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Introduction
In [1], a new SID on NR coverage enhancement, it is made clear that service quality, CAPEX and OPEX are all heavily influenced by the coverage. Coverage analysis often does not take account of UE properties like spherical coverage. Such aspects of UE radiation properties should be taken into account in this Rel-17 study.
Coverage, both being a key parameter for end-user perceived performance and having a tight connection to the return of investment for an operator, relates very much to the UE performance. Several research projects over recent years show a dominant effect of UE radiation properties on coverage. In this contribution we motivate why we think that more realistic simulation assumptions including UE implementation aspects are essential from a RAN1 perspective. 


Discussion
UE spherical coverage 
Requirements on UE spherical coverage are specified by RAN4. The spherical coverage relates to the accumulated coverage obtained by multiple panels. To evaluate the influence of gNB awareness when it comes to UE panel state of activation, a definition of a UE panel is a prerequisite. Simulations carried out in [3] demonstrate this phenomenon, where the average cell throughput is proportional to the UE spherical coverage enhancement. One can also expect that the UE spherical coverage will matter even more when the UE is at the cell edge.  
Observation 1: UE spherical coverage performance for FR2 dominates the cell coverage and is essential to include in the simulations. 
To take into account the spherical coverage of the UE, CDL channel models shall be adopted in the future simulations to study the coverage enhancement in FR2. 
Proposal 1: UE spherical coverage for FR2 needs to be included in the simulations for FR2 with CDL channel models, a UE multi panel configuration needs to be agreed among companies.
In relation to spherical coverage, the beam correspondence (BC) is also a critical metric to determine the network coverage. Though RAN1 generally thinks of BC as a mandatory feature for UE, RAN4 requirement actually allows certain UEs to use uplink beam sweeping to meet the spherical coverage requirement. In addition, all UEs will lose the BC capability when the SINR level drops below a certain level due to the estimation error on L1-RSRP. Therefore, it is important for RAN1 to investigate the BC performance and define necessary enhancement in the low SINR scenario as part of this coverage enhancement SI. 
Proposal 2: RAN1 shall study the beam correspondence performance in low SINR and define necessary mechanism to enhance the network performance. 

Outage probability
As a baseline for studying the coverage enhancement, it can be noted that coverage not only relates to the data rate but also outage is highly relevant. Therefore, in addition to the data rate, outage probability shall also be taken as a baseline metric, which is particularly critical for FR2. 
Proposal 3: Outage probability is highly important and needs to be included as a baseline metric in the simulations for FR2.

Polarization aspect of the link
It can be expected that the polarization properties of reference signals (i.e. SSB, CSI-RS and SRS) influence the coverage. Therefore, polarization properties of the propagation channel and UE panels is relevant, in particular the UE capability of aligning the polarization. It is worthy mentioning that in RAN4 specification, dual polarized UE antennas have been taken as a baseline assumption to derive RF requirement since Rel-15 [4]. 
[bookmark: _GoBack]Proposal 4: Polarization properties of reference signals to be studied.

DMRS configuration
In [1] DMRS-less PUSCH transmission is proposed. We agree that at low SNR there is likely an advantage to reduce the DMRS signals and re-use the resources to increase the redundancy (i.e. SNR). It can be studied if reducing the DMRS density also in frequency domain is advantageous.
Proposal 5: DMRS density in frequency domain can be studied.

Other aspects
For FR2 the channels are more directional (e.g., with regard to dispersion and diffraction properties) than for FR1. Therefore, the advantage of including relay/reflectors in the simulations would be desirable. 

Baseline simulation assumptions 
A set of simulation assumptions are listed in Table I. The list is not complete but contain parameters we believe are needed for the evaluation of the above factors. 

Table I. Simulation assumption for studying the coverage enhancement in FR2.
	Parameter
	Comment

	VoIP data rate (UL/DL)
	For FR2 VoIP has 2nd priority [1].

	eMBB data rate (UL / DL)
	For FR2 there are 3 scenarios defined in [1].

	CORESET for PDCCH
	Potentially also of interest for FR2.

	Link level channel
	CDL is essential for FR2 simulations due to the directivity.

	Velocity
	Low speed.

	SCS and duplexing
	TDD, as a starting point Table 6.1.1-1in [2] can be used.

	Number of UE TX / RX antennas
	UE with multi-panel (e.g. N).
1. Number of antenna elements per panel (e.g. 4,1,2)
2. Panel coverage angles (i.e. element radiation pattern, e.g. according to Table 6.1.1-2 in [2])
3. Panel relative orientation
4. Beam/polarization coherent operation capabilities.

	Sub scenario
	User body effect for handheld UE.

	UE orientation
	Spherically random.

	Number of gNB RX/TX antennas
	Companies need to agree on antenna configuration on gNB for the various scenarios. As a starting point for discussions Table 6.1.1-3 and Table 6.1.1-4 in [2] can be used.


	DMRS / CSI-RS / other reference symbol configuration
	Limit to UE using single layer DFT-S-OFDM for the PUSCH transmission.

	Waveform
	UE at the cell edge is likely to transmit with full power for uplink, a waveform scheme with low PAPR is likely to be used. Therefore, we think DFT-S-OFDM can be adopted as a baseline wave-form.





Conclusions
This document has considered simulation assumptions for coverage enhancements for FR2 and makes the following observations and proposals:

Observation 1: UE spherical coverage performance for FR2 dominates the cell coverage and is essential to include in the simulations. 
Proposal 1: UE spherical coverage for FR2 needs to be included in the simulations for FR2 with CDL channel models, a UE multi panel configuration needs to be agreed among companies.
Proposal 2: RAN1 shall study the beam correspondence performance in low SINR and define necessary mechanism to enhance the network performance.
Proposal 3: Outage probability is highly important and needs to be included as a baseline metric in the simulations for FR2.
Proposal 4: Polarization properties of reference signals to be studied.
Proposal 5: DMRS density in frequency domain can be studied.
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