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Discussion and Decision
1
Introduction
During the RAN1#88 meeting, the following working assumption was made regarding the maximum number of orthogonal DMRS ports [1].
	· Support at least the following design of DL DM-RS for data channels 
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO

· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations



In this contribution, we present system level simulation results regarding the performance benefits of supporting various numbers of DMRS ports. In Section 2, we present results for a 32-port array operating with a Rel-14 codebook performing MU-MIMO with limits on the maximum number of spatial layers that can be scheduled. In Section 3, we present results for a 64-port array operating based on ideal single antenna SRS.
2
Simulations with a codebook-based system
We consider a 32-port array operating with the 32-port Rel-14 codebook at 2GHz in the 3D-UMa scenario in 36.873 [2]. The detailed parameters are as follows. 
· Array configuration at the gNB: 
· physical port arrangement: 8 rows, 16 columns, 2 polarizations, half wavelength between columns.  
· 32 TXRUs: with logical arrangement: 1 row, 16 columns, 2 polarizations, 10 degree electrical downtilt
· 3D UMa at 2GHz according to [2], modified to include 30 active users per cell on average. 
· 20MHz system bandwidth

· Codebook: LTE Rel-14 32-port config 2, ideal PMI selection and ideal PMI feedback
· Frequency-selective scheduling and transmission, 10 sub-bands over the system bandwidth
· MU-MIMO with proportional fair greedy user pairing

· Maximum layers per UE is 2 (UEs perform rank adaptation)
· Maximum MU layers = maximum number of spatial layers to be transmitted across all paired users. The number of layers across all paired users will not exceed this maximum number.  
· Ideal DMRS reception

Figure 1 shows the mean UE throughput and cell edge throughput for the system described above. The mean and cell edge throughputs are plotted as a function of the maximum number of MU layers, where the maximum number of MU layers is 8, 12, 16, and 20. The mean and cell edge throughputs in Figure 1 are plotted as a percentage gain relative to the case with maximum MU layers = 8. Note that there is a 10% gain in mean UE throughput by increasing the maximum number of MU layers from 8 to 12, but only a 3% improvement from increasing the maximum number from 12 to 16. For cell edge, there is a roughly 5% gain from going from maximum 8 layers to maximum 12 layers, but very little gain from having more than 12 layers. Increasing the maximum number of MU layers beyond 16 provides no gain either on mean or cell edge performance. 
Observation 1: in 3D-UMa at 2GHz with the 32-port Rel-14 codebook, the benefits of increasing the maximum number of MU layers beyond 12 are minimal. 


[image: image1]
Figure 1. Gain in mean UE throughput and cell edge throughput for 3D UMa, 2GHz, with 32 port Rel-14 codebook, max layers per UE = 2. Gain is relative to Max Layers = 8.
3
Simulations with an SRS-based system 
In this section, we consider a 64-port array operating in 3D-UMi at 3.5GHz according to [2]. The detailed parameters are as follows.

· Array configuration at the gNB: 

· physical port arrangement: 8 rows, 4 columns, 2 polarizations, half wavelength between columns.  

· 32 TXRUs: with logical arrangement: 1 row, 16 columns, 2 polarizations, 10 degree electrical downtilt

· 3D UMi at 3.5GHz according to [2], modified to include 30 active users per cell on average. 

· 20MHz system bandwidth

· Ideal single antenna SRS transmitted by the UEs

· Frequency-selective scheduling and transmission, 10 sub-bands over the system bandwidth

· MU-MIMO with proportional fair greedy user pairing

· Maximum layers per UE is 1 (UEs does not perform rank adaptation)

· Maximum MU layers = maximum number of spatial layers to be transmitted across all paired users. The number of layers across all paired users will not exceed this maximum number.  

· Ideal DMRS reception

Figure 2 shows the mean UE throughput and cell edge throughput for the system described above. As in the previous section, the mean and cell edge throughputs are plotted as a function of the maximum number of MU layers, where the maximum number of MU layers is 8, 12, 16, 20, and 32. The mean and cell edge throughputs in Figure 1 are plotted as a percentage gain relative to the case with maximum MU layers = 8.  

Note that there is a 14% gain in mean UE throughput from increasing the maximum number of MU layers from 8 to 12, but approximately a 1% improvement from increasing the maximum number from 12 to 16. For cell edge, we see a 4% gain from going from maximum 8 layers to maximum 12 layers, but very little gain from having more than 12 layers.  Increasing the maximum number of MU layers beyond 16 provides no gain either on mean or cell edge performance.

Observation 2: For 3D-UMi at 3.5GHz with an SRS based system, the benefits of increasing the maximum number of MU layers beyond 12 are minimal.  
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Figure 2. Mean UE throughput and cell edge throughput for 3D UMi, 3.5GHz, with ideal single-UE-antenna SRS, max layers per UE = 1
4
Discussion

Interestingly the results in both Section 2 and 3 point to the same conclusion that more than 12 MU layers bring rather little gain on the system level, at least in downlink The results in both sections were generated with densified scenarios (30 active UEs per cell) which provide a high degree of opportunity to exploit MU-MIMO. Furthermore, the DMRS transmission and reception was ideal in these simulations, and the use of realistic or non-ideal DMRS is expected to reduce the benefits of scheduling a higher number of MU layers. Therefore, for NR as it currently stands, confirming the working assumption of a maximum of 12 DMRS ports is reasonable at this time.  

Proposal 1: Confirm the working assumption that the maximum number of DMRS ports shall be at least 12 in NR.  
However, because the ability to achieve system-level gains from multiplexing higher numbers of UEs is highly dependent on the quality of the CSI feedback, there are few points of concern going forward. First, it is highly likely that the addition of high resolution feedback into a future phase of NR will enable benefits to be seen by scheduling more than 12 layers. Second, it is possible that scheduling more than 12 layers might be a necessary condition for such high-resolution feedback techniques to provide significant gains over the CSI acquisition techniques currently under study for the current phase of NR. Third, the current investigations are covering only downlink operation, however the number of layers multiplexed in UL remains to be investigated. If these points are found to be true in a future phase of NR, then any agreements on the maximum number of DMRS ports should be revisited.  
Proposal 2: Revisit any agreements regarding the maximum number of DMRS ports when any advanced high performance CSI feedback schemes are adopted into a later phase of NR.  

Proposal 3: Consider the amount of MU layers in both DL and UL.
5
Conclusions
In this contribution, we provided the following observations with respect to the maximum number of DMRS ports to support in NR.
Observation 1: in 3D-UMa at 2GHz with the 32-port Rel-14 codebook, the benefits of increasing the maximum number of MU layers beyond 12 are minimal. 

Observation 2: For 3D-UMi at 3.5GHz with an SRS based system, the benefits of increasing the maximum number of MU layers beyond 12 are minimal.  
Based on the above observations, we made the following proposals: 

Proposal 1: Confirm the working assumption that the maximum number of DMRS ports shall be 12 in NR.  
Proposal 2: Revisit any agreements regarding the maximum number of DMRS ports when any advanced high performance CSI feedback schemes are adopted into a later phase of NR.  
Proposal 3: Consider the amount of MU layers in both DL and UL.
References

[1] Chairman’s Notes RAN1#88, Athens.
[2] 3GPP TR 36.873 Study on 3D Channel Model for LTE
[image: image3.png]16.0%
14.0%

Z 12.0%
10.0%
8.0%
6.0%
4.0%

Throughput (Mb

2.0%
0.0%

3D-UMa @ 2GHz, 20MHz Bandwidth
32-ports (1,16,2), Rel-14 CB, Max Layers per UE = 2

13.2% 13.4%
10.4%
6.5% 6.4%
5.4%
0.0% 0.0% I I
Max Layers = 8 Max Layers = 12 Max Layers = 16 Max Layers = 20

m Mean UE Throughput  m Cell Edge Throughput



