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1 Introduction
Based on the LS from ITU-R WP 5D [1], a Study Item was approved in RAN#103 to task RAN4 to study the IMT parameters relevant for sharing and compatibility for the frequency ranges, and to send LS reply to ITU-R WP 5D directly (cc to RAN) [2].
In RAN4#110, RAN4 set up the following estimated completion dates for the work although those are challenging and may need more time to complete parameters at 14.8 – 15.35 GHz [3]:
· 4 400-4 800 MHz	Estimated date for completion: May 2024 (RAN WG4#111)
· 7 125-8 400 MHz	Estimated date for completion: August 2024 (RAN WG4#112)
· 14.8-15.35 GHz	Estimated date for completion: November 2024 (RAN WG4#113)
In RAN4#110-bis, the first SI discussion was initiated focused on the 4GHz frequency range. For the other two frequency ranges, some discussion points are summarized based on input contributions to encourage companies in subsequent meetings [4]. In this contribution, we would like to provide our initial views on the IMT parameters for 15 GHz, which is the range of 14.8-15.35 GHz.
2 Discussion
For the 15 GHz range, it was agreed to conduct coexistence studies and leave them on the TR on top of radio and antenna parameters at the frequency ranges. During the first discussion in RAN4#110-bis, both coexistence study and parameters were discussed, and UE antenna array options were captured in the WF as below [4]:
	Issue 3-1 Common understanding on UE antenna array options
· Option 1: “UE beamforming” (FR2 like)
· Assumed to be FR2 like UE, with two panels similar to Rel-14 NR study 38.803
· Analogue like beamforming
· Option 1a: 2x2 antennas per panel 
· Option 2: FR1 like
· Assumed to be FR1 like UE with more than one TX/RX antenna
· Isotropic antennas
· Option 2a: 2 TX
· Option 2b: 4 TX
· Option 2c: 4 RX
· Option 2d: 6 RX
· Option 2e: 8 RX



As shown in the WF [4], Option 1 assumes FR2 like UE beamforming antennas, which can provide high directional gain on EIRP. However, based on the experience in FR2 and previous studies in the 7-24 GHz [5], the main consideration should be whether such beamforming is beneficial even for the handheld UE form factor at the target range, i.e., 15 GHz. For example, given that 1x4 phase array antennas have been assumed for the FR2 requirements from Rel-15, and is widely adopted in FR2 handheld UEs up to now, it could be foreseen that smaller antenna arrays, e.g. 2×1, or individual antenna element could be used. Therefore, taking the complexity of beam management into account, the benefit from using a beam steering antenna system with such a small number of elements need to be considered.
Observation 1: For Option 1, taking the complexity of beam management into account, the benefit from using a beam steering antenna system with such a small number of elements need to be considered.
Similar to the Rel-16 study in [5], we have checked the potential UE antenna characteristics on the frequency range. In terms of the array antenna size, the typical spacing between elements of the array antenna can be half wavelength, and further decrease in spacing will cause the negative impact on the antenna gain and coupling problems among each element. Therefore, the total size of array can be determined according to the arrangement of the antennas as shown in Figure 1. 
Also, for the possible number of antenna modules/panels at 15 GHz, it should be noted that it is not even easy to mount single patch antennas on four edges or the backside of the smartphone considering the larger array size and the already-packed smartphone space as shown in Figure 2.
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Figure 1: Estimated antenna size at 15 GHz
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Figure 2: Main PCB size of a foldable smartphone
Therefore, in our understanding, it would not make sense to expect the similar uplink and downlink performances when compared with FR2, considering the estimated antenna array size and number of modules.
Observation 2: It would not make sense to expect the similar uplink and downlink performances when compared with FR2, considering the estimated antenna array size and number of modules.
Regarding Option 2, FR1 like isotropic UE antennas, it was discussed how many antennas should be considered for transmission and reception to achieve better uplink and downlink performances at the higher frequency range than FR1. Theoretically in the 15 GHz band, the higher number of receive antennas than used for FR1 above 2.5GHz, e.g., 6Rx or 8Rx, could be implemented taking into account the smaller antenna size, required diversity/throughput gain against the path loss. Also, according to the PA performance in [5] and studied recently, it should be considered that both Psat and PAE could have reduced much compared with PAs operating in FR1, e.g., 6 dB lower than PC3 with legacy waveform, even they would be higher than those in FR2. In that sense, multiple Tx operation with FR1 like antennas may be appropriate for 15 GHz uplink.
However, it should be also noted that increasing the number of antennas is not necessarily guarantee the better performance given the higher frequency ranges and the limited form factor. For example, implementing additional antennas will result in the increased coupling among antennas, leading to a degradation in MIMO performance. Since the insertion loss per unit length is much higher in 15 GHz, it would be not easy to optimize all the antenna feeding lines, e.g., up to 8Rx, to ensure the better performance.
Observation 3: For Option 2, it should be also noted that increasing the number of antennas is not necessarily guarantee the better performance given the higher frequency ranges and the limited form factor.
Therefore, RAN4 needs more discussions to find out the optimal balance between Option 1 and Option 2 with observations above for the better performance than legacy UEs in FR1 and FR2. In our view, some link budget analysis in the future would help accelerating the discussion for example.
Observation 4: RAN4 needs more discussions to find out the optimal balance between Option 1 and Option 2 for the better performance than legacy UEs in FR1 and FR2.
3	Conclusion
This contribution provides following observations and proposals to be considered by this meeting. 
Observation 1: For Option 1, taking the complexity of beam management into account, the benefit from using a beam steering antenna system with such a small number of elements need to be considered.
Observation 2: It would not make sense to expect the similar uplink and downlink performances when compared with FR2, considering the estimated antenna array size and number of modules.
Observation 3: For Option 2, it should be also noted that increasing the number of antennas is not necessarily guarantee the better performance given the higher frequency ranges and the limited form factor.
Observation 4: RAN4 needs more discussions to find out the optimal balance between Option 1 and Option 2 for the better performance than legacy UEs in FR1 and FR2.
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