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Introduction
In RAN1#94b meeting, the following agreements were achieved [1]:
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
In this contribution, further details related to the transmission with/without collisions are discussed (e.g., contention resolution, ACK/NACK indication and re-transmission) as well as others parts including RS enhancements. Additionally, views on the study of link adaption and switching between OMA and NOMA are also provided.
[bookmark: _Ref528849554]Performance evaluation of asynchronous transmission
Based on the discussion in last meeting, the channel structure consisting of preamble + data was agreed to for asynchronous transmission. In this section, the performance comparison is firstly conducted via LLS as the results shown in Figure 1 for TBS = 20 bytes with assumption of unequal SNR, TDL-A 30ns. Here, the “Fixed” refers to the transmission based on pre-allocated RS/MA signature (without collision) and the TO within [0, 0.5*NCP]. The “Random” means that transmission is with randomly selected RS from a pool of preamble signatures of size 64 or 96 (one-to-one mapping to MA signature is assumed) and the TO within [0, 1.5*NCP]. In case of simulation for random selection, two windows ([0, NCP] and [0.5*NCP, 1.5*NCP]) are assumed for the preamble detection, and MMSE-SIC receiver is used for the data decoding of in each of the windows.
It can be found that the performance loss due to random collision of RS/MA signature and larger TO is moderate, e.g., up to 3 dB when the overloading factor is not very high.  Performance improvement can be obtained by enlarging the pool size, especially for the case with larger number of UEs. 
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[bookmark: _Ref525754073]Figure 1 Illustration of performance comparison for asynchronous transmission
Additionally, performance comparison at system level is conducted with the results shown in Figure 2. The detailed assumption listed in Table 1.  In “Baseline” and “NOMA” transmission, the preamble + data channel structure is assumed, with random selection of preamble signatures out of the pool of size 64. For the data part, no additional enhancement is considered for “Baseline”, but for “NOMA” symbol-level spreading of length 4 is implemented assuming one-to-one mapping between preamble and spreading code. It can be found that more traffic can be supported at given PDR for “NOMA” based transmission compared to “Baseline”, and without introduction of spreading, the ‘Baseline’ cannot achieve the target PDR 1% even when the loading is very light. 
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[bookmark: _Ref529003427]Figure 2 Illustration of comparison between NOMA and Baseline 
Observation 1: Performance gain can be achieved for transmission with random selection with enlarging the resource pool.
Observation 2: Significant gain on the PAR can be achieved by introducing symbol-level spreading at given PDR comparing to the transmission without any enhancement.
Proposal 1: Capture the evaluation results and observations for asynchronous transmission into TR38.812.
Transmission with potential RS/MA signature collisions
As indicated in the SID, the NOMA techniques are introduced for handling the data transmission by UEs with sporadic traffic. Obviously, the collision of RS/MA signature cannot be completely avoided due to the infrequent arrival of the packets and the potentially large number of UEs simultaneously in transmission. In such scenario, pre-configured approach requires extensive signaling overhead with inefficient usage of resource. In order to unify the procedure for UL transmission with potential RS/MA signature collision, at least, the study on following aspects should be conducted:
· UE detection and identification
· Mechanism for contention resolution and HARQ
[bookmark: _Ref528785578]UE detection and identification 
According to the existing assumption for transmission with either configured-grant or grant-free, the following two-step processing is needed for UE identification:
· UE detection via RS/MA signature detection 
· UE ID identification
Moreover, in the first step, gNB becomes aware of an UL transmission via successful detection of RS (e.g., DM-RS and preamble).  With the introduction of association between RS and MA signature, the MA signature selected by UE, can also be known to gNB side.
Then, w.r.t the second step, in the scenario of configured grant without collision, such step can be skipped since each RS/MA is dedicated allocated to certain UE known by network. For other scenarios, the UE ID used for UE identification can be carried in the transmitted data, e.g., scramble the UE ID with the corresponding CRC, piggybacked within the MAC CE, including UCI which is multiplexed with PUSCH. After successful reception of UL data, the identity of UE will be known by gNB and following operation including scheduling can be continued if needed. Otherwise, re-transmission from UE after reception of indication of ACK/NACK or contention resolution should be conducted. 
Proposal 2: Following aspects should be considered for UE detection and identification:
1. UE detection via RS, e.g., DM-RS and preamble;
0. Association among DM-RS and MA signature/Resource
1. UE identification based on UE ID obtained in following approaches if necessary:
1. RS
1. Scrambling ID for data
1. ID piggybacked in the transmitted data
Mechanism for contention resolution and HARQ
For configured-grant, existing scheme in Rel-15 with UE specific DCI scrambled by CS-RNTI is introduced to enable the grant-based retransmission, namely, an explicitly indication of ACK. However, in order to enhance the robustness of transmission with consideration on contention resolution for RS/MA signature collision, additional mechanism with explicit indication of ACK should be considered. More specifically, with explicit indication of ACK, even the indication from gNB is missing, the transmission chain can still work since the UE will directly conduct the re-transmission with same content. 
As shown in Figure 3, after reception of UL transmission for UEs, an indication of ACK or together with UE-ID will be indicated to UE, which can be carried by either UE specific or common DCI scrambled with corresponding RNTI. If the UE is fail to reception of corresponding information within the pre-defined time window, directly retransmission will be conducted. For, in case of transmission by two UEs with collided RSs, the indication of successful detection of UE-1 will be send out via either UE-1 specific DCI or common DCI including the ID of UE-1, where the C-RNTI or UE ID is can be obtained via by the solution listed in section 3.1. Other information, e.g., scheduling grant for either DL/UL can be also included if necessary.
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[bookmark: _Ref521586746]Figure 3 Illustration of explicit indication of ACK/contention resolution
Additionally, to minimize the signalling overhead in case of collision, the grant-free based re-transmission is preferred. In this way, the independent re-transmission will be conducted with MA/RS chosen in same way as initial one. Moreover, some pre-defined rules, e.g., MA signature hopping, can be considered to reduce the possibility of MA collision. Power ramping can also be taken into account to enhance the performance of re-transmission.
Proposal 3:  Explicit indication of ACK can be considered for supporting the NOMA transmission.
1. Information of UE can be carried together for contention resolution
Proposal 4: Retransmission in grant-free with additional enhancements, e.g., MA hopping or power ramping, can be considered.
Enhancement on DM-RS
According to the agreement listed above, random selection and random activation will be considered for the NOMA transmission with/without dedicated MA signature configuration (including DM-RS). For both cases, the potential RS collision can be observed when the number of transmitting UEs is larger than the maximal number of DMRS ports. For example, in case of mMTC, according to our analysis via SLS [2], the number of UEs simultaneously in transmission can be up to 25 that apparently exceeds the capacity of Rel-15 DM-RS. For the case of random selection of MA signatures, even with 9 UEs, the probability of at least two UE’s DM-RS colliding with each other would be 98%. Increasing the pool size for RS is required to alleviate this problem.
Observation 3: Enhancement on the DM-RS should be considered for alleviating the collision of RS allocation/selection in both configured-grant and purely grant free transmission.
Since enlarging the pool size by directly assigning more resource for RS is inefficient, normally two options can be considered based on the structure of existing DM-RS in Rel-15:
· Option 1: Decreasing the frequency density for each port;
· Option 2: Using quasi-orthogonal sequence, e.g., different ID for sequence initialization
However, according to our analysis [2], both of these two options lead to noticeable performance degradation since the accuracy of channel estimation would deteriorate due to the limited frequency resource per port and interference among sequence.  
To solve the issues listed above, another way to enhance the RS can be considered as shown in Figure 4, in which, the different numerology is considered for RS and associated data, e.g., 7.5 kHz for RS and 15 kHz for data. According to this assumption, long ZC sequence can be adopted with more CS, which can be used to support more UEs. Meanwhile, ZC with different roots can also be considered for further enlarging the pool size with good cross correlation properties, e.g., totally up to 72 ports can be supported with 3 roots and 24 CS per sequence. 
[image: ]
[bookmark: _Ref521577501]Figure 4 Illustrated of enhanced DM-RS design
Proposal 5: Enhancement on the DM-RS with different numerology should be considered to achieving the large pool size.
Discussion on link adaptation 
In the existing specification, the closed-loop link adaptation is introduced to the overcome the dynamical changes of channel condition via indicating different MCS for transmission or value for UL power control. For the grant-free based on transmission, the benefits of introducing such kind of close-loop scheme is unclear. For example, for transmission in RRC-inactive state, introducing the closed-loop link adaption is not aligned with the motivation for on-demand transmission with less signaling exchanges.
To address the above issues, e.g., due to UE mobility, adaption of transmission in open-loop can be considered. More specifically, a MA/RS resource pool consisting of multiple resources can be configured to one UE, which can be associated with different TBS/MCS, the selection of RS/MA signature can be conducted by UE from the configured resource pool according to the DL measurement.
Observation 4: It seems there is no clear benefit of introducing grant-based link adaptation for grant-free. 
Proposal 6: long-term link quality can be considered for the configuration of multiple RS/MA signature resources toggled with different TBS/MCS.
Switching between NOMA and OMA 
For supporting the flexible scheduling from gNB with different load, switching between NOMA and OMA can be considered. For the configured grant transmission, the existing approach for Type-1/2 configured grant transmission can be directly used via RRC re-/configuration with/without corresponding parameters. For the grant free transmission, since there is not dedicated RRC configuration for each UE, the switching between NOMA and OMA for one UE can be enabled or disabled via aforementioned mechanism for contention resolution/HARQ. More specifically, for the UE with successful UL transmission in NOMA mode, the switching from NOMA to OMA can be done via including the DL/UL scheduling information in the ACK indication if necessary. For the UE with failed transmission, pre-configured threshold, e.g., maximal number of re-transmission, can be used as indication of switching. Once the threshold is exceed, the UE will fall back to existing solution, e.g., contention based connected via 4-step RACH, to enable the transmission with dedicated resource.
Observation 5: For NOMA transmission with configured grant, the existing approach for Type-1/2 configured grant transmission can be reused to enable the switching between NOMA and OMA.
Proposal 7: For NOMA transmission in grant free, joint design with mechanism to support contention resolution/HARQ and switch between NOMA and OMA can be considered. 
[bookmark: _GoBack]Conclusions
In this contribution, procedures related to NOMA are discussed with following observations and proposals:
Observation 1: Performance gain can be achieved for transmission with random selection with enlarging the resource pool.
Observation 2: Significant gain on the PAR can be achieved by introducing symbol-level spreading at given PDR comparing to the transmission without any enhancement.
Observation 3: Enhancement on the DM-RS should be considered for alleviating the collision of RS allocation/selection in both configured-grant and purely grant free transmission.
Observation 4: It seems there is no clear benefit of introducing grant-based link adaptation for grant-free. 
Observation 5: For NOMA transmission with configured grant, the existing approach for Type-1/2 configured grant transmission can be reused to enable the switching between NOMA and OMA.
Proposal 1: Capture the evaluation results and observations for asynchronous transmission into TR38.812.
Proposal 2: Following aspects should be considered for UE detection and identification:
1. UE detection via RS, e.g., DM-RS and preamble;
2. Association among DM-RS and MA signature/Resource
1. UE identification based on UE ID obtained in following approaches if necessary:
3. RS
3. Scrambling ID for data
3. ID piggybacked in the transmitted data
Proposal 3:  Explicit indication of ACK can be considered for supporting the NOMA transmission.
3. Information of UE can be carried together for contention resolution
Proposal 4: Retransmission in grant-free with additional enhancements, e.g., MA hopping or power ramping, can be considered.
Proposal 5: Enhancement on the DM-RS with different numerology should be considered to achieving the large pool size.
Proposal 6: long-term link quality can be considered for the configuration of multiple RS/MA signature resources toggled with different TBS/MCS.
Proposal 7: For NOMA transmission in grant free, joint design with mechanism to support contention resolution/HARQ and switch between NOMA and OMA can be considered. 
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Appendix
[bookmark: _Ref529003492]Table 1 Simulation assumption for SLS
	Parameters
	Assumptions

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth
	6 PRBs

	Number of UEs per cell
	100

	Channel model
	UMa in TR 38.901; The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 Rx;2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
dH = dV = 0.5λ;BS antenna down-tilt: 92

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx as starting point

	UE antenna height
	Follow the modeling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

	UE power control
	Open loop PC for mMTC, P0 = -95dBm, alpha = 1

	HARQ/repetition
	4 repetitions is assumed

	Channel estimation
	Realistic

	BS receiver
	MMSE-IC receiver for baseline and NOMA

	TO/FO
	TO belong to [0, 1.5*NCP]

	RS/MA signature allocation
	Random selection
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