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Introduction
UL power control for NSA operation using EN-DC has a potential impact on the coverage of 5G services that a UE experiences. In RAN1 #90 dynamic and semi-static power sharing were identified as two UL power control mechanism. In the case of dynamic power sharing it is assumed that the UE is capable of dynamically coordinating between its NR and LTE transmission on a per scheduling grant basis. On the other hand for semi-static power sharing the LTE and NR transmission can only share power over longer time scale via RRC signaling. Based on the identification of these two power control mechanisms the following agreements were reached in RAN1 #90
Agreements:
· At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately
· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax
· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 
· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation
· For LTE, no change in power control procedure
· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE
· The following is FFS
· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)

In this case one can see that for semi-static power control the following is mandated: P_LTE + P_NR = P_cmax. On the other hand for dynamic power control the following can also be supported: P_LTE + P_NR > P_cmax depending on UE capability. This essentially implies that dynamic power control between LTE and NR is a UE capability and therefore all UEs are not mandated to support this case. 

UL Coverage Impact from Semi-Static and Dynamic Power Sharing
Before delving into the coverage impact of power sharing mechanism it is better to understand what the agreement from RAN1 #90 really entails. Let us consider the two cases: 
· Case 1: P_LTE + P_NR = P_cmax
· Case 2: P_LTE + P_NR > P_cmax
In both these cases the values of P_LTE and P_NR is semi-statically configured at the LTE eNB and NR gNB respectively. In Case 1 since the sum of P_LTE and P_NR is strictly less than or equal to P_cmax there is no need for any coordination either at the network side or at the UE side between LTE and NR. Therefore this is expected to work under all conditions without any dynamic coordination between LTE and NR. However, for Case 2 since the sum of P_LTE and P_NR is greater than P_cmax some dynamic coordination is needed. It should be noted that the P_LTE + P_NR > P_cmax does actually mean that the UE can actually transmit at greater than P_cmax at any time. The total instantaneous power is still limited to P_cmax. Instead when such a situation happens the UE needs to reduce the power in its LTE transmission and NR transmission such that the total power is less than equal to P_cmax. How this is done is what is captured in agreement where the LTE power control is not impacted and the power reduction happens for NR. 
Since in the case of dual connectivity between LTE and NR power is shared between the two RATs it is inevitable that there will be a detrimental impact on the UL coverage compared to the LTE only case. This is problematic since most early deployment of NR will be based on the NSA specs using dual connectivity between LTE and NR. In this document we will provide an estimate of the UL coverage impact for the two UL power control mechanisms as discussed in this section. 
PUCCH Link Performance
In Rel. 15 RAN1 has defined quite a few features as a part of the PUCCH design that provide a significant improvement to the PUCCH coverage relative to LTE. First is the concept of multi-slot PUCCH where the PUCCH transmission is repeated over multiple UL slots. So far 2, 4, and 8 slot repetition is defined for PUCCH which allows the PUCCH to be transmitted over 2, 4 or 8 slots. This allows the PUCCH signal to be coherently combined over multiple slots thereby improving the UL coverage. The other feature that improves the UL PUCCH coverage is the usage of /2 BPSK modulation which has a significantly lower PAPR relative to the QPSK modulation as used by LTE. The lower PAPR in NR implies that PA can be driven at higher power level which is expected to improve the coverage. It should be noted that even though with /2 BPSK it possible to have a higher PA setting it is something we have NOT considered in this analysis since that still depends on RAN4 decision. Shown in Figure 2‑1 are the BLER vs SINR performance of LTE and NR PUCCH.
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	            Format 3 (CSI feedback)				Format 1 (HARQ feedback) 
[bookmark: _Ref498547584]Figure 2‑1 BLER vs SINR for LTE and NR PUCCH
The simulation parameters behind these link level simulations are shown in Table 2‑1.

	Assumptions 
	Value 

	Carrier frequency
	2GHz for LTE and 4 GHz for NR

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	Slot length 
	1 ms

	Subcarrier spacing 
	Single numerology case: 15KHz

	FFT size 
	1024 for 15KHz subcarrier spacing

	Channel model
	TDL-A, 3 Km/hr

	UE Antenna Configuration.
	1Tx for NR and LTE

	gNB Antenna Configuration
	4Rx for NR (@ 4GHz) 
2Rx for LTE (@ 2GHz)

	Rank per UE
	Fixed rank

	PUCCH Format
	NR: Format 1 for HARQ feedback and Format 3 for CSI Feedback
LTE: Format 1b for HARQ feedback and Format 2 for CSI Feedback

	PUCCH Payload
	2 bits for HARQ feedback 
[X] bits for CSI feedback

	MCS 
	NR: p/2 BPSK 
LTE: QPSK

	DM-RS
	According to the specification – QPSK modulated

	Transmission BW
	1 PRB (PUCCH)

	Channel estimation 
	Real Channel Estimator (MMSE estimator)


[bookmark: _Ref498549049]Table 2‑1 Link Simulation Parameters
For the purposes of this analysis we assume the PUCCH coverage is defined by the 1% BLER point. Therefore based on the link simulations we can make the following observation on improvement on UL system gain for PUCCH (i.e. UL coverage)
Observation 1: For UCI greater than 2 bits (e.g CSI feedback) we see the following improvement on the system gain of the NR PUCCH relative to the LTE PUCCH:
· 1 slot PUCCH: 3.1 dB 
· 2 slot PUCCH: 5.8 dB
· 4 slot PUCCH: 8 dB
Observation 2: For UCI less than equal to 2 bits (e.g CSI feedback) we see the following improvement on the system gain of the NR PUCCH relative to the LTE PUCCH:
· 1 slot PUCCH: 4.2 dB 
· 2 slot PUCCH: 6.2 dB
· 4 slot PUCCH: 8.6 dB
Coverage Analysis of for Dynamic and Static Power Sharing
In the previous section we showed the improvement on the NR PUCCH coverage relative to LTE PUCCH however this does not directly translate to improved range. Since in the scenario depicted here NR is deployed in the 4GHz band and LTE is deployed in the 2GHz band therefore one needs to take into account the difference in the frequency dependent loss in these two bands which is an additional 6dB. Assuming all else being equal the following table shows the coverage impact of a semi-static power sharing relative to baseline, which is LTE ONLY coverage. 

	NR PUCCH Configuration
	 System Gain
(dB) 
	 System Gain (dB)
(effective)
	P_LTE
(dB)
	P_NR
(dB)
	 Coverage  (dB)
(23-P_LTE)
	% Area with NR Coverage

	1 Slot PUCCH 
	3.1
	-2.9
	18.3
	21.2
	4.7
	57%

	2 Slot PUCCH 
	5.8
	-0.2
	19.9
	20.1
	3.1
	69%

	4 Slot PUCCH 
	8
	2
	20.9
	18.9
	2.1
	78%


[bookmark: _Ref498612934][bookmark: _Ref498629617]Table 2‑2 Coverage Impact with LTE-NR Dual Connectivity
In Table 2‑2 we show the impact of static power sharing on the coverage of dual connectivity. In these analysis the baseline is LTE coverage without any dual connectivity with NR. Once the coverage impact is known we can convert it to area impact by the following equation:


Where  is the path loss exponent and we use the value of 3.98 which is indicative of a UMa NLOS environment. In Table 2‑2 the optimum power split between LTE and NR is computed so as to match the UL PUCCH coverage of both LTE and NR. 
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[bookmark: _Ref498629496]Figure 2‑2 Coverage Impact with Static Power Sharing
Based on Figure 2‑2 we see can make the following observation: 
Observation 3: With static power sharing between LTE and NR the coverage with dual connectivity is somewhere around 50% - 75% of the baseline coverage with LTE only
This implies that once NR s deployed as NSA using dual connectivity with LTE we would not be able to match the coverage between the LTE only footprint and NR footprint which makes ubiquitous deployment of NR an impossible task. Based on this we make the following proposal:
Proposal 1: Handling of P_LTE + P_NR > P_cmax is mandatory for ALL NSA UE in Rel 15 

Summary
Observation 1: For UCI greater than 2 bits (e.g CSI feedback) we see the following improvement on the system gain of the NR PUCCH relative to the LTE PUCCH:
· 1 slot PUCCH: 3.1 dB 
· 2 slot PUCCH: 5.8 dB
· 4 slot PUCCH: 8 dB
Observation 2: For UCI less than equal to 2 bits (e.g CSI feedback) we see the following improvement on the system gain of the NR PUCCH relative to the LTE PUCCH:
· 1 slot PUCCH: 4.2 dB 
· 2 slot PUCCH: 6.2 dB
· 4 slot PUCCH: 8.6 dB
Observation 3: With static power sharing between LTE and NR the coverage with dual connectivity is somewhere around 50% - 75% of the baseline coverage with LTE only
Proposal 1: Handling of P_LTE + P_NR > P_cmax is mandatory for ALL NSA UE in Rel 15 
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