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1. Introduction

In the last RAN1 #89 meeting, RAN1 sent LS to RAN4 on power sharing mechanism between LTE and NR band [1] as below,
· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz

· FFS: power sharing mechanism

· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 

· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4

Also, RAN1 has consensus for NR-LTE power sharing mechanism as below at RAN1 #90 meeting

· 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)

Hence, in this paper, we provide our views on the power sharing issues of NSA UE which is related to the UE configured Tx power in RAN4 perspectives.
2. Consideration RAN1 agreements
RAN1 has agreed as below

· 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
· 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.
Currently, RAN1 agreements for NSA UE (LTE+NR) power sharing mechanism do not consider the difference of test metric for LTE band and NR band at range 2.

For LTE+ NR range 1 DC UE, RAN4 can follow RAN1 agreement since the UE configured Tx power will be specified based on conducted test mode. However, the DC UE w/ LTE+ NR range 2 band, RAN4 agreed to define NR UE RF requirements based on OTA test methodology. Therefore the power sharing mechanism is not possible to NSA DC UE w/ LTE Band and NR mmWave band combination.
Observation 1: For NSA UE with LTE band and NR band in range2, RAN1 agreement is not possible to apply the power sharing mechanism since the test metric of maximum output power is different between LTE and NR at range2.
Also RAN1 think total maximum output power can be over the P_cmax as UE capability. In the case, NSA UE behaviour on how to adjust transmit power depends on UE implementation.

· 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

However, RAN4 had defined the UE configured Tx power for LTE DC UE which was defined to share the total Tx power. Also RAN4 do not allow over the P_cmax for DC operation in LTE system. So we prefer to specify the configured  NSA DC UE Tx power for LTE and NR at range 1 to meet the total maximum output power and specified UE behaviour how to adjust each CC’s Tx power in sub-clause 6.2.5 in TS36.101.
One possible solution is to define additional UE RF requirements for LTE UE and NR UE at sub-6GHz based on OTA test methodology.
However, it is not our preference since it has been quite long discussion time for LTE OTA test methodology. Furthermore the LTE OTA requirements are still TBD.
3. Detail description for NSA UE configured transmitted power
The UE configured transmitted power should be defined to support NSA UE for both operations such as LTE band + range 1 NR band (e.g. 3.5GHz NR band) combinations or LTE band + range 2 NR band (e.g. 28GHz NR band) combinations in first phase in rel-15.

Furthermore, RAN4 should define the UE configured transmitted power for the combinations of NR new band in range 1 and the NR new band in range 2 in second phase in rel-15.
RAN4 had initially discussed how to define the configured NSA UE Tx power. All possible approaches for the configured NSA UE Tx power are listed as below
· Case1: NSA UE (LTE+ range 1)

· Option 1-1: Power Sharing (Total power restricted as current UE PC2 or PC3)
· Use case : B41 (PC2/PC3) + 3.5G NR band (PC2/PC3)

·  PC2 NSA UE (B41+3.5G NR band): Total power does not exceed up to 26dBm
· Single UL case: 

·  B41 can support PC2 and PC3
·  3.5G NR band can support PC2 and PC3

· Dual UL case:

·  B41 (23dBm) +3.5G NR band (23dBm): Support
·  Support up to 26dBm for total Tx power of NSA UE 

· B41 (21dBm) +3.5G NR band (24dBm) = total power 25.7dBm 
·  B41 (26dBm) + 3.5G NR band (26dBm): Not support

·  PC3 NSA UE (B41+3.5G NR band): Total power does not exceed up to 23dBm
· Single UL case: 

·  B41 can support only PC3

·  3.5G NR band can support only PC3

· Dual UL case:

·  B41 (20dBm) +3.5G NR band (20dBm): Support
·  Support up to 23dBm for total Tx power of NSA UE 

· B41 (18dBm) +3.5G NR band (21dBm) = total power 22.8dBm 
· B41 (23dBm) +3.5G NR band (23dBm): Not Support
· Option 1-2: Individual power (difficult to meet SAR test due to combined Tx power)
· Use case: B41 (PC2/PC3) + 3.5G NR band (PC2/PC3)

·  PC2 NSA UE (B41+3.5G NR band): Meet the individual Tx power which does not exceed up to 26dBm
· Single UL case: 

·  B41 can support PC2 and PC3

·  3.5G NR band can support PC2 and PC3

· Dual UL case:

·  B41 (26dBm) +3.5G NR band (26dBm): Max power supports up to 29dBm, it could be difficult to meet the SAR regulations in some countries.
· Option 1-3: New power class for power sharing to support existing power class in NSA UE
· Use case: B41 (PC2/PC3) + 3.5G NR band (PC2/PC3)

·  New Power class for NSA UE (B41+3.5G NR band): power class will be supported with existing power class as total power sharing perspective
· Single UL case: 

·  B41 can support PC2 and PC3

·  3.5G NR band can support PC2 and PC3

· Dual UL case:

·  Define new power class: New power class will support up to 29dBm for total Tx power of NSA UE but there is same issue to meet the SAR regulations in some countries.
· Support B41 (PC2) +3.5G NR band (PC2) or

· Support B41 (PC2) +3.5G NR band (PC3) or 
· Support B41 (PC3) +3.5G NR band (PC2)
·  PC2: Support B41 (PC3) +3.5G NR band (PC3)
· Case2: NSA UE (LTE+ range 2)

· Option 2-1: Power Sharing (difficult approach for different test metrics)
· Use case : B41 (PC2/PC3) + 28G NR band (new PC A or new PC B)

·  PC2 (B41) + new PC A for NSA UE (28G NR band): How can define the Total power for NSA UE with LTE and NR band? 
·  OTA test based total power? Or Conducted based total power? ( Conducted test mode is not possible to NR band in range2.

·  If RAN4 agree OTA based power sharing mechanism, then how can define the configured TX power and how can align beam directions for both ranges?
·  So, RAN4 need more further discussion how to define the configured Tx power between conducted RF requirements in LTE and OTA RF requirements in NR band in range2.
· Option 2-2: Individual power (easy approach for different test metrics)
· Use case: B41 (PC2/PC3) + 28G NR band (new PC A or new PC B)
·  PC2 (B41) + new PC A for NSA UE (28G NR band): individual power does not exceed the individual max. output power per band.
· Single UL case: 

·  B41 can support PC2 and PC3

·  28G NR band can support new PC A and new PC B 
· Dual UL case:

·  B41 (PC2/PC3) + 28G NR band (new PC A /new PC B): Support
·  There is no problem to satisfy the individual max. output power per LTE or NR system .

·  Only specify individual power mechanism according to range 1 and range 2.
· Option 2-3: New power class for power sharing to support existing power class in NSA UE (almost same issues in option 2-1)

· Use case: B41 (PC2/PC3) + 28G NR band (new PC A/new PC B)

·  New Power class for NSA UE (B41+28G NR band): New power class should be supported with different test metrics but it is quite difficult to define power sharing mechanism between LTE and NR in range2.

·  One candidate solution is to define only OTA test mode for both LTE and NR.

·  But there are no OTA test requirements in LTE until now.

Based on the analysis, we propose as below
Proposal 1: For NSA UE with both LTE band and NR band in range1, RAN4 can follow power sharing mechanism for the configured Tx power in NSA UE RF requirements. Since new power class to support up to 29dBm would not satisfy the UE SAR (Specific Absorption Rate) requirements which is forced regulation in most countries of the world.
Proposal 2: For NSA UE with LTE band in range 1 and NR band in range2, RAN4 can follow individual configured Tx power requirement between legacy LTE band in range 1 and NR band in range 2. It means RAN4 do not define total power sharing mechanism in configured Tx power for NSA NR UE.
4. Conclusions


In this contribution, we provided our views on how to define the configured Tx power for NSA NR UE based on supporting range 1 or range 2. Also we shared the SAR regulation limits according to the each region and countries in Appendix A. From the our analysis, we share our proposals as below
Proposal 1: For NSA UE with both LTE band and NR band in range1, RAN4 can follow power sharing mechanism for the configured Tx power in NSA UE RF requirements. Since new power class to support up to 29dBm would not satisfy the UE SAR (Specific Absorption Rate) requirements which is forced regulation in most countries of the world.
Proposal 2: For NSA UE with LTE band in range 1 and NR band in range2, RAN4 can follow individual configured Tx power requirement between legacy LTE band in range 1 and NR band in range 2. It means RAN4 do not define total power sharing mechanism in configured Tx power for NSA NR UE.
Appendix A: SAR (Specific Absorption Rate)
SAR testing measures the electromagnetic energy absorbed by a body using a wireless device. SAR testing is intended to verify that a device does not exceed a country’s established RF exposure limits.
A.1 ICNIRP (International Commission on Non-Ionizing Radiation Protection) exposure limits

The independent scientific organisation ICNIRP, which is sponsored by WHO, investigates potential health effects of NIR and develops international guidelines on exposure limits [1]. These guidelines form the basis of many national standards and regulations. The ICNIRP guidelines are based on consensus of all the existing scientific results and provide protection against all established health effects of NIR exposure. 

In the frequency range from 10 MHz to 10 GHz, the fundamental exposure limits, which are called basic restrictions, are expressed as SAR limits. SAR is a measure of the rate of absorption of electromagnetic energy in tissue during exposure. There are two sets of limits, one for general public exposure and another for occupational exposure. Furthermore, there are three different SAR limits; whole-body averaged SAR, localised SAR in the head and trunk, and localised SAR in the limbs. The averaging mass for the latter two limits is 10 g of tissue and these are primarily applied for partial-body and near-field exposure situations. 

Table 1 below shows the ICNIRP general public SAR restrictions. The localized SAR limits are those applicable to low-power mobile communication terminals that are used close to the body by the general public, including IMT-2000 terminals. Most important is the limit for the head and trunk, 2 W/kg in a 10 g of tissue, since most devices are held close to these parts of the body. The whole-body averaged SAR limit can never be exceeded by this type of devices.

The averaging time is 6 minutes, which means that higher exposure levels are accepted for shorter exposure times than six minutes. Since mobile terminals can be used for periods longer than the averaging time (continuous exposure), the limits in Table 1 shall always be used.

The ICNIRP guidelines do also specify reference levels expressed as power density or field strength levels. These should however not be applied for IMT-2000 and other mobile communication terminals that are used close to the body.

Table A.1-1: ICNIRP SAR limits for mobile device (10 MHz – 10 GHz)

	SAR limit (W/kg)
	Occupational exposure limits
	General Public exposure limit

	Whole-body
	0.4 W/Kg
	0.08 W/Kg

	Partial body (head & trunk)
	10 W/Kg
	2 W/Kg

	Partial Body
	20 W/Kg
	4 W/Kg


A.2 Comparison of regional and national regulation
In some countries and regions RF exposure standards or regulations including SAR limits applicable for mobile telecommunication equipment have been published. A number of SAR test specifications have also been published. This section summarizes these regional and national standards and regulations
A.2.1
Europe (EU)

SAR limits

In 1995 CENELEC published the European pre-standard ENV 50166-2 [2], which has been adopted as national standards in some countries. The localized SAR limits are the same as those in the ICNIRP guidelines, see Table A.1-1.

The ENV may be withdrawn in 1999, and it is planned to be replaced with a new document with reference to the ICNIRP guidelines. This document will presumably become an EN.

In 1999, an EU council recommendation will be issued, which is expected to recommend that the member states adopt the ICNIRP guidelines as national regulations. A new EU directive, R&TTE, 99/5/EC [10], has been published April 7, 1999. In this directive, it is required that radio terminal equipment complies with RF exposure standards.
CENELEC specify SAR limits within the EU, following IEC standards. For mobile phones, and other such hand-held devices, the SAR limit is 2 W/kg averaged over the 10 g of tissue absorbing the most signal (IEC 62209-1).
One of the first to appear was EN 50360: 2001 for mobile phones, which refers to the Council Recommendation for SAR limits. This mandates the measurement methods of EN 50361. EN 50360 is a harmonized standard under the Radio & Telecommunication Terminal Equipment (R&TTE) Directive, meaning that any product which is marketed in the EU and which falls within the scope of this standard must comply with its requirements. The measurement methodologies found in EN 50361 have been adopted or incorporated in many other national standards.
A.2.2
 
Japan

SAR limits

Limited to the Land Mobile Station which conducts mobile radio communication or the radio equipment (transmitted information should be limited to telephones or a combination of telephones and other information devices; mobile wireless terminals which are used near the human head. ) at mobile earth stations which conduct mobile satellite communication relayed by an artificial satellite station established on a non-geostationary satellite.
The Specific Absorption Rate of a radio wave near a human head which is discharged from specified radio equipment (the average of any 10 grams of organic tissue; the average of a 6-minute period) should be below 2W/kg.
A.2.3
USA

SAR limits

The FCC has adopted limits for safe exposure to radiofrequency (RF) energy. These limits are given in terms of a unit referred to as the Specific Absorption Rate (SAR), which is a measure of the amount of radio frequency energy absorbed by the body when using a mobile phone. The FCC requires cell phone manufacturers to ensure that their phones comply with these objective limits for safe exposure. Any cell phone at or below these SAR levels (that is, any phone legally sold in the U.S.) is a "safe" phone, as measured by these standards. The FCC limit for public exposure from cellular telephones is an SAR level of 1.6 watts per kilogram (1.6 W/kg). 
The FCC Guide, "Specific Absorption Rate (SAR) For Cell Phones: What It Means For You," after detailing the limitations of SAR values, offers the following "bottom line" editorial:

"ALL cell phones must meet the FCC’s RF exposure standard, which is set at a level well below that at which laboratory testing indicates, and medical and biological experts generally agree, adverse health effects could occur. For users who are concerned with the adequacy of this standard or who otherwise wish to further reduce their exposure, the most effective means to reduce exposure are to hold the cell phone away from the head or body and to use a speakerphone or hands-free accessory. These measures will generally have much more impact on RF energy absorption than the small difference in SAR between individual cell phones, which, in any event, is an unreliable comparison of RF exposure to consumers, given the variables of individual use." 

The FCC regulations for SAR are contained in 47 C.F.R. 1.1307(b), 1.1310, 2.1091, 2.1093 and also discussed in OET Bulletin No. 56, "Questions and Answers About the Biological Effects and Potential Hazards of Radiofrequency Electromagnetic Fields."
A.2.4
Korea

In 2002, Korea government mandate to notice the SAR level of the wireless device and the Art. 47 of the Radio regulation law in 2005 was revised to modified the regulation level and test method. Also government announced RRA Notice 2012-23 for wireless device user to mandate the SAR grade indication system for the mobile telecommunication device. 
<Korea SAR regulation>

	Frequency range
	100KHz ~10GHz

	General public exposure limits
	0.08 W/kg for whole-body

	
	1.6W/Kg for head and trunk

	
	4W/Kg for partial body

	Occupational exposure limits
	0.4 W/kg for whole-body

	
	8W/Kg for head and trunk

	
	20W/Kg for partial body


A.2.5 
China
In August 2008, China government officially adopted ICNIRP based limits for handsets. Limits for BS are currently being prepared but MIIT has stated they see no reason for these limits not to be also based on ICNIRP in Table A.1-1.
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