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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In Rel-15 NR Non-orthogonal Multiple Access (NOMA) SID, the following objectives have been identified for the study of NoMA related procedures [1]: 
1.3	Procedures related to the non-orthogonal multiple access [RAN1]
•	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
In this contribution, we discuss the NoMA related procedures, focusing on the DMRS based UE activity detection, as well as the potential benefits of considering grant-free retransmissions.
2 DMRS based UE detection and channel estimation
Different from conventional orthogonal MA schemes, NoMA schemes can accommodate more UEs by allowing multiple UEs to share time/frequency resources via code or power domain multiplexing. As there are more UEs within the same physical resources for NoMA schemes, especially for high overloading scenario, more distinguishable DMRS ports are required. 
Moreover, DMRS has been agreed for UE activity detection in grant-free transmissions. In this case, for NoMA enabled contention based grant-free transmissions, DMRS will serve two purposes at the same time, namely UE activity detection and channel estimation. As illustrated in Fig. 1, active UE detector acts as a pre-filter to narrow down the list of potential active UEs to control the quality as well as the complexity of reception. The active UE detector builds a short list of potentially active UEs based on the DMRS being transmitted. Instead of all potential UEs, the channel estimator only needs to estimate the channels of the UEs within the short list. Finally, we use the channel estimation results to decode the active UEs’ data. 
In NR Rel-15, two types of DMRS pattern configurations (Type1 and Type 2) have been agreed, with which, the maximum number of DMRS ports with 2 symbol overhead are 8 and 12, respectively, while with 1 symbol overhead, only 4 and 6 orthogonal DMRS ports are supported. Note that the number of DMRS should be equal to the number of potential UEs. As more potential UEs may be supported in the grant-free transmission with sporadic traffic, it is likely that the number of existing orthogonal ports in NR is less than the number of potential UEs sharing the same time/frequency resource in grant-free transmissions. In this case, DMRS extension to support more distinguishable ports should be considered for further enhancement in system capacity and user connectivity.
Observation 1: DMRS extension to support more distinguishable ports is needed for grant-free transmissions with large number of potential users sharing the same time/frequency resource. 
In NR Rel-15, DMRS for grant-based transmission is UE-specifically indicated by DCI, while DMRS for grant-free transmission is either UE specifically allocated via RRC signalling for Type 1 grant-free or UE-specifically indicated via DCI signalling for Type 2 grant-free. Similar assumptions of UE-specific DMRS configuration/indication for grant-free and grant-based transmissions can be used in NoMA SI. 

[bookmark: _GoBack][image: ]
Fig. 1 Basic receiver structure for UL grant-free systems
Proposal 1: The orthogonal DMRS ports defined in NR as the starting point for NoMA SI study, and when the number of UEs exceeds the number of supported DMRS ports, DMRS extension should be applied to support more distinguishable ports. 
Proposal 2: UE-specific DMRS configuration, i.e., indication via RRC or DCI signalling as in NR Rel-15 should be the starting point.
In principle, there are two basic methods for DMRS extension, namely orthogonal extension and non-orthogonal extension. By orthogonal DMRS extension, additional DMRS resources can be used to support more distinguish DMRS ports at the expense of higher DMRS overhead. While for non-orthogonal DMRS extension, other UE specific parameters can be added to extend DMRS sequence pool size without adding extra overhead. For instance, in the current NR Rel-15 spec, when UE is configured to use CP-OFDM, the higher-layer parameter UL-DMRS-Scrambling-ID can be used to generate different PN sequences so that with the same orthogonal DMRS patterns, up to 24 non-orthogonal DMRS ports can be supported. In addition, similar as that in LTE, different cyclic shift values can be added for non-orthogonal DMRS extension. Another possible way of non-orthogonal extension is to replace the current ZC and PN sequences with some other type of sequences with larger sequences space at given length. 
Note that inter-UE interference will be introduced due to non-orthogonal DMRS extension, which will impact the performance of both UE activity and channel estimation. Therefore, careful study of how to do the extension is needed. Of course, the combination of the two basic extension methods can also be considered to support even higher number of distinguishable DMRS ports. 
Proposal 3: Further design and performance evaluation of DMRS extension in terms of UE activity detection and channel estimation should be studied in NoMA SI.
3 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the need and ways for DMRS extension in NoMA SI. According to the above discussions, we have the following observations and proposals:
Observation 1: DMRS extension to support more distinguishable ports is needed for grant-free transmissions with large number of potential users sharing the same time/frequency resource. 
Proposal 1: The orthogonal DMRS ports defined in NR as the starting point for NoMA SI study, and when the number of UEs exceeds the number of supported DMRS ports, DMRS extension should be applied to support more distinguishable ports. 
Proposal 2: UE-specific DMRS configuration, i.e., indication via RRC or DCI signalling as in NR Rel-15 should be the starting point.
Proposal 3: Further design and performance evaluation of DMRS extension in terms of UE activity detection and channel estimation should be studied in NoMA SI.
References
[1] RP-170829, “New SID on Non-Orthogonal Multiple Access (NoMA) for NR”, RAN#75, Dubrovnik, Croatia, March 6-9, 2017.
image1.png
Received
Signal

—

Active UE List Channel Data
{1, ..., N} Estimation Detection
Activity | UpdatePotential UE LSt ]
Detection

Potential UE

List {1,

., M}

Decoded
Data




