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1 Introduction
In this contribution, we propose power control formulas for cases of UL SU-MIMO transmissions. The formulas are mostly the same as defined in Rel-8/9. The only change is in 
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 which is used to adapt the transmission power in accordance to the scheduled PUSCH MCS. In RAN1#62bis meeting, it was agreed that in case of Ks=0 in 
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, power is divided between transmitting antennas in accordance with the ratio of the precoding weights. In this contribution, we additionally consider the case of applying non-zero Ks, which is 1.25 for SIMO transmissions in Rel-8/9. When Ks=1.25, the UE’s transmission power is adapted in accordance to the scheduled MCS. This enables full utilization of UE’s transmission power and is beneficial to UEs with sufficient TX power headroom, e.g., UEs in good geometry conditions. However, for SU-MIMO cases with non-zero Ks, it was concerned that assigning different power to respective transmit antennas can be problematic when too much power is assigned to a subset of antennas and the power amplifier of each transmit antenna does not have full capacity, compared to the case of a single PA with a single transmit antenna. Another issue raised during the meeting is that a different value for Ks, other than 1.25, may be needed in case of SU-MIMO transmission. Considering these aspects, we propose in Section 2 that equal power is divided between transmit antennas for both cases of zero and non-zero Ks with presenting formulas mostly based on Rel-8/9. In Section 3, we present values for Ks for SU-MIMO cases, along with curve fitting results between the ones obtained by simulations and by using a modified Shannon formula.
2 Power control formulation
For both cases of single and multi antenna transmissions, the setting of the UE transmit power
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 for PUSCH in subframe i can be commonly defined as:
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 [dBm] – Eq. (1)
where the definition of each term in the above formulas are as given in TS 36.213:
· 
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is the configured UE transmitted power defined in [9]

· 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks 

· 
[image: image7.wmf])

(

O_PUSCH

j

P

is a parameter composed of the sum of a cell specific nominal component and a UE specific component configured from higher layer
· PL is the downlink pathloss estimate calculated in the UE in dB and 
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 to be configured via higher layer
· 
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 for non zero 
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· 
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 is the PUSCH power control adjustment state at subframe i.

The only terms different between cases of single and two TB transmissions are 
[image: image13.wmf]MPR

and 
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 and will be discussed in detail in Sections 2.l and 2.2. When two TBs are transmitted, the total transmission power given by Eq. (1) is equally divided between the two TBs for both cases of non-zero and zero 
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 values, implying equal division between all transmit antennas as well in accordance with the ratio of the precoding weights.
In following sections, we present the expression for 
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 for cases of single and two TB transmissions, respectively.

2.1 
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 for single TB transmission cases
In cases that a single TB is transmitted from the UE, the expression for 
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 is exactly the same as defined in Rel-8/9:
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where 
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Here, 
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 is the number of code blocks, 
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 is the size for code block 
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 is the number of resource elements. It is proposed that the above equation applies to the case of single TB transmission in multi-antenna transmission mode as well as in single antenna transmission mode. As shown in the results in Section 3, the analytical results obtained based on a modified Shannon formula fit well the simulation results.
2.2 
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  for two TB transmission cases
In cases that two TBs are transmitted, 
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 given below appears the same as the one for single TB transmission cases, but the expression for 
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 changes to reflect the MPRs for the two TBs, along with using 
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 different from the one for single TB transmission cases.
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  – Eq. (5)
where
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of the two TBs sent in multi-antenna transmission mode, respectively, and computed from Eq. (4).  The rationale behind modeling the aggregate MPR as a sum of the MPRs for the two TBs as in Eq. (6) is that the total transmission power is decided in accordance with the aggregate MPR, which is actually equivalent to the target spectral efficiency to be achieved with the scheduled PUSCH transmission. As the total transmission power is equally divided between the TBs and also between the transmit antennas, modeling the aggregate MPR as the sum of 
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 and 
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 is mostly equivalent to modeling it as the average of 
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 with the transmission power for each TB being decided as per the average MPR, as proposed in [7]. Then, the difference is that the resulting 
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 values will differ in the order of two, with ignoring the “-1” term in Eq. (5) for medium-to-high MPR cases, which are typical in two TB transmission cases.
The values for 
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given above have been found by comparing the capacity results obtained by simulations with the analytical results obtained from a capacity formula, as presented in the following section.
3 Curve fitting of 
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 for two TB transmission cases
In deriving the equation for 
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 equation in Rel-8/9, Ks has been obtained by fitting SIMO performance simulation curves to the analytical results obtained by using a modified Shannon capacity formula given below [7]:
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where the parameter m is used in conjunction with Ks and can be reflected into 
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 configured via higher layer. Then, the SNR required to achieve a given MPR is obtained by:
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For a given MPR and Ks, the UE’s transmission power should be adapted in accordance to 
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, computed using:
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In order to find appropriate values for 
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 for two TB transmission cases, we compare the capacity results obtained by using Eq. (7) with simulation results based on the simulation parameters in Table 1. 
Table 1: Simulation parameters
	Parameter
	Assumption

	System bandwidth
	20 MHz

	Slot format
	Normal CP, 7 symbols per slot

	Channel coding
	Turbo code

	Target BLER for link adaptation
	10%

	HARQ for throughput results
	Chase combining

	MIMO receiver
	MMSE

	Channel model
	Typical Urban (TU) - 6 path

	Speed
	3km/h

	Data transmission BW
	10 PRBs

	Antenna configuration
	1x2, 1x4, 2x2, 2x4, 4x4

	Tx/Rx antenna correlation
	Uncorrelated

	Channel estimation
	Ideal


In Figures 1~5, the results obtained via analytical formulation and simulations are compared. It should be noted that the parameter m in Eq. (7) is fixed for a given number of Rx antennas, which is -1 dB and 5 dB for 2 Rx and 4 Rx antenna cases as shown in the results, respectively. This is due to the consideration that the same 
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 value, which is configured via higher layer, should be used in both multi and single Tx antenna (=fallback) cases which can switch dynamically according to the UL grant received in respective subframes. However, as formulated in Sections 2.1 and 2.2, different 
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 values should be used depending on the number of UE Tx antennas and the number of transmitted TBs in the corresponding subframe. 
The following observations are made from the results shown in Figure 1~5:

· In cases of single TB transmission (Figures 1 and 2), analytical results obtained using
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=1.25 defined in Rel-8/9 fit well with the simulation results
· In cases of two TB transmission with two Tx antennas (Figures 3 and 4), 
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=0.9 provides quite exact fits between the analytical and simulation results
· In cases of two TB transmission with four Tx antennas (Figure 5), 
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=0.7 provides quite exact fits between the analytical and simulation results
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Fig 1. Single TB with [1,2,4]x4 configuration.                     Fig 2. Single TB with 1x2, 2x2configuration.
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Fig 3. Two TBs with 2x4 configuration.                               Fig 4. Two TBs with 2x2 configuration.
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   Fig 5. Two TBs with 4x4 configuration.

4 Conclusion
In this contribution, we presented UL power control formulations for UL SU-MIMO transmission cases and provided analytical and simulation results for identifying appropriate 
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 values for multi TB transmission cases. In the proposed formulation, Rel-8/9 power control equations are mostly reused. In cases of multi TB transmission, the expression for MPR and the 
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 value slightly change. The followings are proposed for the cases of two TB transmission:
· For both zero and non-zero 
[image: image63.wmf]S

K

 cases, the total transmission power is equally divided between the transmitted TBs and also between the transmit antennas in accordance with the ratio of the precoding weights
· In case of non-zero 
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, the total transmission power is determined by using in 
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 the aggregate MPR defined as a sum of the MPRs of the respective TBs 
· 
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=0.9 and 
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=0.7 are used for two and four Tx antenna cases, respectively

· In case of single TB transmission, 
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=1.25 defined in Rel-8/9 is used
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