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1. Introduction
In RAN#82 meeting, the SI of study high power UE (power class 2) for EN-DC (1 LTE FDD band + 1 NR TDD band) for Rel-16 was approved [1]. In this contribution, we would like to initialize the discussion on the definition of high power UE for EN-DC.
The objectives of SI are as follows:

· Study how to introduce the new power class 2 (1 LTE FDD band + 1 NR TDD band) for EN-DC bands in Rel-16
· Study and define the power class for EN-DC under different power combination such as 23dBm LTE FDD+23dBm NR, 23dBm LTE FDD+26dBm NR.
	
	EN-DC total power
	LTE maximum power
	NR maximum power

	Case 1
	26dBm
	23dBm
	23dBm

	Case 2
	26dBm
	23dBm
	26dBm


Note: for case 1 and case 2, the duty cycles of NR TDD can be different.
· RAN4 study starts from case 1, but case 2 is not precluded.

· Study and define applicable scheme (UE Tx duty cycle) to prevent exceeding local regulatory limits such as SAR
· RF component reuse and sharing between power class 3 and power class 2 and for bands of similar frequency ranges shall be considered.  

· The example band combination for this study is DC_3A_n78n.
In this contribution, we would like to discuss the scheme to avoid the SAR issue for EN-DC high power UE.
2. Discussion

In the existing LTE and NR specifications the 26dBm high power UE for the smart phone are specified for TDD band with the certain limitation on the applicable UL-DL configurations. The example is provided below. The limitation is highlighted by yellow.
---------- High power UE for TDD band with limitation on applicable UL-DL configuration in 38.101-3-----------

Table 6.2B.1.2-1: Maximum output power for EN-DC (non-continuous sub-blocks)

	DC configuration
	Power class 2

(dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_3A_n3A2
	
	
	23
	+2/-3

	DC_41A_n41A
	26
	+2/-21
	23
	+2/-21

	NOTE 1:
If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 2:
Only single switched UL is supported in Rel.15


If UE supports a different power class than the default UE power class for EN-DC band combination, and the supported power class enables higher maximum output power than that of the default power class:

-
if the LTE UL/DL configuration is 0 or 6; or

-
if the LTE UL/DL configuration is 1 and special subframe configuration is 0 or 5; or

-
if the IE p-maxUE-FR1 as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;

-
apply all requirements for the default power class, and set the configured transmitted power as specified in sub-clause 6.2B.4;

-
else

-
apply all requirements for the supported power class, and set the configured transmitted power class as specified in sub-clause 6.2B.4;

---------- High power UE for TDD band with limitation on applicable UL-DL configuration in 38.101-3-----------

---------- High power UE for TDD band with limitation on applicable UL-DL configuration in 36.101-----------

For a power class 2 capable UE operating on Band 41, when an IE P-max as defined in TS 36.331 [7] of 23 dBm or lower is indicated in the cell or if the uplink/downlink configuration is 0 or 6, the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply.

---------- High power UE for TDD band with limitation on applicable UL-DL configuration in 36.101-----------
The rationale behind the limitation is the same, say, the duty cycle for uplink transmission should be less than or equal to 50%. The duty cycle is limited by the applicable UL-DL configurations.
Different from TDD-TDD EN-DC band combination, the uplink on FDD carrier can be transmitted continuously for an FDD-TDD EN-DC combination. Thus the SAR regulatory limits would be violated, if the total maximum power is beyond 23dBm.
Following the TDD approach, the possible solution is to limit the availability of FDD uplink subframes for the transmission. To do that, the simple way would be to follow the SUO scheme, i.e., to restrict the availability of uplink subframes either by scheduling or by applying the TDD HARQ-ACK timing of a UL-DL configuration to LTE FDD PCell.

· Proposal 1: To meet the SAR regulatory limits, it is proposed to restrict the availability of LTE FDD uplink subframes for transmission either by scheduling or by applying the TDD HARQ-ACK timing of a UL-DL configuration to LTE FDD PCell.
The advantage of applying TDD HARQ-ACK timing over scheduling restriction is that all the LTE DL subframes can be scheduled.

If looking into the details, we can find that there would be many possible use cases. The capability for EN-DC high power UE would be different in terms of the combination of total power, LTE maximum power and NR maximum power, which is shown in SID as follows. 
	
	EN-DC total power
	LTE maximum power
	NR maximum power

	Case 1
	26dBm
	23dBm
	23dBm

	Case 2
	26dBm
	23dBm
	26dBm


For both case 1 and case 2, the maximum output power on LTE side is limited to 23dBm. In Figure 1~2, we try to provide some examples of possible transmission patterns for EN-DC high power UE assuming DDDSUDDSUU UL-DL pattern is used on NR side on Band n78.
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Figure 1: Case 1, by scheduling only three uplink every five LTE subframes or apply HARQ-ACK timing of TDD UL-DL configuration #0 to the LTE FDD carrier
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Figure 2: Case 2, by scheduling only two uplink every five LTE subframes or apply HARQ-ACK timing of TDD UL-DL configuration #1 to the LTE FDD carrier
To list all the combinations of patterns for LTE UL and NR UL-DL configurations would be very time-consuming. To save efforts, we may not need to enumerate all the possible patterns but instead we can define the principles for the network scheduling.
· Proposal 2: To meet the SAR regulatory limits for EN-DC 26dBm high power UE, the network is expected to schedule the uplink transmissions in such a way that the averaged maximum total power within 10ms window should be less than or equal to 23dBm assuming that the transmission power is 26dBm when LTE and NR transmit simultaneously and is either LTE maximum output power or NR maximum output power when the transmission is LTE only or NR only.
3. Conclusions

In this contribution, we discussed the scheme to avoid the SAR regulatory limits. We have the following proposals:
· Proposal 1: To meet the SAR regulatory limits, it is proposed to restrict the availability of LTE FDD uplink subframes for transmission either by scheduling or by applying the TDD HARQ-ACK timing of a UL-DL configuration to LTE FDD PCell.
· Proposal 2: To meet the SAR regulatory limits for EN-DC 26dBm high power UE, the network is expected to schedule the uplink transmissions in such a way that the averaged maximum total power within 10ms window should be less than or equal to 23dBm assuming that the transmission power is 26dBm when LTE and NR transmit simultaneously and is either LTE maximum output power or NR maximum output power when the transmission is LTE only or NR only.
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