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1. Introduction 

An LS was received from RAN1, regarding UE PA configurations for UL TD or MIMO. In this contribution we discuss related technical topics and suggest topics for consideration in the response LS and for future RAN4 work. 
2. Discussion
The RAN1 LS stated the following:

------------------------------------------------------------------------------------

RAN1 has been discussing various power amplifier (PA) architectures in support of multi-antenna techniques for the UL of LTE-A. In summary, for 2Tx antenna, the following architectures have been identified:

a) 20dBm + 20dBm

b) 23dBm + 23dBm

c) 23dBm + x, where x < 23dBm

------------------------------------------------------------------------------------

We believe that there can be valid applications found for each of the options, therefore, it would be the best if the physical layer does not exclude any of the listed options.  This point will be expanded further in the following sections. 

2.1.  Maximum conducted output power

It had been discussed in the past that regulatory limits restrict the UE conducted output power to no more than 23dBm plus tolerance.  This is not quite true in all regions though.  We list below the regulatory radiated limits applicable in the US, for example.  
· Band 2 (US PCS) 
2 W EIRP 

· Band 4 (AWS)
1 W EIRP

· Band 5 (US Cell) 
7 W ERP

· Band 7 (2.5GHz)
2 W EIRP

· Band 12 (lower 700)
3 W ERP

· Band 13 (upper 700)
3 W ERP

· Band 14 (PS shared)
3 W ERP

· Band 17 (700 AT&T)
3 W ERP  
Since the typical UE antenna gain and cable losses are negative, a 23dBm conducted power would result in radiated output power well below the limits listed above; therefore, it can be seen that limiting the output power to 23dBm is not necessary for regulatory reasons in the US.

Of course, there are still SAR and thermal limitation that need to be observed, which we address as follows.

· Assuming typical PA efficiency, the dissipated heat will be significantly increased for higher Pout, which is a valid concern for a certain class of devices; this can be addressed by limiting the increased Pout (beyond 23dBm) only in discontinuous transmission cases.
· SAR limits would be violated with certain devices if Pout was increased.  This only applies to a subset of devices though; therefore it is not a universal limitation. Also, in the discontinuous transmission case, the SAR concerns are also alleviated.
In any case, it is recognized that it is of limited value if a subset of UE are capable of higher output power because the eNB deployment has to be designed based on the worst case UL link budget.  But we still believe that it is overly simplistic to exclude >23dBm power based on regulatory considerations alone at this point. 
2.2.  Antenna Gain Imbalance

In previous discussions, it had been often stated that there is a difference between DL and UL MIMO in that while the Tx antenna gains can be typically assumed balanced at the eNB, the same doesn’t hold for the UE.  We agree that this is a valid concern; however, we’d like to add the following points:

1. There will be applications, where it is reasonable to assume that the antenna gains will be balanced, for example embedded laptop modems, where the antenna is in the display case

2. There will be applications where antenna imbalance occurs due to different body losses.  For these cases, the direction of the imbalance is random, so designing with static PA max power differences is not warranted. 

Also, the right metric for link performance evaluation is the delivered SNR to the target receiver vs. the interference generated to all non-intended receivers (inter-cell interference created for non-serving cells).  If the conducted power is increased in order to compensate for the antenna gain imbalance then the link performance can be made identical to the case of zero antenna gain imbalance. 
2.2.1. Imbalance compensation

In previous studies, it was assumed that Tx antenna gain imbalance creates link inefficiency because it results in differences in average received SNR between the received signals from the two antenna.  As mentioned above, this assumption is only true though if the antenna gain imbalance is not compensated for.  The antenna gain can be made balanced, for example, by introducing new power control signaling on the DL in order to change the antenna power ratio. 
Of course, there are limitations to the effectiveness of any gain imbalance compensation scheme. 

1. Close to the power cap, the gain imbalance compensation looses efficiency

2. Gain imbalance compensation is not optimum from a battery life perspective

3. There may be signaling overhead introduced

We recommend that the RAN4 response to the RAN1 LS should suggest evaluating the possibility of antenna gain imbalance compensation, and in general defining rules how the power control equations should apply to multi-antenna devices. 
2.3.  PA current consumption

In general, the smaller the PA maximum power rating (i.e. maximum supported Pout with given linearity), the better the PA efficiency is.  Therefore, there is a motivation for using 20dBm PAs instead of 23dBm PAs if the requirements can be met. 
In the following, assume that the UE has to produce 26dBm power at the PA output, which will give 23dBm conducted output power after accounting for insertion losses. In order to keep consistency with the RAN1 notation, power will be referenced to the antenna connector, i.e. including insertion losses, in the remainder of this contribution.  

 Current consumption estimates for the 23dBm Pout case are given in Table 1 below: 

	Case
	PA_1 power (dBm)
	PA_2 power (dBm)
	PA_1 current (mA)
	PA_2 current (mA)
	Total current (mA)

	PA_1 = 20dBm PA_2 = 20dBm
	20
	20
	221
	221
	442

	PA_1 = 23dBm PA_2 = 23dBm
	20
	20
	312
	312
	624

	
	23
	0
	442
	0
	442

	PA_1 = 23dBm PA_2 = 20dBm
	20
	20
	312
	221
	533

	
	23
	0
	442
	0
	442


Table 1  PA Current consumption in the different PA configuration cases
We can observe that using larger PAs (in terms of maximum power rating) is detrimental to battery life. The resulting loss can be regained if one of the PAs is switched off, although that eliminates any diversity or MIMO gain as well. 
For example, a single 23dBm rated PA operating at 23dBm conducted Pout already uses about the same current as two 20dBm rated PAs operating at 20dBm conducted Pout each. 

Of course, when the UE is at maximum power and there is a significant antenna gain imbalance, then it is beneficial to have a 23dBm rated PA available connected to the better (i.e. higher gain) antenna.  In the case of poor secondary antenna performance, this is the only way to maintain UL link budget on par with single antenna devices. But again, reduced secondary antenna performance will only be typical for a certain class of devices. 
We also note that the comparison shown in Table 1 is valid only for the cases when the PAs operate in the highest gain stage. For other gain stage selections, for example when the UE operates at around 0dBm output power, the PA current consumption should be largely independent of the PA max power rating. In these cases; however, the PA current consumption will not determine the total UE current consumption anyway. 
3. Conclusions

We recommend including the following in the RAN4 response to the RAN1 LS [1]: 

1. Neither of the options listed in the RAN1 LS should be excluded
2. Since the maximum power limitation can vary in the future, techniques, such as low CM waveforms or low CM precoding vector choices, should be maintained in LTE-A, irrespective of the current view of most likely PA configurations
3. Recommend studying the optimum power control method for multi-antenna devices

4. Study the need for any knowledge of the UE PA configuration by the eNB (not requiring such knowledge is preferable)
It is possible that item 4) in the list would be more appropriate to be initially discussed in RAN4 rather than in RAN1. On that basis, we don’t have a strong view regarding its inclusion in the current response LS. But at least the other three points should be included if they accurately represent the RAN4 view. 
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