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1. Introduction

In RAN1#86bis, multi-panel structure at both TRP and UE was discussed and agreed as follows:
Agreements:

· Study at least the following different multi-panel structures at both TRP and UE

· Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in [1] as an example)

· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in [1] as an example)

· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE

· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis

In this contribution, we address the issue of UE antenna array implementation in reality and then discuss UE antenna array structure for above 6GHz NR.
2. Discussion on UE antenna array structure for above 6GHz 
2.1. UE-side panel array deploy aspects
 For NR, multi-panel structure is desired for above 6GHz bands, and thus uniform and non-uniform multi-panel structure is a good starting point for the discussion of UE antenna array model. For efficient implementation of UE antenna array, we need to consider the hand-gripping issue in reality. If all UE antennas are located in a certain small space, the performance will be very sensitive to blocking by hand, face, or other obstacles. 
Regarding the hand-gripping issue, we need to consider relatively far-separated UE antenna array structure for the realistic solution of UE antenna implementation. For example, we assume a handset supporting 28GHz bands communication with bidirectional panel array where each panel has 2-by-2 cross-pole antenna panel with half-lambda spacing between antenna elements as shown in Figure 1. Then, the distance between two adjacent antennas from different panels could be more than 6λ in horizontally, and 14λ vertically. 
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Figure 1. Non-uniform antenna structure
By locating UE-side panel arrays far apart with non-uniform antenna structure, UE-side signal reception reliability can be enhanced while reducing the impact of RF mismatch in real-life scenario. In addition, it can provide flexibility in hardware design aspects considering the size of antenna panels with a large number of antenna arrays rather than locating UE antenna arrays all together.
Proposal 1: Support far-separated panel array for UE-side at least. (i.e., space between two adjacent antennas from different panel can be more than 10λ)
2.2. Beam/Antenna pattern design aspects
It is common assumption that UE is deployed with omni-directional antennas in the past, but this 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. 
On the other hand, various types of UE should be taken into account. For instance, UE mobility aspects are extremely diverse from very high speed and highly rotatable UEs (i.e., handset) to no speed and unlikely rotatable UEs (i.e., factory machines). Also, for NR, types of UE can be categorized based on the use cases. (e.g., URLLC and eMBB) Especially for highly rotatable UEs such as handset and VR, or for UEs supporting URLLC use cases, the beam misalignment problem between BS and UE can be a crucial problem when UE has directive antenna or antenna array as shown in Figure 2. 
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Figure 2. An example of beam misalignment between BS and UE
Although we have agreed to use panel array model based on directive antennas for above 6GHz NR evaluations, therefore, an omni-directional single antenna (or cross-pol antenna) needs to be supported for highly rotatable UEs, or for URLLC UEs in reality while coverage issue still remains. If above 6GHz bands are used for complementary purpose only (i.e. non-standalone), for example, providing robustness by sacrificing coverage can be a better choice because connectivity can be provided by below 6GHz NR or legacy network. It is also possible to consider a UE having both omni-antenna and directional antenna array. Accordingly, NR study on techniques for the scenario with multiple TRP beams but single UE beam should also be taken into account.
Proposal 2: Support omni-directional single or cross-pol antennas for UE above 6 GHz NR.
3. Conclusion

In this contribution, we have discussed the UE antenna array structure for above 6GHz NR. The proposals are listed as follows:
Proposal 1: Support far-separated panel array for UE-side at least. (i.e., space between two adjacent antennas from different panel can be more than 10λ)
Proposal 2: Support omni-directional single or cross-pol antennas for UE above 6 GHz NR.
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