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1. Introduction
[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]For the non-orthogonal multiple access evaluation in NR, it was agreed in [1] that realistic channel estimation is prioritized, and proponents are to report DMRS designs and settings used for evaluating LLS.  As most of the LLS results of the UL non-orthogonal multiple access schemes listed up in [2] assume ideal channel estimation, it was difficult to see a unified view that non-orthogonal MA schemes perform better than orthogonal approach.  Therefore, following is the agreed statement captured from [1] was agreed upon:
Agreement:
· 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 order to capture the benefits of employing non-orthogonal schemes, practical issues for designing DMRS needs to be taken into account in order to compare how effective in real deployment case that the non-orthogonal schemes compete against the baseline orthogonal approach (OFDMA).  Of course, other issues need to be covered on, such as MA signature and DMRS collision.  This contribution presents a generalised DMRS design for wideband characterized non-orthogonal schemes.  However, certain details in design can be flexible and open to further optimization and improvements at this stage.  In addition, we share some view on occasion of MA signature and DMRS collisions. 
2. DMRS sequence generation and its resource mapping
2.1. DMRS multiplexing
In LSSA, multiple number of users’ signals are overlapped/multiplexed within a predefined set of MA physical resource.  Key method to multiplex users sharing the same frequency and time in a non-orthogonal way lies in the short block length bit-level permutation [3] pattern generation part, which can be called as user’s signature.  One key characteristic of the user specific short block permutation process is the low implementation complexity and latency.  Although further investigation for determining the block length remains, it can be kept usually less than 32 for various user deployment scenarios.  As suggested in [3], LSSA could allocate 6 RBs or more for user data transmission, whereas OFDMA can occupy as little as 1 RB.  
At a glance, it appears that the non-orthogonal schemes utilising wideband transmission have more flexibility in terms of DMRS design due to wide range of the available bandwidth.  However, since non-orthogonal schemes typically have overlapped user’s signals, it is more likely to have overlapping DMRS signal design as well rather than reserving separate MA physical resource for DMRS alone, due to resource minimization effort of overheads.  Therefore, design flexibility of DMRS sequence for wide-band non-orthogonal schemes actually becomes quite limited, especially considering the frequency selective fading channel environment.  Given from the general observation that low rate channel coding leads to overall BLER performance gain, a solution to trade-off problem to maximize the number of available DMRS patterns with minimal resource occupancy for achieving low overhead shall be devised.
As an example of design limitation, incorporating the DMRS multiplexing feature is possible if sufficiently small enough MA physical resource is allocated for DMRS unit in order to have some sufficient level of frequency flat and wide-sense stationary channel frequency response (CFR) measurement/estimation condition.  Otherwise, the DMRS sequence itself would induce large CFR estimation error.  The definition of “sufficiently small enough MA physical resource for DMRS” is a subjective term, but we think 1 RB (180 kHz), in terms of LTE numerology, is sufficiently narrow in terms of bandwidth, whereas one slot is also a sufficiently small time unit for observing relatively stationary CFR of MA DMRS physical resource, as illustrated as DMRS type 1 in figure 1.  


Figure 1 Example of proposed DMRS unit allocation in MA physical resource with LTE uplink numerology

Following the LTE uplink numerology, figure 1 shows reuse of DMRS sequence positions in terms of OFDM symbol locations within a slot/subframe.  Given the LTE uplink type OFDM symbol locations for DMRS transmissions, DMRS multiplexing is possible if all the dedicated OFDM symbols are allocated solely for DMRS transmission.
As a DMRS multiplexing design example, DMRS type 1 of figure 1 shows two DMRS symbols within a slot/RB.  Assuming channel frequency response is roughly the same within a PRB and slot, the maximum length of a sequence for sufficiently small enough MA physical resource in frequency domain is assumed 12 subcarriers, but we choose length 11 orthogonal DMRS sequence constructed from uplink DMRS sequence defined in TS 36.211, 5.5.1.1 [4] for maintaining orthogonality among generated cyclic shifted sequences. 
The length 11 Zaddoff-Chu sequences can be transmitted with length 2 orthogonal cover codes (OCC) to accommodate more DMRS multiplexing capability, as illustrated as type 2.  In effect, this corresponds to total of 22 possible orthogonal DMRS sequences multiplexing.  LSSA DMRS type 2 in figure 1 is devised for a case when mobility is not a strong concern but available MA physical resource is.  For type 2, comparison of BLER performance in high mobility scenario reveals that higher channel estimation error is compensated by lower channel coding rate, and rather a slight performance improvement can be observed compared to low mobility case. 
If more overloading feature is required, additional sequence can be generated if quasi orthogonal DMRS design is viable for a very low rate channel code system non-orthogonal MA design.  The augmentation of DMRS sequence by adding quasi-orthogonal sequence design is enabled by adding q-th root to the Zaddoff-Chu sequence.  However, as will be explained in the simulation section, the addition of quasi orthogonal DMRS multiplexing approach induces severe channel estimation error effect that it is generally not a recommended solution.

3. LLS evaluation of LSSA with DMRS
3.1. Comparison of high and low Doppler environment for different DMRS types
In this subsection, channel estimation performance of the proposed DMRS multiplexing scheme is evaluated under various configurations, particularly changing the number of DMRS symbols per slot and mobility environment.  The receiver antenna configuration is fixed to 1 transmit and 2 receive antennas.  Channel model is TDL-C with delay spread of DS=1295.2ns.  The average total received power is kept the same, and the SINR at eNB is defined as total received power over noise power in the given bandwidth.
Figure 2 shows a performance comparison of perfect channel estimation vs proposed DMRS with 300% overloaded case.  Total of 18 users are transmitted occupying 6 RB in frequency and 2ms in time.  Spreading factor is fixed to 6.  The DMRS performance is also compared with a single user transmission case as well.  As shown in figure 2 a), the performance gap between perfect channel estimation and the proposed type 1 scheme at high SINR region is around 1.8dB.  The SINR loss due to DMRS can be explained by many contributing factors, but channel selectivity within the RB is one of them.  Although channel selectivity within a RB is negligible, it is, in a strict sense, not totally flat at all, that minor frequency selectivity will cause some estimation inaccuracy due to DMRS de-spreading operation.  Thus, DMRS multiplexing itself can be accounted for some SINR loss as a result of channel estimation error.
Since there seems to be almost no loss of single user vs multi user transmission case at high SINR region, the performance gap between proposed DMRS and the perfect channel estimation with single user transmission case is also about 1.8dB.  However, at low SINR region, performance gap varies between transmission cases of comparison.  It is observed that the relative loss due to DMRS channel estimation error is lower at low operating SINR region, when multi-user transmission case is involved.  For high mobility case (120km/h), the Doppler effect on channel variation does not seem to have any significant impact on the channel estimation performance, but rather a slight time diversity is observed at high SINR region.
[image: ] [image: ]
(a)  Type 1, R=1/3, OF=300%                                       (b) Type 2, R=5/18, OF=300%
Figure 2 comparison of ideal channel estimation vs proposed DMRS schemes in 300% overloaded scenario
Type 2 of 1 DMRS symbol per slot is compared with type 1 of 2 DMRS symbols per slot.  Use of type 2 DMRS symbol increases the overall resource available for data transmission, resulting lower overhead.  As shown in figure 2 (b), lower overhead leads to low channel coding rate, and, thus, leads to overall enhanced BLER performance.  
The lower channel coding rate (R=5/18) compared to figure 2 (a) also leads to narrower performance gap between single user vs multi-user transmission case under perfect channel state information at the eNB.  The gap between ideal and DMRS based channel estimation performance is similar to the higher rate channel coding case (R=1/3), but the gap between ideal case widens in high SINR operating region.  For type 2, mobility leads to higher channel estimation error in contrast to type 1 case, where time diversity is exploited.
Observation 1: no significant performance degradation for 1 DMRS symbols per slot is observed compared to 2 DMRS symbols per slot.  
Observation 2: lower overhead frees available resources for low channel coding rate, leading to better overall BLER performance.  Thus, 1 DMRS symbols per slot structure is recommended.
3.2. Effect on DMRS collision
When two UEs select the same DMRS sequence/pattern, DMRS collision happens.  This effect not only leads to 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 user’s overlapped signal from the initial observed signal, particularly caused by incorrect channel estimation information.  
When either of DMRS collided user’s signal is somehow managed to be decoded without error, the receiver might assume the decoded user’s estimated channel frequency response is correct.  Thus, this receiver processing assumption/behavior has some link to generating unwanted interference to the received overlapped signal.  

[image: ] [image: ]
(a) Type 1, R=1/3, OF=300%                                           (b) Type 1, R=1/3, OF=200%
Figure 3 scenario when 2 user’s DMRS out of 18 or 12 users are collided
As shown in figure 3, a 2 user DMRS collision case is simulated and compared with no DMRS collision case.  Figure 3 (a) corresponds to 2 user DMRS sequence collision case out of 18 users, while figure 3 (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 overloaded cases, DMRS collision leads to significant BLER performance degradation.  Thus, it is best to avoid DMRS collision if possible.  Currently, the average DMRS collision probability is roughly 1/22, which is lower than target BLER 10%.  To lower the collision probability further, it might be desirable to augment the total available number of DMRS sequences.  An straightforward option to augment available DMRS sequences is to apply OCC length 4 with type 1 subframe structure, as shown in figure 4.  Based on the BLER observation that high mobility does not impact much on BLER performance, it is expected that DMRS sequence of 44 per subframe could work just as well as the number of DMRS sequences 22 version does.  
Although not shown in the above figures, an alternative way to mitigate BLER performance loss due to DRMS collision occation is to increase receive antennas. 
Observation 3: significant impact on overall BLER performance not only for the DRMS collided users but also other link level performance of MA physical resource sharing UL users can be observed.  



Figure 4 suggested DMRS placement of orthogonally covered code of length 4 for augmenting the size of orthogonal DMRS sequence set.
3.3. Effect on addition to quasi orthogonal DMRS sequences
Since the number of orthogonal sequence is limited, additional DMRS sequence can be generated using a Zaddoff-Chu root index q different from the used/generated orthogonal sequence.  As simulation results shown in figure 5 (a), addition of one or two orthogonal sequence with different root sequence impacts little to the overall averaged BLER performance of the UL.  However, if the proportion of sequences generated from different root becomes larger, it eventually contributes destruction of DMRS orthogonality, that severe interference during channel estimation is generated, as shown in figure 5 (b).
[image: ] [image: ]
(a) 1 user of quasi orthogonal DMRS                        (b) 3 users of quasi orthogonal DMRS
Figure 5 scenario when 1 or more users’ DMRS out of 12 users are quasi-orthogonal

4. [bookmark: _GoBack]Conclusion / Discussion
In this contribution we presented a generalised DMRS design for wideband characterized non-orthogonal schemes.  Following is our proposal: 
Observation 1: no significant performance degradation for 1 DMRS symbols per slot is observed compared to 2 DMRS symbols per slot.  
Observation 2: lower overhead frees available resources for low channel coding rate, leading to better overall BLER performance.  Thus, 1 DMRS symbols per slot structure is recommended.
Observation 3: significant impact on overall BLER performance not only for the DRMS collided users but also other link level performance of MA physical resource sharing UL users can be observed.  
Proposal 1: For non-orthogonal UL MA DMRS design, DMRS multiplexing technique can be considered as a good trade-off between link performance and overhead minimization for non-orthogonal multiple access scheme, supporting massive connectivity, low latency, and low complexity design.
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