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1. Introduction
[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]In RAN meeting #75, a new SID on Non-Orthogonal Multiple Access (NoMA) for NR was approved [1]. It has been agreed that DMRS design should be further studied during the SI. 
2.3.1	Open issues of the SI or Core part WI or Testing part WI
· Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.

In this contribution, we discuss some issues related to current NR DMRS design with large number of UEs, and suggest ideas to boost the number of available DMRS ports or to control the collision probability.  However, certain details in design can be flexible and open to further optimization and improvements.  In addition, we share some view on the occasions of MA signature and DMRS collisions. 
2. Considerations of DMRS design for NOMA
2.1. Number of available DMRS ports
For the non-orthogonal multiple access evaluation in NR, DMRS design is a key aspect to enable the benefits of NOMA.  One of the benefits of applying NOMA is the increased capacity to handle more number of multiplexed UE signals than conventional OMA scheme.  However, such increase of number of multiplexed UEs can be accomplished if a set of available number of orthogonal DMRS ports are matched to the increased number of UEs.
Two types of DMRS pattern configurations (Type1 and Type 2) have been agreed in Rel-15.  Currently in NR, the maximum number of DMRS ports with 2-symbol overhead per slot is 12.  This means the maximum number of multiplexed UE is limited to 12.  However, if the payload size is reasonably small enough that spectral efficiency per UE becomes relatively low, more than 12 UEs can be multiplexed within a slot with 6 PRBs, as shown in the companion contribution [2].  Therefore, DMRS extension to support more than 12 distinguishable ports should be considered for further enhancement in NOMA system capacity and user connectivity.
Extending a DMRS ports in orthogonal way is simple at the expense of higher DMRS overhead.  NOMA schemes can exploit the already agreed/defined time domain spreaded one additional 2-symbol DMRS to extend the number of available orthogonal DMRS ports, as agreed in [3].  This can result supporting up to 24 multiplexed UEs.  Another orthogonal method is adding a redefinition of DMRS signals such that allowing one symbol DMRS support up to 12 multiplexed UEs, at the cost of channel estimation performance.  One good example of implementation can be reusing the Rel-14 UL DMRS base sequences defined for DFT-s-OFDM waveform, as each base sequences can have as many as the length of the orthogonal versions of cyclic shifted sequences.
Observation 1: By redefining the one additional 1 or 2-symbol DMRS can be modified to extend orthogonal DMRS ports. In addition, reuse of Rel-14 UL DMRS can boost the number of ports.
2.2. Collision of DMRS patterns
For grant-based and SPS type grant-free NOMA transmissions, DMRS frequency location within a PRB bandwidth and FD/TD OCC pattern can be specifically assigned to UEs by higher layer to maintain orthogonality among multiplexed UEs.  However, for contention based grant-free transmission, orthogonality among DMRS signals may not be guaranteed, since UE randomly chooses both the NOMA signature and DMRS port.  As a mitigating way to reduce collision, DMRS port extension can be helpful for contention based grant-free transmission such that it can lead to reduce DMRS collision probability.  
However, if the UE randomly selects a DMRS signal, the problem with DMRS collision for the contention based grant-free case is that the slot-wise probabilities of collisions could be unevenly distributed.  One particular DMRS symbol in a slot can have a particularly very high collision probability, while the probability of DMRS collision in other slots can be lower, because number of multiplexed UEs are low.  To prevent from such case, pre-configured DMRS signal set and transmission timing assigned to UEs could be useful.  Since the use-case scenario for contention based grant-free transmission do not typically require low latency, it is viable to pre-configure the transmission time/frequency to control the expected probability of collision rate.  
Observation 2: Extension of DMRS ports can reduce collision occurred from contention based grant-free transmission. 
2.3. Effect on DMRS collision
When two UEs select the same DMRS port, DMRS collision happens.  This effect not only leads to severely degraded BLER performance of the collided UEs at the eNB, but also degraded decoding performance for other users signal detection due to imperfect cancellation of other UE’s overlapped signal from the initial observed signal, which is unresolvable/unknown interference.  When either of DMRS collided (via composite channel estimation) UE’s signal is somehow managed to be successfully decoded, the receiver might assume the decoded UE’s estimated composite channel frequency response is correct.  Thus, this receiver processing assumption/behavior has some link to generating unwanted interference to the received overlapped signal.  Below figure 1 is a simple LLS result to observe the effect of DMRS collision.  A low per UE SE usually delivers good performance, but it can be observed from the simulation that composite channel estimation by a single DMRS collision brings a drastically degraded overall BLER performance.
[image: ] [image: ]
(a) R=1/3, per UE SE: 1/9, 18 users                                           (b) R=1/3, per UE SE: 1/9, 12 users
Figure 1 A scenario when 2 user’s DMRS out of 18 or 12 users are collided
As shown in figure 1, a 2-user DMRS collision case is simulated and compared with no DMRS collision case.  Figure 1 (a) corresponds to 2 user DMRS sequence collision case out of 18 users, while figure 1 (b) shows a case when 2 user DMRS sequence collision out of 12 users.  The BLER difference between (a) and (b) for single user case comes from transmit power difference of each user, where the former transmit 1/18 of the normalized power per user and the latter lets each user transmit 1/12 of the normalized power.  
As can be seen in both cases, DMRS collision leads to significant BLER performance degradation.  Thus, it is best to avoid DMRS collision if possible.  When 2-symbol DRMS per slot is configured, a UE can choose one out of 12 orthogonal ports.  The problem is that even if the configuration for number of multiplexed UEs are lower than the number of available ports, there is still a possibility that at least two UEs chooses the same DMRS port.  Therefore, it can be easily predicted that if more UEs are multiplexed, the higher the chance that DMRS collision can happen.  Thus, as mentioned previously, to lower the collision probability further, it might be desirable to augment the total available number of DMRS sequences.  Alternative way is not letting the UE randomly choose the DMRS port but to pre-configure the entire DMRS ports even if the UEs transmit signals under contention based grant-free fashion. 
Observation 3: A significant impact on overall BLER performance not only for the DRMS collided users but also other link level performance of non-collided DMRS UEs is observed. The lower the number of multiplexed UEs, the greater the negative impact to overall BLER performance can be expected.

3. Conclusion / Discussion
In this contribution, we discussed some issues related to current NR DMRS design with large number of UEs, and suggested ideas to boost the number of available DMRS ports or to control the collision probability.  Following is our proposal: 
Observation 1: By redefining the one additional 1 or 2-symbol DMRS can be modified to extend orthogonal DMRS ports. Reuse of Rel-14 UL DMRS can boost the number of ports.
Observation 2: Extension of DMRS ports can reduce collision occurred from contention based grant-free transmission. 
Observation 3: A significant impact on overall BLER performance not only for the DRMS collided users but also other link level performance of non-collided DMRS UEs is observed. The lower the number of multiplexed UEs, the greater the negative impact to overall BLER performance can be expected.
Proposal 1: To operate contention based UL grant-free transmission with lower DMRS collision probability and to exploit the benefits of NOMA fully, augmenting the available DMRS port number per slot is highly recommended. If the DMRS ports are pre-configured for the entire multiplexed UEs, a certain BLER performance can be expected by designing the exact collision probability.
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