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1 Introduction
The B42 and B43 UE-UE coexistence issue has been extensively discussed in RAN4 for several meetings. This contribution further discussed the potential solutions and proposed the way forward.

2 Potential solutions

2.1
A1: Stringent requirement + A-MPR
Description: 
Specify a stringent coexistence requirement, e.g. -50dBm/MHz @ 5MHz offset, and define a new network signalling NS_x to satisfy the requirement.
Analysis: 
It’s decided to not define new network signalling for existing operation bands to avoid potential unknown UE behaviours according to previous related discussions. There may be an alternative solution via A-MPR versioning [1]. The network signalling is to be introduced in an open release (release 12) as a mandatory requirement. The requirement should be optional for freeze release and the UE could indicate whether it can support the new network signalling by UE capability report.  The network can realise which requirement the UE follows via A-MPR versioning signalling and make a right decision. For example, the network may make some scheduling restrictions of uplink RB allocation or power or even bar these UEs not supporting the new network signalling and stringent requirement. 

Therefore, it seems to be feasible to define a new network signalling to solve the problem. However, according to previous experience, tens of dB A-MPR is required to achieve the stringent coexistence requirement. The huge A-MPR will lead to poor cell coverage and low power efficiency. This will make the frequencies not usable. 
	Pros
	Cons

	· Good coexistence performance
	· Unknown behaviour for legacy UEs to received a new NS value
· Large A-MPR
· Poor cell coverage and low power efficiency


Observation: 
This method is not recommended due to the drawback of huge A-MPR requirement that make the frequencies not usable. 
2.2
A2: Loose requirement + A-MPR 
Description: 
Specify a loose coexistence requirement, e.g. -15.5dBm/5MHz @ 5MHz offset, and define a new network signalling NS_x to satisfy the requirement.

Analysis:

Usually, the NS value together with A-MPR is used when the coexistence requirement is too stringent to achieve. Based on previous studies, the loose requirement may only require a few dBs of A-MPR. However, if A-MPR is configured, the power consumption of the UE will be higher compared to the same power without A-MPR since the PA is not working in the best state when receiving a network signalling to implement the A-MPR.
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Figure 2‑1 Field test results of uplink statistics (ISD=450m)
Figure 2-1 gives field test uplink statistics of UE in a commercial LTE network. According to the test results, the scheduled uplink resource number will decrease to maintain the same power density (PSD) when the UE moves to the cell edge. Therefore, the A-MPR somehow is the same meaning of restriction of uplink resource for cell edge users. 
	Pros
	Cons

	
	· May bring risk of interference

· Unknown behaviour for legacy UEs to received a new NS value
· Low power efficiency 

· Uplink RB restriction for cell edge users


Observation: 
This method is not recommended due to the drawback of low power efficiency and restrictions of uplink resource restriction for cell edge users. 

2.3
A3: Stringent requirement + Guard band + Filter
Description: 
Specify a tight coexistence requirement, e.g. -50dBm/MHz @ 5MHz offset, and set guard band & implement filter on the UE.
Analysis:

This method is good to ensure the co-existence performance. However, the state-of-the-art front-end-filter of UE may request at least 10MHz to 20MHz guard band to achieve the stringent requirement that causes huge waste of spectrum. The complexity and cost of UE will also increase. 
As stated in [2], there are different regulatory requirements for B42 and B43, e.g. synchronized operation with loose coexistence requirement or unsynchronized operation with stringent coexistence requirements or uncertain synchronization requirements. From terminal point of view, it’s very important and meaningful to have a generic design for good economy of scale. However, this solution will destroy the goal of global hardware design of B42 terminal. In addition, there is a high risk to define a new operating band for regions or countries where the stringent coexistence requirements are mandatory and such kind of solution is implemented. The new band is harmful for the global ecosystem of B42.  
	Pros
	Cons

	· Good coexistence performance


	· Waste of spectrum 
· Cost and complexity of UE

· May require define a new band 
· Poor economy of scale


Observation:
This method is not recommended due to the drawback of waste of spectrum, cost & complexity of UE, and poor economy of scale.

2.4
A4: Loose requirement + RB restriction
Description:
Specify a loose coexistence requirement, e.g. -15.5dBm/5MHz @ 5MHz offset, and set uplink RB restrictions.
Analysis:

The coexistence requirement of -15.5dBm/5MHz at 5MHz frequency offset is achievable if some restrictions of uplink RB allocation are implemented. 

The restrictions of uplink resource will be implemented on a UE only in cell edge with maximum output power. The RB restrictions can be omitted at lower output power level and full RB allocation can be used anywhere except for the cell edge in a real network. Figure 2-2 gives the simulation results of statistics of uplink output power in two typical deployment scenarios. According to the simulation results, in most cases, the output power of UE is below 15dBm (>80% for UMA) or 10dBm (>80% for UMI). Only the cell edge user (5% CDF) will transmit with maximum output power. Therefore, the uplink resource will not be restricted in most cases except for the cell edge users in the real deployment scenario. 
Furthermore, according to figure 2-1, since the numbers of uplink resource of cell edge users are quite limited in a real commercial network, this method will further provide better uplink coverage performance comparing to method A2 due to higher maximum output power for partial RB allocation. 
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Figure 2‑2 Simulation result of output power of UE in ITU UMA and UMI scenarios
Table 2‑1 Simulation assumptions

	Scenarios
	ITU Uma
	ITU Umi

	Layout
	Hexagonal grid, 3 sectors per site, 
7 Macro sites 
	Hexagonal grid, 3 sectors per site, 7 Macro sites 

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.6GHz
	2.6GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	41dBm

	ISD(meters)
	500
	200

	Antenna pattern
	3D,  referring to TR36.814
	3D,  referring to TR36.814

	Antenna Height: 
	25m
	10m

	BS antenna downtilt
	ITU Base coverage urban, Urban  macro-cell scenario (Uma): 12deg
	ITU Microcellular, urban micro-cell scenario (Umi): 12deg

	BS antenna gain
	17dBi
	15dBi

	BS noise figure
	5 dB
	5 dB

	User
distribution
	Randomly and uniformly
distributed over area. 100% of
users outdoors in vehicles
	Randomly anduniformly
distributed over area. 50% users
outdoor (pedestrian users) and 50% of users indoors

	Number of
users per cell
	10
	10

	UE noise figure
	7dB
	7dB

	UE power class
	 23dBm (200mW)
	 23dBm (200mW)

	Uplink Power control
	P0 = -80dBm,  alpha = 0.8
	P0 = -80dBm,  alpha = 0.8

	UE antenna gain
	0
	0

	Thermal noise level
	–174 dBm/Hz
	–174 dBm/Hz

	Inter-site interference
modeling
	Explicitly modelled
	Explicitly modelled

	Traffic model
	Full buffer
	Full buffer


There is no backward compatibility issue via this method and the power efficiency is higher comparing to define a new network signalling and A-MPR. 

Moreover, this method can enable terminal vendors to provide a global solution for different deployment scenarios that will result in good economy of scale.

	Pros
	Cons

	· No uplink resource restrictions except for cell edge users in real network

· Better uplink coverage performance for cell edge users

· No backward compatibility issue

· Global solution and good economy of scale
	· May bring risk of interference 


Observation: 
This method is highly recommended due to the benefits listed in the above table.

3 Conclusion

This paper further analysed the potential solutions to solve the coexistence issue. Based on the analysis, it’s proposed to endorse the following solution as the way forward. 
· Define a loose coexistence requirement as follows and set reasonable uplink restrictions

· -15.5dBm/5MHz @ 5MHz to 25MHz frequency offset

· -40dBm/MHz @ > 25MHz frequency offset
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