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Introduction
This paper is the preliminary consideration for the high frequency UE output power and sensitivity. Radiated test is the common understanding for the HF UE RF requirements, but more details should be considered before defining the requirements.
Discussion
RAN1 assumptions summary and RAN4 impact
When RAN4 begin to discuss the output power and sensitivity, related RAN1 agreements and assumptions need to be aware because the two requirements are related to the cell coverage and many physical layer beamforming procedures. The following agreements for the evaluation assumptions are what we think related to MOP and REFSENS.
	Items
	RAN1 UE assumptions for above 6 GHz
	Possible RAN4 impact

	Maximum Tx power
	23 dBm for 30 GHz, 21 dBm for 70 GHz. EIRP should not exceed 43 dBm.
	Not sure if 23 dBm should be a reference for the reference architecture. 
If 23 dBm total PA power and 5 dBi antenna gain is assumed, 43 dBm EIRP means UE should have 32 total antenna elements.
EIRP requirement should be discussed. Both link budget and the implementation complicity should be considered when the requirement is discussed.

	Noise figure
	13 dB as baseline, 10 dB for high performance.
	Not sure how to interpret OTA requirements using the conducted NF as LTE TRS discussion was mostly based on measurement.

	Antenna element number
	Up to 32 Tx /Rx antenna elements
	It will impact EIRP, but if it’s mandatory for the earlier UE implementation should be discussed.

	Beam forming architecture
	Hybrid beam forming is assumed in the discussion.
	Potentially how many digital baseband chains and how many analog chains can be implementation dependent, but RAN4 needs to know how many layers should be supported as the baseline.

	UE Tx/Rx beamforming
	The assumption seems that UE can transmit or receive beam from any direction.
	UE needs to have good Tx/Rx radiated performance on the entire sphere. But implementation needs to pay much cost, it should be discussed further.



Observation 1: More consideration is needed before RAN4 reusing RAN1 evaluation assumptions to derive the requirements.
Reference architecture
Before the exact output power and sensitivity requirements are defined, usually RAN4 should have a reference architecture to move on. Our understanding is that the architecture is impacted by two aspects.
The first is how many UL/DL layers should be supported. In LTE, 1Tx/2Rx requirements were defined in R8 to support 1 Tx data layer and Rx diversity. In later releases, UL MIMO and 4Rx were defined. Although 4Tx/8Rx was supported already in RAN1, RAN4 defines requirements step by step according to the market demand and the art of technology. For NR, we have the same understanding that in the earlier stage, UE RF requirements can be defined considering both implementation and system performance to have baseline reference architecture.
The second is from system point of view what’re the requirements of UE output power and sensitivity. In LTE the conducted requirements/performances were considered and the antenna loss was included in MCL, but for NR HF, hybrid beam forming is assumed in RAN1 discussion, knowing PA output power is not enough to have a clear view on system performance. Antenna number is also needed because it impacts the final beam forming performance.
Therefore, RAN4 may need some guideline for example the minimum or mandatory UE performance. If target EIRP/EIS or TRP/TRS and Tx/Rx baseband chain number are agreed, implementation evaluation can be done further. Final agreement or compromise could be reached after discussion.
Observation 2: Some guideline on the target EIRP/EIS or TRP/TRS and Tx/Rx layers need to be provided before agreeing reference architecture.
Output power and sensitivity
Before the reference architecture is agreed, some general discussion related to output power and sensitivity still can be discussed in RAN4. In the agreed WF last meeting, for output power, EIRP was agreed to be defined but TRP FFS. For sensitivity, EIS is mentioned as needed, TRS was not mentioned in the WF. Our understanding is that for Tx/Rx, the approach may be similar. LTE OTA approach seems can’t be reused easily because for SISO TRP/TRS is defined and the requirements were defined according to the conducted requirements and the measurement. For NR HF, there will no conducted requirement and we’re not sure if measurement is available when the first spec is fixed. Furthermore, we think NR MIMO requirement can be second priority or it can be in the later MIMO OTA WI scope.
Considering radiated MOP/REFSENS, there’re at least 3 aspects should be discussed and agreed before the exact level agreement.
1) If both free space and hand/head phantom should be considered in the earlier stage.
2) If the entire sphere needs to be tested as done in TRP/TRS test. 
3) If the peak or average/total performance should be tested. 
Free space and phantom
In LTE TRP/TRS test, free space and hand/head phantom requirements are mandatory because not only free space performance is important but also hand and head impact the performance when device is held in hand or near the head. Theoretically, NR device requirement should also consider hand and head effect. However, as the NR HF requirement is in the very early stage, whether the same hand/head phantom can be reused should also be a big topic, we think the free space requirement can be in high priority to let the discussion more focusing on the general methodology.
Proposal: For output power and sensitivity, free space requirement is in the high priority. Phantom requirement can be studied when free space requirement is completed.
Test on entire sphere?
Entire sphere test seems reasonable considering the system performance. It’ll be a good system if UE can receive/transmit the signal from/to any direction, which is also the UE performance in 2G/3G/4G. In the current RAN/RAN1 discussion, high frequency antenna panel with high antenna gain such as 5 dBi for each antenna element is assumed. This assumption implies that the antenna pattern is not the same as the UE before, LTE antenna gain is 0 dBi but the antenna pattern is omnidirectional. RAN1 has some discussion for UE NR antenna that two antenna arrays or 4 antenna arrays can be used to cover 360 degree. But this may be ok for horizontal plane; on vertical plane 360 degree there’s still problem. There may be argument that more antenna arrays can be used, but we don’t think it’s a good way considering implementation complicity and cost. Especially for the LTE+NR(+UMTS/GSM) smart phones, we’re not sure if it’s a good commercial design. Therefore, RAN4 should make a decision if the whole sphere test is mandatory. We’re not sure because we don’t know if NR HF can be an extra service in addition to LTE and NR LF for some low end smart phone or if BS can be deployed very dense. If it’s true, UE NR HF signal covering can be relaxed a little to let the cost and implementation reasonable.
Observation 3: Entire sphere covering for HF will let the implementation very complicated and the cost is too large. RAN4 should make a decision if entire sphere covering is mandatory.
Best performance or average/total in the grids
Another issue is that the methodology detail should also be discussed such as if the best performance or average/total should be used when several grids are tested. Through the best performance, UE best coverage can be known. This approach has the drawback that some UE can have good performance at some direction buy very bad performance on other point which should be avoided. Therefore, total or average seems more useful. This aspect is also related to the issue described in section 2.3.2. If total, the beam range should be known, entire sphere or a declared range. Average works for both. LTE uses total performance for TRP/TRS. Our understanding is that average may need less tolerance which may be a challenge for the test system. But when total approach is used, EIRP/EIS is very similar with TRP/TRS just with a difference of antenna gain/beam forming gain. We can consider if TRP/TRS can be enough, no beam forming may bring benefit for the test procedure for example the complicated beam management. But this is a very preliminary thought; more consideration is needed when more conclusions are reached in RAN1.
Observation 4: It seems total or average performance rather than best performance is more reasonable for the test, TRP/TRS could be considered further. RAN1 beam management conclusions should also be the reference for RAN4 discussion.
Conclusion
This contribution provides some preliminary views on NR HF output power and sensitivity. We have the following proposal and observations.
Proposal: For output power and sensitivity, free space requirement is in the high priority. Phantom requirement can be studied when free space requirement is completed.
Observation 1: More consideration is needed before RAN4 reusing RAN1 evaluation assumptions to derive the requirements.
Observation 2: Some guideline on the target EIRP/EIS or TRP/TRS and Tx/Rx layers need to be provided before agreeing reference architecture.
Observation 3: Entire sphere covering for HF will let the implementation very complicated and the cost is too large. RAN4 should make a decision if entire sphere covering is mandatory.
Observation 4: It seems total or average performance rather than best performance is more reasonable for the test, TRP/TRS could be considered further. RAN1 beam management conclusions should also be the reference for RAN4 discussion.
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