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Background
UL MIMO for FR2 was discussed in RAN4 #86 bis [1] and [2]. In [2] it was proposed: Requirement for UL MIMO for FR2 should not preclude pattern based (conventional) UL MIMO.
In this document we will further discuss UL MIMO, based on polarization versus pattern based.
Discussion
In the conventional MIMO case multiple layers are transmitted in the same time-frequency resource. Polarization MIMO is restricted to two layers and may be seen as a special type of beamforming (a.k.a. precoding) in MIMO, where the two layers are transmitted in orthogonal polarizations. Under advantageous conditions (e.g. line of sight) the most favourable AoDs from the UE are identical for both polarizations. Hence, the same beam management procedure can be used for both polarizations in order to decide the precoding. Polarization based MIMO is schematically shown in Figure 1a.
Conventional MIMO, such as used in legacy LTE, is based on multipath propagation and different layers can be separated at the receiver by virtue of the multipath present in the channel. For mm-wave this means that for conventional MIMO (assuming two layers) the channel is sounded by beam sweeps, where pilot signals are transmitted in different directions. At the opposite side receive beams are swept. The optimal combination of two receive and two transmit beams are then selected for MIMO transmission. In this general case, each beam pair needs a dedicated beam management process. Pattern based MIMO is schematically shown in Figure 1b.
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[bookmark: _Ref514095314]Figure 1. Schematic description MIMO a. based on polarization and b. based on pattern.


Simulation set-up
In order to compare performance for polarization based MIMO versus pattern based MIMO simulations were performed and to study the differences on a high level an idealized environment was simulated. The following assumptions were made:
· 3GPP CDL models were used
· For polarization based MIMO a single beam with dual-polarization was generated from each side (UE or BS), pointing to the strongest cluster.
· For pattern based MIMO (i.e. conventional MIMO) two beams, each with single polarization, were generated from each side. The beams point to the two strongest clusters. Note, however, that in many cases (but not all) the two beams are directed to the same cluster and then use different polarizations. In other words: polarization based MIMO is a special case of pattern based MIMO.
· The simulation is idealized in the way a beam generated by both UE and BS is narrow enough to only “see” a single cluster in the channel.
· The theoretical channel capacity with high SNR and with low SNR assumption is calculated.
· The CDF of the SNR gain for pattern based MIMO compared to polarization based MIMO is presented.
Simulation results
The result is shown in Figure 2 for line of sight (LOS) according to channel model CDL-D and CDL-E. As expected there is no gain for pattern based MIMO over polarization based MIMO for LOS. Note that polarization based MIMO is a special case of pattern based MIMO. Since the same beam management process can be used for both beams, the system capacity can in fact be slightly higher for polarization based MIMO in LOS scenarios.
[image: ]
[bookmark: _Ref514097847]Figure 2. CDF of the SNR gain for pattern based MIMO compared to polarization based MIMO for LOS.

For non-line of sight (NLOS) the result is shown in Figure 3 simulated for channel models CDL-A, CDL-B and CDL-C. As can be seen there is a gain over polarization based MIMO. This gain is higher for high SNR. 
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[bookmark: _Ref514098308]Figure 3. CDF of the SNR gain for pattern based MIMO compared to polarization based MIMO for NLOS

From the above results we make the following observations:
Observation 1:	In LOS scenario, there is no additional gain by using pattern based MIMO.
Observation 2:	In NLOS, there is an average 3 dB gain in high SNR scenario, and 1.5 dB gain in low SNR scenario by using pattern based MIMO.
Observation 3:	The channel capacity can be increased if the UE can communicate with BS to choose the optimal MIMO scheme.
Conclusion
In this contribution UL MIMO has been discussed. In particular pattern based (conventional) MIMO has been compared with polarization based MIMO. The following observations are made.
Observation 1:	In LOS scenario, there is no additional gain by using pattern based MIMO.
Observation 2:	In NLOS, there is an average 3 dB gain in high SNR scenario, and 1.5 dB gain in low SNR scenario by using pattern based MIMO.
Observation 3:	The channel capacity can be increased if the UE can communicate with BS in order to choose the optimal MIMO scheme.
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