s. PAR with different MCS selection methods. Variable packet size with 20~200 bytes is adopted. In the simulations, fixed MCS and adaptive MCS are considered. Note that adaptive MCS scheme is described in section 3.3. For fixed MCS cases, fixed MCS #5 or MCS #8 are assumed. For adaptive MCS cases, three different options are assumed, i.e. Option 1 MCS # {5, 8, 11}, Option 2 MCS # {5, 8, 11, 16}, and Option 3 MCS # {5, 8, 11, 13, 16, 18}. From the figure, we can observe that adaptive MCS for grant-free achieves better performance of PDR compared to that with fixed MCS. With higher traffic load, the performance gap becomes larger. For adaptive MCS cases, PDR can be slightly decreased with more MCS levels.
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Figure 9. System PDR vs PAR with different MCS selection methods
Observation 4: 

· Adaptive MCS based on DL RSRP could improve the spectral efficiency of grant-free transmission especially in high traffic load.
Proposal 3: Adaptive MCS selection (link adaptation) scheme should be investigated for grant-free transmission to improve spectral efficiency.

· Performance of different retransmission methods

In this contribution, we consider two different options for retransmission scheme in order to investigate a potential gain from signal combining. Fig. 10 shows the comparison of system PDR with different retransmission schemes in the case with PAR = 0.3. In the evaluation, we assume signal combining and no signal combining for retransmissions. From the results, it can be observed that with signal combining, system PDR decreases compared to that without signal combining.
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Figure 10. System PDR vs PAR with different MCS selection methods
Observation 5: 

· With signal combining for retransmission, system performance can be improved.
Proposal 4: For HARQ retransmission scheme, signal combining at gNB side should be investigated.
· Impact  of channel estimation

Figure 11 shows the system PDR vs. PAR with ideal and channel estimation. Variable packet size with 20~200 bytes is adopted. As DMRS structure,  we assume the same transmission structure as LTE uplink. From the figure, it can be seen that with low traffic load (PAR = 0.1), PDR with ideal channel estimation is almost the same as that slightly better than that with realistic channel estimation. Since PAR is very low in this case, received SINR at gNB side would be high due to the low power of inter-cell and intra-cell interference signals. While with higher traffic load, there is larger performance gap between ideal and realistic channel estimations.
[image: image11.png]em packet drop rate (PDR) (%)

4%

—©—Ideal channel estimation

—8—Realistic channel estimation

0.1 0.2 0.3 0.4
Packet arrival rate (PAR) [arrivals/ms/sector]




Figure 11. System PDR vs PAR with ideal/realistic channel estimation
Observation 6: 
· There is no performance difference between realistic and ideal channel estimation in PAR = 0.1.

· For PAR > 0.1, performance degradation due to realistic channel estimation is about 0.05 of PAR.
5 Conclusion
In this contribution, we provide our views and preliminary evaluation results for grant-free UL non-orthogonal multiple access mainly targeting for mMTC scenario. According to the discussions, we have following observations and proposals:
Observation 1: 

· Grant-free multiple access can reduce signaling overhead, but it is challenging for such scheme to improve the capacity compared with NB-IoT/eMTC.
Observation 2: 

· Packet drop time significantly affects the system performance of grant-free transmission.
· With 10 s packet drop time, PDR is lower than that with 1s packet drop time, especially for higher packet arrival rate.
Observation 3: 

· System PDR performance is almost the same regardless of the packet size when assuming the same resource utilization factor.

Observation 4: 

· Adaptive MCS based on DL RSRP could improve the spectral efficiency of grant-free transmission especially in high traffic load.

Observation 5: 

· With signal combining for retransmission, system performance can be improved.
Observation 6: 

· There is no performance difference between realistic and ideal channel estimation in PAR = 0.1.

· For PAR > 0.1, performance degradation due to realistic channel estimation is about 0.05 of PAR.
Proposal 1: The requirements for mMTC should be further clarified.
Proposal 2: If capacity enhancement is needed for mMTC, both grant-based and grant-free NOMA should be investigated 

Proposal 3: Adaptive MCS selection (link adaptation) scheme should be investigated for grant-free transmission to improve spectral efficiency.
Proposal 4: For HARQ retransmission scheme, signal combining at gNB side should be investigated.
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Annex A. Evaluation assumption for system evaluation
Table A1. Evaluation assumption for system level
	Attributes
	Values

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth 
	6 PRBs

	Channel model
	3D Uma (single floor for both indoor and outdoor UEs)

	Tx power
	UE: Max 23dBm

	BS antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1) 2 TXRU, one TXRU maps to one antenna element

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	25m

	BS antenna tilt
	No Mechanical downtilt

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5 dB

	UE antenna elements
	1Tx

	UE antenna height
	1.5m

	UE antenna gain
	-4dBi

	Traffic model
	NB-IoT traffic model [5]

	UE distribution
	20% of users are outdoors (3km/h)

	
	80% of users are indoor (3km/h)

	
	Users dropped uniformly in entire cell

	Channel estimation
	Ideal/Realistic

	Packet size
	20~200 Bytes based on TR45.820

	
	Fixed packet size [40] Bytes

	HARQ method
	With/without HARQ combining

	MCS selection
	Fixed MCS/Adaptive MCS

	Packet dropping timer
	1s / 10s

	Spreading sequence length
	4


Annex B. Other evaluation results
Table B1 and B2 show the detail of the evaluation results related with Fig.7 and 8.
Table B1. System packet drop rate (PDR) and resource utilization (RU) vs packet arrival rate (PAR) 
(packet dropping time = 1 s)

	Packet arrival rate (PAR) (packets/ms/sector)
	System packet drop rate (PDR)
	Resource utilization (RU) (%)

	
	Fixed packet size [40 Bytes]
	20～200 Bytes
	Fixed packet size [40 Bytes]
	20～200 Bytes

	0.11
	1.09%
	1.05%
	8.90%
	8.08%

	0.20
	1.81%
	1.56%
	15.02%
	13.30%

	0.30
	2.78%
	2.52%
	21.01%
	19.63%

	0.40
	3.96%
	3.29%
	26.72%
	24.22%

	0.50
	5.69%
	4.58%
	32.01%
	28.76%

	0.80
	12.53%
	9.71%
	44.50%
	41.03%

	1.00
	16.79%
	13.56%
	49.71%
	46.58%


Table B2. System packet drop rate (PDR) and resource utilization (RU) vs packet arrival rate (PAR) 
(packet dropping time = 10 s)

	Packet arrival rate (PAR) (packets/ms/sector)
	System packet drop rate (PDR)
	Resource utilization (RU) (%)

	
	Fixed packet size [40 Bytes]
	20～200 Bytes
	Fixed packet size [40 Bytes]
	20～200 Bytes

	0.11
	0.387%
	0.377%
	9.32%
	8.48%

	0.20
	0.770%
	0.666%
	15.02%
	13.65%

	0.30
	1.377%
	1.304%
	21.22%
	19.60%

	0.40
	2.215%
	1.671%
	27.44%
	24.31%

	0.50
	3.136%
	2.227%
	32.11%
	29.17%

	0.80
	7.053%
	5.539%
	44.69%
	40.71%

	1.00
	11.017%
	8.643%
	50.42%
	47.51%


Figure B1 and B2 show the CDF of effective SINR per UE in dB and CDF of packet drop rate per UE, with given traffic loading of around 1% and 10% system PDR. In the simulation, variable packet size with 20~200 bytes is assumed. 
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Figure B1. CDF of effective SINR in dB @given traffic loading of 1% and 10% system packet drop rate (PDR)
[image: image13.png]8, PDR~10%

PDR~1%
75% A
——PAR=1.0, PDR~10%
70%
0% 20% 60% 80% 100%

40% o
Packet drop rate (PDR) of UE




Figure B2. CDF of packet drop rate per UE @given traffic loading of 1% and 10% system PDR
Random back-off time within [Tmin, Tmax]
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