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Introduction
In RAN1#93 meeting, the following agreement was achieved as the preliminary guidance for procedures in 
NOMA SI [1].
· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
In this contribution, the necessity to support non-orthogonal UL data transmission from additional RRC state, e.g., RRC_INACTIVE state, is elaborated by considering the previous discussion on the simplified procedures e.g. 2-step RACH or RACH-free based transmission (i.e. transmission without RACH procedure) for eMBB small data and mMTC scenarios. Moreover, views on the potential required enhancements for supporting NOMA transmission, e.g., RS, HARQ, are also described. 
Discussion on the NOMA transmission from UE in RRC_INACTIVE state
In Rel-15, the UL transmission in RRC connected mode with configured-grant transmission is specified as grant-free scheme. Compared to conventional grant-based transmission, from UE perspective, SR overhead is reduced while from BS side dynamic UL grant is replaced by either configuration or semi-static activation/deactivation. The procedure simplification contributes to a saving of latency/signaling and transmission power. After the configuration is accomplished, resources will be reserved for the potential UL transmission. With this solution, more benefits can be expected for the UE with stable connection and under light overloaded situation, e.g., URLLC transmission.  The potential collision, e.g., resource, can be well managed by the network to ensure the high reliability. 
However, if the UE is out of synchronization, legacy procedure would be required which involves RRC re-establishment/resume for TA. The retransmission may also call for additional reconfiguration/deactivation-reactivation procedure design and can be non-trivial as the overloaded UE number increases. More specially, the existing mechanism is not suitable to mMTC scenario considering the massive connectivity and sporadic traffic characteristic. And ,w.r.t eMBB small data, if the traffic is aperiodic or event-driven, this mechanism would lead to waste of resources or excessive re-configuration. Consequently, the latency/power consumption/overhead reduction benefit compared to the grant-based transmission becomes marginal. 
Observation 1: Configured grant transmission is not suitable for eMBB small data or mMTC scenario due to its limitation in efficient transmission of infrequent small data. 
As justified in the previous discussion in both RAN1 and RAN2 [2][3][4][5], directly data transmission from RRC_INACTIVE state could serve the purpose of further signaling/latency/power consumption reduction compared to that from the RRC_CONNECTED state with the much simplified procedure. More specifically, the following agreements on the procedure from RAN2 perspective was made for Option-A (2-steps RACH) and Option B (3-steps RACH) [4]: 
· Option A 
Agree to the message contents as follows:
1) UE -> Network: data+UE ID
2) Network -> UE: UE ID (used for identifying the target UE for the response)
· Option B 
Transition from RRC_INACTIVE to RRC_CONNECTED based on 3-step RRC procedure should be baseline and 2-step RRC procedure (resume request, resume) should be further studied. FFS whether 3 step or 2 step would eventually be specified if option B is selected. FFS study the impact of removing the “complete” message (e.g. in terms of security)
As shown in Figure 1, without UL grant, the UE transmission is performed in a TA-free manner together with the randomly selected the MA signature/RS. According to general physical layer design of NOMA, for both option A and B, the UE detection can be well conducted based on RS as well as TO estimation. The required capacity for data transmission (with flexible packet size in the context of UE-ID, Msg 3/5 and other information bits from higher layer perspective) can be well met with larger payload (e.g., up to 75 Byte in agreed simulation) with implementation of NOMA scheme. From the procedure perspective, the response including, e.g., ACK/HARQ or scheduling grant, can be transmitted from gNB. Following uplink transmission from UE will be conducted on demand (e.g., RRC complete info for option 3).
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[bookmark: _Ref521523240]Figure 1 Illustration of NOMA transmission from RRC_inactive
Observation 2: NOMA based UL transmission in RRC-inactive has the benefits on signaling/latency and power saving.
As analyzed above, NOMA transmission in case of RRC-inactive transmission should be supported in this SI for harvesting the benefits.
Proposal 1: UL data transmission from UE_INACTIVE state should be also studied to fully utilize the benefits of NOMA techniques.
Spec. impact related to NOMA Procedure
In the SID [2], the objectives of the procedures related to NOMA explicitly include the following,
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
Additionally, comparing with existing Rel-15, detailed differences, e.g., RS, HARQ, are identified for UL data transmission from UE in inactive state and configured grant UL data transmission in the previous meeting [1]. In the following subsections, details of required enhancements are elaborated as well as views on the prioritization of some issues.
RS allocation/selection
It was agreed in RAN1#92 meeting that RS (e.g., preamble/DM-RS) and MA signature allocation/selection are considered together and therefore is either random or fixed as a whole. As has been clarified in the procedure discussions above, at the beginning of UE inactive state, the RRC connection has not been resumed, the UE has to perform random selection of MA signature and RS allocation/selection. Meanwhile, for configured grant transmission which implies fixed MA signature allocation/selection, there could also be DMRS or MA signature collision when the number of overloaded UEs exceeds the minimum of the MA signature pool size and DMRS ports. For example, in case of mMTC, according our analysis via SLS [7], the maximal UE number with simultaneously transmission can up to 25 with PDR (package data rate) less than 0.1, which obviously exceeds capacity of existing DM-RS. More specifically, for randomly MA selection even with average UE number up to 9, the collision probability will be 98.45%. Increasing the pool size for RS is required to alleviate this phenomenon. 
Enlarging the pool size by directly assigning more resource for RS will definitely increase the RS overhead, at the cost of reduced resources for the traffic, which is straightforward yet inefficient. Proper enhancement for RS to balance the overhead and well supported functionality, i.e., UE detection and channel estimation, should be further studied.
Besides, as another option, the idea of data-only transmission can also be generally employed by various schemes within the symbol level spreading family. For instance, the channel estimation refinement employing the successfully decoded data [6] could be considered to enhance the performance of all the candidate NOMA schemes with less RS overhead.
Observation 3: Collision of RS allocation/selection could happen in both configured-grant and purely grant free transmission.
Observation 4: RS enhancement by directly increasing the overhead is not efficient.
Enhancement on the RS
In existing Rel-15, two types of DM-RS patterns are supported, in which up to 8/12 orthogonal RSs ports are supported, respectively, with overhead equaling to 2/14, i.e., two front-loaded DM-RS as shown in Figure 2.
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[bookmark: _Ref521572072]Figure 2 Illustration for the DM-RS pattern in Rel-15
Based on this structure, in order to enlarge the pool size for RS with same overhead, normally two options can be considered: 
· 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, both of these two options lead to noticeable performance degradation. More specially, with reducing the density in frequency domain, e.g., Comb-6 for Type 2 with supporting 24 ports, the accuracy of channel estimation in frequency domain will be degraded without being able to capture the selectivity.
For the second option, based on the agreed simulation assumption, less number of resource, e.g., 6 RBs will be allocated for UL transmission, e.g., the sequence length is limited. As shown in Figure 3, the interference level is significant, especially for pseudo-random sequence, which is used as DM-RS for CP-OFDM transmission according to the NR spec. Then, the accuracy of channel estimation would deteriorate significantly when multiple UEs are transmitted simultaneously with fluctuation of channel gain. This will surely lead to performance for decoding.
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                A: Cross-correlation for pseudo-random sequence           B: Cross-correlation for ZC sequence
[bookmark: _Ref521576092]Figure 3 Illustration of cross-correlation among Quasi-orthogonal sequence 
Observation 5: DM-RS enhancement via either reducing the density in frequency domain or introducing quasi-orthogonal sequence has negative impacts on the performance.
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. Moreover, with introducing the ZC for RS, even for CP-OFDM, the functionality of UE detection can also be supported by enhanced RS, which will definitely reduce the RS overhead and achieve the benefits of one shot transmission for 2-steps RACH.
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[bookmark: _Ref521577501]Figure 4 Illustrated of enhanced RS (e.g., DM-RS/Preamble) design
[bookmark: _GoBack]Performance evaluation based on enhanced RS
According to the proposed enhancements above, the preliminary performance evaluation is conducted in case of fixed MA/RS allocation for both 8 and 24 UEs, which represents the typical cases with medium and higher load for configured-grant transmission.  As shown below, with realistic channel estimation, reasonably good performance can be achieved.
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Figure 5 BLER Performance for mMTC (Enhanced DMRS, equal SNR, CP-OFDM, Realistic CE, configured grant)
Observation 6:  In case of fixed MA/RS allocation, up to 24 UEs can be supported with enhanced RS.
Further evaluation with considering the randomly selection and time offset is also conducted. As the results shown in Figure 6 and 7 for CP-OFDM and DFT-S-OFDM, respectively, it can be found that with enhanced DM-RS, based on the realistic UE detection and channel estimation, the transmission with randomly MA selection can be supported with the number of UEs up to 8 and with TO/FO less than CP.
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[bookmark: _Ref521595635]Figure 6 BLER Performance for mMTC (Enhanced DMRS, Unequal SNR, CP-OFDM, Realistic CE, TO = 5 Ts, FO = 70 Hz, random-selection, Realistic TO/FO estimation, Ts = 1/1.92M = 1/10 CP of data)
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[bookmark: _Ref521595637]Figure 7 BLER Performance for mMTC (Enhanced DMRS, Unequal SNR, DFT-s-OFDM, Realistic CE, TO = 5 Ts, FO = 70 Hz, random-selection, Realistic TO/FO estimation, Ts = 1/1.92M = 1/10 CP of data)
Observation 7: In case of randomly selection of MA/RS allocation with timing offset within CP, simultaneously transmission with medium number of UE can be supported with enhanced RS.
Proposal 2: Enhancement on the RS with different numerology should be considered to achieve the large pool size.
HARQ Related Procedures
For configured-grant, existing scheme in Rel-15 with dedicated DCI scrambled by CS-RNTI is introduced to enable the grant-based retransmission. However, for data transmission from RRC-inactive state, additional mechanism in either implicit or explicit way for ACK/NACK indication should be considered.
 As shown in Figure 8, for implicit based solution, the UE will start the re-transmission if no corresponding DCI grant is received from gNB within pre-defined time window. In this case, the DCI format 0-0/1-0 can be considered to support the potential scheduling for one UE. UE specific RNTI can be obtained via the reported UE-ID, e.g., 5g-s-TMSI or I-RNTI, including in the payload part in the previous NOMA transmission as mentioned in Section 2.
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[bookmark: _Ref521586746]Figure 8 Illustration of HARQ indication in implicit way
Additionally, to ensure the reliability of re-transmission, re-selection of MA for the nth re-transmission based on the pre-defined rule, e.g., MA signature hopping, can be considered to reduce the possibility of MA collision. Power ramping similar to the mechanism in RACH procedure can also be taken into account to enhance the performance of re-transmission.
Proposal 3:  The mechanism of HARQ via both explicit and implicit way should be considered for supporting NOMA transmission.
Proposal 4:  Additional enhancements, e.g., MA hooping or power ramping, can be considered to ensure the performance of re-transmission.
Others
In existing spec, the closed-loop link adaption 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 scheme is unclear. For example, in case of configured-grant, all parameter for UL transmission are configured via RRC signaling with relative large latency. Transmission adjustment for handling the small scale channel variation is not suitable in this mechanism. Configuration optimization can be conducted based on UL link transmission with long term channel average via implementation. In addition, 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. Fixed transmission with relative lower code rate is enough to cover the application for eMBB small data and mMTC. 
Observation 8: The necessity of the enhancement on link adaption for NOMA based UL transmission needs to be justified.
W.r.t the switching between transmission scheme, e.g., NOMA and OMA, in case of configured grant transmission in existing spec, the scheme adaption is already supported by the RRC configuration with/without corresponding parameters. For the UE in RRC-inactive, the data transmission with small payload via NOMA can be well supported with further introduction of HARQ procedure as mentioned above. In the corner case with high probability of UE collision, although the switching of transmission scheme from NOMA to OMA may reduce the number UE with collided MA in UL transmission, but minor gain can be expected to ensure the reliability for all UEs since even for OMA transmission, contention based connected via 4-step RACH should be also conducted first to achieving the transfer of RRC state from inactive/idle to RRC connected.
Observation 9: Minor gain from network perspective can be expected with introducing the mechanism to enable the switching between NOMA and OMA.
Proposal 5:  Study on the link adaption and transmission scheme switching should be down-prioritized in NOMA SI.
Conclusions
In this contribution, procedures related to NOMA are discussed with following observations and proposals:
Observation 1: Configured grant transmission is not suited to eMBB small data or mMTC scenario due to its limitation in conveying an efficient small data transmission, in particular sporadically. 
Observation 2: NOMA based UL transmission in RRC-inactive can well support the usage in all cases with maximizing the benefits on signaling/latency and power saving.
Observation 3: Collision of RS allocation/selection could happen in both configured-grant and purely grant free transmission.
Observation 4: RS enhancement with directly increasing the overhead is not efficient.
Observation 5: DM-RS enhancement via either reducing the density in frequency domain or introducing quasi-orthogonal sequence has negative impacts on the performance.
Observation 6:  In case of fixed MA/RS allocation, up to 24 UEs can be supported with enhanced RS.
Observation 7: In case of randomly selection of MA/RS allocation with timing offset within CP, simultaneously transmission with medium number of UE can be well supported with enhanced RS.
Observation 8: The necessity of the enhancement on link adaption for NOMA based UL transmission should be further verified.
Observation 9: Minor gain from network perspective can be expected with introducing the mechanism to enable the switching between NOMA and OMA.
Proposal 1: UL data transmission from UE_INACTIVE state should be also studied to fully utilize the benefits of NOMA techniques.
Proposal 2: Enhancement on the RS with different numerology should be considered to achieving the large pool size with supporting both UE detection and channel estimation.
Proposal 3:  The mechanism of HARQ via both explicit and implicit way should be considered for supporting NOMA transmission.
Proposal 4:  Additional enhancements, e.g., MA hooping or power ramping, can be considered to ensure the performance of re-transmission.
Proposal 5:  Study on the link adaption and transmission scheme switching should be down-prioritized in NOMA SI.
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