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1. Introduction
In the RAN1 meeting #86, several agreements regarding UE rotation were made as followings:
· Study impacts of UE movement, rotation and/or channel/beam blockage w.r.t. following aspects
· UE/TRP beam change 
· CSI mismatch from CSI reporting instance to data transmission instance
· Study at least the following techniques under the consideration of UE movement, rotation and/or channel/beam blockage including
· Beam management of UE/TRP Tx/Rx beams
· Transmission/reception techniques to provide more robustness (e.g. semi-OL MIMO transmission, beam cycling, beam broadening)
In this contribution, we first address the impact of UE rotation. Then, we discuss potential solutions to solve the problems due to UE rotation. 
Motivation on UE rotation
[image: ]
Figure 1. An example of beam misalignment between BS and UE
In the past, it had been common assumption that UE is deployed with omni-directional antennas. The assumption might not be appropriate in above 6 GHz. To circumvent path loss problem in high frequency band, higher link gain is essential and thus beamforming at UE as well as TRP is being considered over 6 GHz. The highly directional links result from sharp beams at both UE and TRP are much more sensitive to dynamic environments compared to the conventional links. One of dynamic environments is due to the UE rotation which comes from rotational movement of handset/wearable devices such as smartphone and VR. The UE rotation can lead to beam misalignment between BS and UE as shown in Figure 1. 
Analysis on the impact of UE rotation
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Figure 2. Horizontal beam patterns for ((M,N,P,Mg,Ng) = (2,4,2,1,2))
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Figure 3. Horizontal beam patterns for ((M,N,P,Mg,Ng) = (2,4,2,1,4))
In this section, we analyze the impact of UE rotation with respect to UE rotation speed and antenna configurations. UE can be rotating with random direction based on UE rotation feature in TR38.900. For simplicity, we assume that UE is rotating with fixed speed of up to120 RPM (i.e., 0.72°/msec) and only the bearing angle in this paper. In order to evaluate the impact of UE rotation, we consider beam pattern gain at the UE side. Figure 2 represents the horizontal beam patterns of ((M,N,P,Mg,Ng) = (2,4,2,1,2)) with (dV,dH)=(0.5λ,0.5λ). The position of 2 panels (Mg=1,Ng=2) is set to Θmg,ng=90 and Ω0,1=Ω0,0+180. In this figure, left side one shows beam gain in dB scale and right side one denotes beam pattern in linear scale in the polar coordinate plane. From Figure 2, we can see that the two panels is hard to cover 70° ~ 110° and 250° ~ 290° of azimuth angle. Then, we consider 4 panels at the UE side as shown in Figure 3. Figure 3 represents the horizontal beam patterns of ((M,N,P,Mg,Ng) = (2,4,2,1,4)) with (dV,dH)=(0.5λ,0.5λ). The position of 4 panels (Mg=1,Ng=4) is set to Θmg,ng=90; Ω0,3= Ω0,2+90= Ω0,1+180= Ω0,0+270. In all simulations, we employ DFT vectors for horizontal weights. From the results in Figure 2 and 3, the following observation can be made:
Observation #1: Deploying 4 panels at the UE well covers all azimuth angles more evenly compared to that of 2 panels. 
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Figure 4. Horizontal beam patterns for ((M,N,P,Mg,Ng) = (4,8,1,1,2)) [image: ]
Figure 5. Horizontal beam patterns for ((M,N,P,Mg,Ng) = (4,8,1,1,4))
In Figure 4 and 5, we also provide the horizontal beam patterns of ((M,N,P,Mg,Ng) = (4,8,1,1,2)) and ((M,N,P,Mg,Ng) = (4,8,1,1,4)) to check the effect of the number of antennas at each panel. 
For simplicity in the evaluation, we assume that only one dominant cluster is located in AoA =0° with 20 rays. The AoA of each ray is generated from TR38.900 with cASA = 8° and fixed during the simulations. Also, we consider UE beam management where UE selects the best Rx beam with the highest Rx beam pattern gain. In this context, we assume that ideal UE beam change can be dynamically performed without any time delay.
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Figure 4. Beam gain variation for ((M,N,P) = (2,4,2)) with respect to time 
for 50 RPM (blue line) and 120 RPM (red line)
Then, Figure 4 shows UE beam gain variation for ((M,N,P) = (2,4,2)) with respect to time for various UE rotation speeds (50 RPM : blue line, 120 RPM : red line). For cases without beam change in Figure 4, there are 11.5 dB and 2.5 dB of UE beam gain variation with 30 msec time delay for 120 RPM and 50 RPM, respectively. We also see that the beam gain variation with ideal UE beam change shows much smaller than that without UE beam change. Here, the time varying pattern of beam gain with ideal UE beam change for 120 RPM seems to be periodic due to the symmetric Rx beam pattern as shown in Figure 2 and 3. Then, we can easily expect that the beam gain variation with ideal UE beam change for 50 RPM would also be periodic with the similar shape comparable with that for 120 RPM. Moreover, the maximum UE beam gain variation of 2 panels (Mg=1,Ng=2) is about 10.6 dB. On the other hand, the maximum UE beam gain variation of 4 panels (Mg=1,Ng=4) is about 6.7 dB since it can cover 70°~110° of azimuth angle with higher beam gain compared to that of 2 panels as shown in Figure 2 and 3. 
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Figure 5. Beam gain variation for ((M,N,P) = (4,8,1)) with respect to time 
for 50 RPM (blue line) and 120 RPM (red line)
Also, Figure 5 presents UE beam gain variation for ((M,N,P) = (4,8,1)) with respect to time for various UE rotation speeds (50 RPM : blue line, 120 RPM : red line). For cases without UE beam change, UE beam gain variation for ((M,N,P) = (4,8,1)) is more severe at 20 msec than that for ((M,N,P) = (2,4,2)) about 6 dB for 120 RPM. Also, the maximum UE beam gain variation of 2 panels (Mg=1,Ng=2) is about 6.7 dB. On the other hand, the maximum UE beam gain variation of 4 panels (Mg=1,Ng=4) is about 4.2 dB. From the simulation results, the follow observations can be made:
Observation #2: Without UE beam change, 11.5 dB and 2.5 dB beam gain variation were observed with 30 msec time delay in cases of 120 RPM and 50 RPM, respectively, when ((M,N,P) = (2,4,2)).
Observation #3: With ideal UE beam change, it is shown that the maximum UE beam gain variations of 2 panels and 4 panels are limited to 10.6 dB and 6.7 dB for ((M,N,P) = (2,4,2)).
Observation #4: Without UE beam change, 12.5 dB and 5 dB beam gain variation were observed with 30 msec time delay in cases of 120 RPM and 50 RPM, respectively, when ((M,N,P) = (4,8,1)).
Observation #5: With ideal UE beam change, it is shown that the maximum UE beam gain variations of 2 panels and 4 panels are limited to 6.7 dB and 4.2 dB for ((M,N,P) = (4,8,1)).
Observation #6: UE beam change should be considered to compensate the performance loss due to UE rotation.
Considering the impact of UE rotation, we discuss several potential solutions as follows.
Potential solutions
· UE centric beam management


Figure 3. An example of beam management procedures with reference signals
When both TRP and UE side beamforming are adopted, beam management procedures are required to find the best TRP/UE Tx/Rx beams. For example, UE can identify the best Tx beam of TRP and also the best Rx beam of UE by using the downlink reference signal/pilot sequence as shown in Figure 3. If the communication link is static and devices are stationary, the best Tx/Rx beams of the beam sweeping can stay valid for a long period of time. However, as mentioned above, the UE rotation could change the channel very dynamically so that faster beam change may be needed to alleviate the negative impacts. Since the rotational behavior of UE is detectable more easily at the UE side by observing variations of channel measurements and possibly by information from sensors adopted inside the UE. Thus, it should be supported that UE triggering based beam change procedure to perform faster beam change. 
Proposal #1: UE triggering based beam management should be supported in NR.
· Almost isotropic beam/antenna pattern
For highly rotatable UEs, it would be safe way to design antenna/beam pattern close to isotropic as much as possible. This design could sacrifice coverage. When the usage of above 6GHz bands is limited as complementary (i.e. non-standalone), however, the coverage issue might not be a critical issue in terms of connectivity. In that situation, nearly isotropic pattern can be considered as a UE antenna design. 
Proposal #2: Consider omni-directional single or cross-pol antenna for UE above 6 GHz.
·  (Semi) OL MIMO
If UE rotation occurs, feedback channel reported by the UE can be outdated. Since the outdated channel may lead to deteriorate the performance of closed loop MIMO, we can consider (semi) open loop MIMO techniques. In [1], it is considered that a group of directional beams can be exploited instead of a directional beam. In this case, a UE feedbacks the group of directional beams with considering the direction of UE rotation, and eNB employs semi OL MIMO techniques by using beam cycling within the group of beams. 
 Proposal #3: (Semi) OL MIMO techniques can be taken into consideration when UE rotates.
· MCS back-off
In addition, allocated modulation and coding scheme (MCS) level may not be able to be supported when UE rotates to a SNR decreasing direction. In that situation, smart MCS back-off methods can be helpful to avoid unnecessary retransmissions. Since UE rotation behaviour is detectable more easily at the UE side rather than at the TRP side by nature, UE centric back-off mechanisms should be considered. 
Proposal #4: UE centric MCS back-off mechanisms should be studied for NR.
2. Conclusion
In this contribution, we have studied the impact of UE rotation and observed as following:
Observation #1: Deploying 4 panels at the UE well covers all azimuth angles more evenly compared to that of 2 panels. 
Observation #2: Without UE beam change, 11.5 dB and 2.5 dB beam gain variation were observed with 30 msec time delay in cases of 120 RPM and 50 RPM, respectively, when ((M,N,P) = (2,4,2)).
Observation #3: With ideal UE beam change, it is shown that the maximum UE beam gain variations of 2 panels and 4 panels are limited to 10.6 dB and 6.7 dB for ((M,N,P) = (2,4,2)).
Observation #4: Without UE beam change, 12.5 dB and 5 dB beam gain variation were observed with 30 msec time delay in cases of 120 RPM and 50 RPM, respectively, when ((M,N,P) = (4,8,1)).
Observation #5: With ideal UE beam change, it is shown that the maximum UE beam gain variations of 2 panels and 4 panels are limited to 6.7 dB and 4.2 dB for ((M,N,P) = (4,8,1)).
Observation #6: UE beam change should be considered to compensate the performance loss due to UE rotation.
[bookmark: _GoBack]From the Observation, we propose as followings:
Proposal #1: UE triggering based beam management should be supported in NR.
Proposal #2: Consider omni-directional single or cross-pol antenna for UE above 6 GHz.
Proposal #3: (Semi) OL MIMO techniques can be taken into consideration when UE rotates.
Proposal #4: UE centric MCS back-off mechanisms should be studied for NR.
3. Reference
R1-1609251, “Discussion on Semi-OL MIMO for NR”, LG Electronics
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