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1 Introduction
In RAN#88e meeting, a WID [1] was approved to study the power class 2 inter-band UL CA. part of the objectives are as following.

1) Specify the applicable scheme for power class 2 UE to facilitate compliance with the SAR limits for band combinations of power class 2

· For NR inter-band CA with 2 bands uplink, specify the scheme for inter-band UL CA to facilitate compliance with SAR limits for band combinations of power class 2

i. The power configurations include two cases as shown below
	
	UE power class
	NR Carrier x power class
	NR Carrier y power class

	Case a
	26dBm
	23dBm
	23dBm

	Case b
	26dBm
	23dBm
	26dBm

	Case c
	26dBm
	26dBm
	26dBm


i. For case a and case b, there are two scenarios including FDD +TDD (carrier x + carrier y) and TDD +TDD (carrier x + carrier y), and the scenarios for FDD+TDD and TDD+TDD will be discussed separately.
ii. For case c, there is one scenario including TDD +TDD (carrier x + carrier y).
iii. Consider necessary signalling for support of Case a and Case b if any

Note: RAN4 needs to discuss whether the specified RAN2 signalling UE can be reused to solve the issues in this WI. If there is RAN2 signalling impact then RAN4 will send LS to RAN2 to inform the solution. No RAN2 TUs are requested for this WI.

WF[2] in RAN4#96e, options for SAR schemes for PC2 NR inter-band CA and SUL configurations:

· Duty cycle based solutions
· Option 1: Report one total UL duty cycle capability 
· Option 2: Report the duty cycle capabilities per band
· UE implementation based solution, i.e. P-MPR
· Other options are not precluded and will be continually discussed in next meeting
The following issue are identified for further discussion:

· Whether and how to distinguish the power class 2 scenarios (23+23, 23+26, etc….)
· Whether and how to decide the reference carrier configurations for Duty cycle based solution option 2
· Whether and how to handle the uncertain interpretation for duty cycle capability in both power and time domain for Duty cycle based solution (see R4-2010349)
· E.g. Is UE duty cycle capability applicable only for UE working in maximum power or maximum duty cycle, or other none maximum cases? If applicable for all the cases, then how to measure and evaluate the actual duty and power? 
· Release independency issue needs to be decided in next meeting
WF on SAR solutions for PC2 NR inter-band CA and SUL configurations [3] in RAN4#97e
· Duty Cycle based solutions
· Option 1: Report the duty cycle capability per band combination (CTC, Intel, ZTE, Huawei, Apple)
· Main issue commented by companies：Unequal responses for the SAR effects in different band frequencies.
· Option 2: Report the duty cycle capabilities per band (CATT, Xiaomi, ZTE, OPPO, vivo, CMCC)
· Main issue commented by companies: Too many pairs of signalling's, more detailed signalling design and values need to be provided, especially for the reference band.
· Blind scheme solution (Ericsson, Verizon, T-Mobile USA)
· Further discussion on whether to consider (Scell) power dropping behavior due to power prioritization for UL CA and SUL configurations
· Other solutions/options are not precluded
In this contribution, based on WF comments, the detail signalling design is proposed for option 2.
2 Discussion
2.1 The SAR solution based on option 2 

As summarized in our previous contribution [4], there are 3 different SAR solutions for SA, ENDC TDD-TDD, ENDC FDD-TDD. To simplify the implementation, reusing the SA, ENDC TDD-TDD, ENDC FDD-TDD HPUE SAR solution as much as possible for inter-band CA is proposed. Also considering the possible scenarios of inter-band UL CA, a solution based on option 2 with detail signaling design for both CA FDD (23dBm)-TDD (23/26dBm) and CA TDD (23/26dBm)-TDD (23/26dBm) is introduced. The basic idea is UE reports 2 maximum supported UL duty cycle of one band based on another band reference duty cycle. The detailed solution is consisted of the following 4 parts:
1. Select PCell band as the reference band, UE report duty cycle capability based on PCell band;
In this WI, there are 2 active UL band for inter-band CA. Because the uplink transmission time of reference band determines the other band’s duty cycle, the reference band has higher priority. To align with RAN1 power allocation prioritizing order, Pcell band as the reference band is proposed.
2. Select 2 reference points on the reference band (Pcell band);
Only 1 reference point cannot indicate the SAR effect difference of different bands. More than 2 reference points introduce more signaling overhead and complexity, but the performance improvement is not much, comparing with 2 reference points. Furthermore, it’s also aligned with ENDC FDD-TDD PC2 UE solution.

3. Two pair of reference points are defined: [40%/70%] for 23dBm Pcell, [20%/35%] for 26dBm Pcell, UE chooses one pair reference points to report duty cycle according to Pcell’s power capability. The signalling can be as the following table:
	UE maxUplinkDutyCycle signaling
	Parameter (for another cell)

	ReferenceDutyCycle70and40
	{maxUplinkDutyCycle1, maxUplinkDutyCycle2}

	ReferenceDutyCycle35and20
	{maxUplinkDutyCycle1, maxUplinkDutyCycle2}


It should be noted that Pcell is aligned with the Cell in which RACH was initialized. Thus, the UE would actually only report one of the two sets of parameters, this means the signalling overhead is in fact aligned with FDD-TDD EN-DC.
4.  When the actual uplink transmission time exceed the UE capability, the overall power class fallback and the power reduction on each band and each channel follows the RAN1 power allocation prioritizing order. 
Proposal 1:  The solution based on option 2 with detail signaling: 

1. Select PCell band as the reference band, UE report duty cycle capability based on PCell band.

2. Select 2 reference points on the reference band (Pcell band);

3. Two pair of reference points are defined: [40%/70%], [20%/35%], UE chooses one pair reference points to report duty cycle.
4. When the actual uplink transmission time exceed the UE capability, the overall power class fallback and the power reduction on each band and each channel follows the RAN1 power allocation prioritizing order. 
Observation: The UE would actually only report one of the two sets of parameters after RACH, this means the signalling overhead is in fact aligned with FDD-TDD EN-DC.
2.2 The upper power limits of PC2 UE with inter-band NR CA
In RAN4#97e meeting, WF on power configuration for PC2 NR inter-band CA is discussed but not agreed [4]. In our understanding, only define the MOP on each CA band, removing upper power limits of both bands may reduce the power control complexity and fully use UE capability as proposed. However, it may also cause higher interference/self-interference, and may also have regulation issue. Further analysis for removing upper power limits for PC2 UE with the inter-band NR CA is proposed.
Proposal 2: Further analysis for removing upper power limits for PC2 UE with the inter-band NR CA is proposed.
3
Conclusions

In this contribution, we summary the current HP UESAR solution for SA, ENDC TDD-TDD, ENDC FDD-TDD, propose the possible SAR solution for PC2 inter-band NR CA based on WF discussion. 

Proposal 1:  The solution based on option 2 with detail signaling: 

1. Select PCell band as the reference band, UE report duty cycle capability based on PCell band.
2. Select 2 reference points on the reference band (Pcell band);

3. Two pair of reference points are defined: [40%/70%], [20%/35%], UE chooses one pair reference points to report duty cycle. The signalling can be as the following table:
	UE maxUplinkDutyCycle signaling
	Parameter (for another cell)

	ReferenceDutyCycle70and40
	{maxUplinkDutyCycle1, maxUplinkDutyCycle2}

	ReferenceDutyCycle35and20
	{maxUplinkDutyCycle1, maxUplinkDutyCycle2}


4. When the actual uplink transmission time exceed the UE capability, the overall power class fallback and the power reduction on each band and each channel follows the RAN1 power allocation prioritizing order. 

Observation: The UE would actually only report one of the two sets of parameters after RACH, this means the signalling overhead is in fact aligned with FDD-TDD EN-DC.
Proposal 2:  Further analysis for removing upper power limits for PC2 UE with the inter-band NR CA is proposed.
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