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1 Introduction

In RAN#89e meeting, the WI on power class 2 UE for NR inter-band CA and SUL configurations with 2 bands UL was agreed to be split into two separated WIDs, where the SAR WI [1] will be the revision of previous WI RP-201337 and capture SAR schemes for CA and SUL, the basket WI [2] will be a new WI and capture band-combination specific requirements for CA shifted or new proposed. This contribution will provide analysis on SAR issues for the SAR WI [1] based on the agreed WF [3] in the last RAN4 meeting.
2 Discussion
In the last meeting, how to meet SAR issue was extensively discussed, and agreements and the potential options were listed in the WF [3] as follow.
	Agreement on P-MPR solution:
· UE implementation based solution, i.e. P-MPR is always available as the baseline SAR solution for NR PC2 inter-band CA and SUL configurations
· Agreement on release independency:
· The requirements and SAR compliance mechanism for NR PC2 inter-band CA are release independent from Rel-15 based on the P-MPR solution.
· The SAR compliance mechanism for SUL configurations is release independent from Rel-15 based on the P-MPR solution.
WF on other SAR solutions
· 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 the last meeting, the P-MPR solution was agreed to be as based solution for NR PC2 inter-band CA and SUL configurations. However, as depicted in our contribution [4], P-MPR has impact on the UE configured maximum output power, in order to minimize that impact, other solutions such as the widely adopted Duty cycle based solutions could be as optional approach for PC2 NR inter-band CA UE meeting SAR issue. It is worth noting that even the Duty cycle based solutions is adopted by UE and network, it doesn’t mean P-MPR is not allowed at this case.
Observation 1: If dutycycle based solution is used, the P-MPR impact on UE configured maximum output power could be decrease.
Based on the above observation, the following proposal 1 is made.

Proposal 1: Besides the baseline solution, i.e. UE implementation based solution (P-MPR), the dutycycle based solution can be introduced as a capability for PC2 NR inter-band CA UE meeting SAR issue.
For the dutycycle based solution, at least there are two options on how to report the dutycule capability to the network which have been listed in the WF. It shall be noted that actually there are two sub options are considered for option 2 in the last meeting. Just like every coin has two sides, each option has Pros and cons. For a better understanding of both sides of the argument, we use the table below to grasp the benefit and drawback of each option.

Table 1, the Pros and cons for each option
	Dutycycle based solution
	Pros.
	Cons

	Option1

i.e. Report one total UL duty cycle capability
	1. The signaling is simple
2. No need to determine the reference band

	1. Unequal SAR effects between different bands under same power level can’t be reflected
2. Not straightforward for BS to determine whether current dutycycle configuration excess its capacity, as it needs to check through an equation

	Option2a
i.e. Report UL duty cycle capabilities based on the fixed UL duty cycle in other band (reference band)
	1. Unequal SAR effects can be reflected
2. More similar to the existing methods in NSA case 
	1. Signaling may be more complicated 

2. Needs to determine the reference band

	Option2b  (proposed in [5])
i.e. Reporting a group of combined UL dutycycle capabilities
	1. Unequal SAR effects can be reflected

2. No need to determine the reference band
	1. Signaling may be most complicated 

2. Potential increasing the complexity of BS scheduling


From actual implementation point of view, the unequal SAR effects can’t not be ignored since the SAR effects are different due to different antenna locations, different antenna radiation pattern etc for different bands. In order to address this issue, the possible solution is introducing a weighting fact to option 1, but the weighting fact F in fact is very hard to be determined since SAR test is very complicated and affected by various factors. As a consequence, the option 1 which can’t reflect that unequal SAR effects is not reasonable.
For option 2a, one argument is that the signaling may be more complicated compared to option 1. However, if we look at the approaches used in NSA FDD+TDD and TDD+TDD, it can be found they are actual the similar, that is reporting one capability based on the fixed dutycycle in other reference band. The main difference may be coming from how to define the reference band. In NSA case, it is easily to determine since LTE band is always as MCG band which undoubtedly be selected as reference band. However, for inter-band CA case, since PCC band is determined by actually channel condition, which may cause that PCC band is not always fixed to a specific band for a specific band combination. For example, for CA_nX-nY, PCC band can be Band nX or nY. If we select PCC band as reference band, there may need two sets of capabilities. One is for PCC band in Band nX, the other is for Band nY. To address this issue, option 2b that reporting a group of combined UL dutycycle capabilities is proposed in [5] in the last meeting. Though through this method, the problem on how to select the reference band can be resolved, but some companies also pointed out that the signalling will become more complicated and may increase the complexity of BS scheduling. In our view, when UE deriving the values of combined capability of this option, it is inevitable to assume that dutycycle is fixed on one band. In this sense, essentially it is the same thing as option 2a. From the above, we think the most important thing is not about which band is selected as reference band but how many reference points and theirs values are used. The other thing is that option 2b may ask for more efforts for UE vendor since more variables should be determined for different band combinations.
Observation 2: For option 2, the most important thing is not about which band is selected as reference band but how many reference points and theirs values are used.
Observation 3: Option 2a is not only saving signaling but also be more operable in practice compared to option 2b.

Base on the observations, for FDD+TDD case, it is proposed to select FDD as reference band by considering the dutycycle for FDD is not so viable and FDD band usually has better coverage due to low frequency. The reference points can be reused from NSA FDD+TDD case. For TDD+TDD case, it is proposed to select Low band as reference band. Since TDD has more flexible frame structure, how many reference points shall be used can be FFS. In order to better understand the difference, table 2 is given below.
Table 2, the difference between option 2a and 2b.
	
	Option 2a
	Option 2b

	CA_nX-nY

nX is low band
	(A1%, capability Y1)

(A2%, capability Y2)

…
(An%, capability Y2)

A1<A2<…..An

A1…An shall be the same for all TDD+TDD (or FDD+TDD) band combination
	(capability X1, capability Y1)

(capability X2, capability Y2)

…
(capability Xn, capability Yn)

X1<X2<…..Xn

X1…Xn shall be different for different band combination

	
	•
When Band X is the PCC

–
The scheduled duty cycle for Band X is between An-1% and An%

–
Then capability (An, Yn%) is taken. 

–
Only when the scheduled duty cycle on Band Y is below Yn% then the PC2 is applied.

•
When Band Y is the PCC

–
The scheduled duty cycle for Band Y is between Yn-1% and Yn%

–
Then capability (An%, Yn%) is taken. 

–
Only when the scheduled duty cycle on Band X is below An% then the PC2 is applied
	•
When Band X is the PCC

–
The scheduled duty cycle for Band X is between Xn-1% and Xn%

–
Then capability (Xn%, Yn%) is taken. 

–
Only when the scheduled duty cycle on Band Y is below Yn% then the PC2 is applied.

•
When Band Y is the PCC

–
The scheduled duty cycle for Band Y is between Yn% and Yn-1%

–
Then capability (Xn%, Yn%) is taken. 

–
Only when the scheduled duty cycle on Band X is below Xn% then the PC2 is applied


Proposal 2: For PC2 inter-band CA case, it is proposed option 2a is adopted

Proposal 3: For FDD+TDD case, it is proposed to select FDD as reference band by considering the dutycycle for FDD is not so viable and FDD band usually has better coverage due to low frequency. The reference points can be reused from NSA FDD+TDD case. For TDD+TDD case, it is proposed to select Low band as reference band, but how many reference points shall be used can be FFS.
1 Conclusion

In this paper, we give the further analysis based on the WF in the last meeting and make the following observations and proposals:
Observation 1: If dutycycle based solution is used, the P-MPR impact on UE configured maximum output power could be decrease.

Proposal 1: Besides the default solution, i.e. UE implementation based solution (P-MPR), the dutycycle based solution can be introduced as a capability for PC2 NR inter-band CA UE meeting SAR issue.
Observation 2: For option 2, the most important thing is not about which band is selected as reference band but how many reference points and theirs values are used.

Observation 3: Option 2a is not only saving signaling but also be more operable in practice compared to option 2b.

Proposal 2: For PC2 inter-band CA case, it is proposed option 2a is adopted

Proposal 3: For FDD+TDD case, it is proposed to select FDD as reference band by considering the dutycycle for FDD is not so viable and FDD band usually has better coverage due to low frequency. The reference points can be reused from NSA FDD+TDD case. For TDD+TDD case, it is proposed to select Low band as reference band, but how many reference points shall be used can be FFS.
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