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1 Introduction
LS from RAN4 [1] concerns additional inter-modulation products (IMP) generated by simultaneous transmission of PUSCH and PUCCH or clustered PUSCH. It stated that UE power back-off up to 10 dB in some cases could be required.
In the paper, we evaluate the influence of UE power back-off to the system performance for clustered PUSCH transmission (i.e. non-contiguous resource allocation). The results indicate sufficient gain by non-contiguous resource allocation still can be obtained even if 10dB maximum power reduction (MPR) is added. We observed that the clustered PUSCH transmission with 10dB MPR has better cell throughput than single cluster transmission without MPR.
In addition, we propose to discuss simple RAN1 solution which can reduce RAN4 tasks, especially for clustered PUSCH transmission. 
This contribution is a basically update of R1-102867. Some preliminary evaluation results on PSD-based power control by using real PA are added in Appendix C.
2 System performance evaluation with MPR
2.1 Simulation configuration
We evaluate the average cell throughput of clustered PUSCH transmission with additional MPR in case of ISD=500m with 3GPP SCM Urban Macro (UMa) model (case1). The simulation conditions used in our evaluation are shown in Table 4 in Appendix. We also use realistic simulation configurations, i.e., CM dependent maximum power reduction, SINR estimation error, SRS transmission bandwidth and TPC error due to power tolerance. Details of the configuration are described in our other contribution [2]. 
In the evaluation, constant UE power back-off of 0, 2, 4, 6, 8 and 10dB is simply added as the additional MPR when UEs transmit multi-cluster PUSCH. Meanwhile, no MPR (MPR=0dB) is applied when contiguous resources are allocated.
2.2 Simulation results
Table 1 and Table 2 show the average cell throughput in case of 10MHz system bandwidth and 20MHz system bandwidth, respectively. 
From the results, we observed that the clustered PUSCH transmission with 10dB MPR has better cell throughput than single cluster transmission without MPR. The average cell throughput is improved 9-18% by introducing the non-contiguous resource allocation even if the 10dB MPR is added.
This is because the throughput performance gain is mainly come from the frequency scheduling gain of the UEs having sufficient power head room (PHR). So, the performance does not affected greatly by the additional MPR. In addition, the additional MPR is rarely applied to cell edge UEs since contiguous resource allocation is usually applied because of transmission power limitation irrespective of whether the additional MPR is applied.
Table 1 Average cell throughput versus the maximum number of clusters (System BW=10MHz)
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Table 2 Average cell throughput versus the maximum number of clusters (System BW=20MHz)
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3 Discussion on IMP issue and solutions
3.1 IMP issue
Spectrum emission due to IMP is generated due to the nonlinearity of power amplifiers in case of not only multicarrier/multi-cluster transmission but also Rel.8 single carrier transmission. 
Problem discussed in RAN4 is that there is possibility to generate larger spectrum emission in case of multicarrier/multi-cluster DFT-spread OFDM transmission if Rel.8 transmission power control [3] and Rel.8 MPR configurations [4] are simply applied, because these Rel.8 TPC and MPR configurations were designed with assuming single DFT-spread OFDM transmission (contiguous resource allocation).  
In addition, we should take into account not only out-of-band emission, such as E-UTRA spectrum mask and co-existence with other services, but also in-band emissions being interference to the other UE's transmission. Therefore, it would be reasonable to retain the same emission level as Rel.8 single-carrier transmission for both out-of-band and in-band emission in order to reduce or to avoid RAN4 efforts.
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Figure 1 Illustration of out-of-band emission and in-band emission due to IMP.

3.2 Solutions to the spectrum emission issue due to IMP
In the RAN4 LS [1], all possible multi-cluster transmissions are collectively discussed. These multi-cluster transmissions should be classified into two categories in terms of transmission power control for each cluster. We discuss them separately. 
- Common power control: clustered PUSCH in a CC, multiple PUCCH in a CC.

- Independent power control: PUSCH/PUCCH transmission, NxSC-FDMA over multiple CCs

A.  Common power control
We think common power control is applied for clustered PUSCH in a CC. If multiple PUCCH transmission in a CC is supported, we also think common power control is applied for such multiple PUCCH transmission.

In case of common power control for each cluster, simpler solutions can be considered to solve spectrum emission issue due to IMP as follows. 

Option 1: Configure one or two additional MPRs in RAN4 spec. (e.g. for typical case and the worst case)

This option is to control the total transmission power with assuming the worst resource allocation case, i.e. two clusters are allocated at the both edges of the system band, in order to avoid unwanted spectrum emission.  Limiting the number of additional MPR configurations, e.g., limiting 2 MPRs as for typical (4-6dB MPR) and the worst (around 10dB MPR) cases, RAN4 tasks may be reduced. However, still some evaluation efforts to decide the additional MPRs are needed with taking into account both out-of-band emission and in-band emission.

Option 2: Modify transmission power control procedure in RAN1 spec. 
This option is to control the power spectral density instead of the total transmission power in RAN1 specification.  By restricting the transmission power spectral density at the same level as Rel.8 single carrier transmission, both out-of-band and in-band emission would keep the similar level with Rel.8.  Under simple signal condition e.g. two continuous sine waves and simple PA modelling, emission level of non-contiguous transmission would be equal to that of contiguous transmission theoretically[5].
With this option, RAN4 efforts could be dramatically reduced.  Option 2 can be simply realized, for example, by extending Rel.8 transmission power control procedure as follows.

When comparing to the maximum transmission power PCMAX, contiguous resource allocation is assumed as e.g. 
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where MC(i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks regarded as if contiguous resource allocation for subframe i, as shown in Figure 2. In this calculation, in spite of the non-contiguous resource allocation, the lowest index and the highest index are used for the bandwidth calculation.
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Figure 2 clustered PUSCH resource assignment 

The actual UE transmit power 
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where MPUSCH(i) is the number of resource blocks actually allocated for the PUSCH transmission (i.e. same definition as Rel.8). 
Even when non-continuous resource is allocated, a power spectrum density is limited to the same level as the Rel.8 single carrier transmission as a result to assume the continuous resource allocation and to limits the maximum transmitting power. 10log10(MPUSCH(i)/MC(i)) [dB] in eq.(2) can be seen MPR equivalently. Table 3 shows an example of equivalent MPR values of option 2 in case of 10MHz (50RBs) system bandwidth with 3-RB allocation granularity. Smaller MPR values are used in most combinations of non-contiguous resource allocation compared to the option 1 (i.e. fixed MPR definition).  In addition, influence of applying the proposed PSD-based power control to system performance is evaluated as in Appendix B. From the results, we confirmed that the cell throughput performance of non-contiguous transmission does not deteriorate under the same conditions with the section 2.1. 

From the above discussion, by assuming contiguous resource allocation for PCMAX comparison, MPRs defined in Rel.8 [4] could be reused and specific additional MPR for clustered PUSCH may not be needed, because the same amount of spectrum emission as Rel.8 can be retained as illustrated in Figure 3. Therefore, we expect RAN4 efforts could be dramatically reduced. 

In Appendix C, we provide preliminary evaluation results on the proposed PSD-based power control (i.e. option 2) by using real PA. 
We propose
· to consider PSD-based transmission power control (i.e. Option 2) to solve IMP issue for multi-cluster transmission using common power control, and 

· to ask RAN4 whether PSD-based TPC can solve the IMP issue in case of clustered PUSCH transmission. 
Table 3 Equivalent MPRs in dB by using option 2 (10MHz(50RB), RBG=3RB)
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Figure 3 Operation principle of PSD-based transmission power control (Option2)

B.  Independent power control
In case of PUSCH/PUCCH transmission and NxSC-FDMA over multiple CCs transmission, we assumed independent power control with some limitation is applied. It would be possible to apply common power control method discussed above. However, more careful consideration would be needed. 
FFS for multi-cluster transmission using identical power control. 
4 Conclusions
In this paper, we show the influence of UE power back-off to system performance for clustered PUSCH transmission by system level simulation. 
From the results, the sufficient system performance gain by non-contiguous resource allocation can be obtained even if 10dB maximum power reduction (MPR) is considered. 
We propose
· to consider PSD-based transmission power control (i.e. Option 2) to solve IMP issue for multi-cluster transmission using common power control, and 

· to ask RAN4 whether PSD-based TPC can solve the IMP issue in case of clustered PUSCH transmission. 
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Appendix A
Table 4 gives the system level simulation parameters used in our evaluation.
Figure 4 shows the CDF of PUSCH transmission power of the UEs in case of 10MHz system bandwidth. We observe that around 80% of the UEs can transmit the clustered PUSCH without influence of 10dB MPR in this condition.
Table 4  System level simulation conditions.

	Parameter
	Value

	System bandwidth
	10 MHz (50RBs), 20MHz (100RBs)

	Carrier frequency
	2.0 GHz

	Multiple access scheme
	DFTS-OFDM :Contiguous allocation
( The maximum number of clusters = 1

Clustered DFTS-OFDM :Non-contiguous allocation 

( The maximum number of clusters = 2,3,4, no limit

	Scheduling resolution
	1RBG = 3RBs for 10MHz,  4RBs for 20MHz.

	Inter-site distance(ISD)
	500m for 3GPP Case 1

	Maximum transmission power at UE
	Contiguous resource allocation: 23.0 dBm
Non-contiguous resource allocation:

 22.0dBm (2 cluster),  21.0dBm (> 2cluster)

	Number of UEs per a cell
	10UEs

	Number of the max. assigned UEs per sub-frame
	10 MHz BW: 10 UEs,  20MHz BW:20 UEs


	Tx / Rx Antenna configuration 
	1Tx / 2Rx (SIMO)

	UE mobility
	3 km/h

	Channel model
	3GPP Urban Macro (UMa) 

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 cell per site

	Sub-frame length
	1 msec

	Transmit power control (TPC)
	P = min{Pmax, P0 + 10·log10·M + α · L}  
where 
Pmax : the maximum UE transmit power,
P0 : a cell-specific parameter,
M : the number of RBs allocated to the UE,
α : a cell-specific path-loss compensation factor,
L : the path-loss measured at the UE.

	[α, P0] for TPC
	[0.8, -90dBm]

	Hybrid ARQ
	Incremental redundancy

	Max. retransmissions
	3

	Scheduling algorithm
	Proportional fairness

	Distance dependent path loss 
	128.1 + 37.6 log10 (r) [dB]  (r: kilometres)

	Receiver type 
	MMSE

	Traffic model
	Full buffer

	Channel estimation error
	Ideal (without impairment for demodulation)

	TPC error
	Gaussian noise [2]

	SRS
	Bandwidth
	Adaptive SRS bandwidth, Frequency Hopping: off

48/24/12/4RBs for 10MHz  (PUCCH overhead is 2RB)

96/48/24/4RBs for 20MHz  (PUCCH overhead is 4RB)

	
	Estimation error
	SINR dependent error

	
	Feedback period
	5ms

	
	Process delay
	6ms
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Figure 4 CDF versus average Tx Power
Appendix B

Here, we evaluate influence of limiting the transmission power spectral density to system performance when the proposed power control described in section 3 is applied.

In this evaluation, no MPR (MPR=0dB) (except CM dependent MPRs) is applied even if non-contiguous resources are allocated. The parameters are the same as the evaluation described in section 2.1. 
Table 5 and Table 6 show the average cell throughput in case of 10MHz system bandwidth and 20MHz system bandwidth, respectively. These results compare the cell throughput with and without proposed power control.
From the results, we observed that the cell throughput of non-contiguous transmission is affected by applying proposed modification to Rel.8 TPC (i.e. option 2 in section 3).
The proposed power control is equivalent to add "
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 becomes 2 -4 dB averagely as shown in Figure 3. In case of ISD=500m (case1) as non-power limited condition, the performance does not affected greatly by the additional MPR of 2 -4 [dB].  
Table 5 Cell throughput versus the maximum number of clusters (System BW=10MHz)
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Table 6 Cell throughput versus the maximum number of clusters (System BW=20MHz)
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Appendix C (Preliminary evaluation on PSD-based TPC (option2))
We measure the transmission power spectrum density (PSD) of contiguous transmission and non-contiguous transmission with proposed Rel.8 TPC extension (i.e. option2 in seciton2) by using the real PA which UE for HUSPA is equipped with.
The evaluation condition is shown in Table 7. 

We evaluate 2 cluster and 3 cluster allocation, where two of clusters are allocated on the edge of the system bandwidth.
Table 7  Evaluation condition.

	Parameter
	Value

	System bandwidth
	10 MHz (50RBs)

	Carrier frequency
	1.950 GHz (Band 1)

	Contiguous transmission
	Mc =MPUSCH= 50RBs

	Non-contiguous transmission
	Mc = 50RBs
2 cluster allocation
· Number of clusters = 2
· Total number of allocated RBs (MPUSCH(i)) = 4RBs

· Number of RBs of each cluster = 2RBs

· Frequency location of each cluster:

· 1st cluster  : RB#0-RB#1          (edge of system BW)

· 2nd cluster : RB#48-RB#49      (edge of system BW)

3 cluster allocation
· Number of clusters = 3

· Total number of allocated RBs(MPUSCH(i)) =6RBs

· Number of RBs of each cluster = 2RBs

· Frequency location of each cluster:

· 1st cluster  : RB#0-RB#1         (edge of system BW)

· 2nd cluster : RB#24-RB#25     (center of system BW)

· 3rd cluster : RB#48-RB#49      (edge of system BW)



	Transmission power at UE
	Contiguous resource allocation: 23.0 dBm
Non-contiguous resource allocation:  23.0 + 10log10(MPUSCH/MC) 
12.0 dBm (2 cluster), 13.8 dBm (3 cluster) 

	Resolution bandwidth
	100kHz (Figure 6, Figure 7)

1MHz (Figure 8)


Figure 6 and Figure 7 show the spectrum emission of contiguous transmission and non-contiguous transmission with proposed TPC in case of 2-cluster and 3-cluster allocation, respectively. 

In Figure 6, spectrum emission level of non-contiguous transmission is slightly exceeds that of contiguous, complex modulated signal, PAPR/CM characteristics of the signal, PA design/characteristics, etc. would be reasons. Meanwhile, from the results, we confirmed that the spectrum emission of non-contiguous transmission meets the general mask and the NS_04 mask of Rel.8 single carrier transmission, and seems sufficiently below than these masks.  
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Figure 6  Spectrum emission (2 cluster). 
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Figure 7  Spectrum emission (3 cluster).

Figure 8 shows the spurious emission in Band 34 (i.e., 2010 – 2025 MHz) which is adjacent to Band 1 [4]. 
From the result, we observe that IMP of non-contiguous transmission becomes small enough than that of contiguous transmission and meets the spurious emission requirement.
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Figure 8  Spurious emission.
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