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1 Introduction

In RAN #73 meeting, new WI on Add Power Class 1 UE to B3/B20/B28 for LTE [1] was approved. The objective of the work item is to specify the RF requirements for Power Class 1 UE that are applicable to Band 3, Band 20 and Band 28. In this contribution, we mainly focus on the MPR/A-MPR requirements for PC1 HPUE in Band 3, Band 20 and Band 28 as described in the objective 3 in the WID.
3. The work item will ensure that co-existence and compatibility issues with existing deployments in Band 3, Band 20 and Band 28 or adjacent bands (including DTV) do not arise. New AMPR tables will be developed if needed.

2 MPR requirement for PC1 HPUE
From the section 6.2.3 in 36.101 [2], we can observe that there are specific reference for Class 1, 2 and 3 that the MPR requirement apply for in the table 6.2.3-1. 

Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1, 2 and 3
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3


For non-contiguous resource allocation, the requirements in the type of formula are also specified referring to Class 1 and 3 which were updated during introduction of power class 2.
Based on the above observation, we could find that MPR requirement for Power class 1 has been specified in 36.101 and the requirements definition are kept same as for Power class 3 which are band agnostic.
Proposal 1: MPR requirements for power class 1 are band agnostic.
3 A-MPR requirement for PC1 HPUE
First we retrieve the A-MPR table in section 6.2.4 of 36.101[2] to list the A-MPR requirement for Band 3, 20 and 28 related to Power class 3 UE. Other NSs which are not relevant to this discussion are omitted.

Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	N/A

	NS_10
	
	20
	15, 20
	Table 6.2.4-3

	NS_17
	6.6.3.3.10
	28
	5, 10
	Table 5.6-1
	N/A

	NS_18
	6.6.3.3.11
	28
	5
	≥ 2
	≤ 1

	
	
	
	10, 15, 20
	≥ 1
	≤ 4

	NOTE 1
Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7 MHz) + 4 MHz + the channel BW assigned, where channel BW is as defined in subclause 5.6.  A-MPR for operations below this frequency is not covered in this version of specifications except for the channel assignments in NOTE2 as the emissions requirement in 6.6.3.3.1 may not be met. For 10MHz channel bandwidth whose carrier frequency is larger than or equal to 1945 MHz or 15 MHz channel bandwidth whose carrier frequency is larger than or equal to 1947.5 MHz, no A-MPR applies.

NOTE 2
Applicable when carrier frequency is 1932.5 MHz for 15MHz channel bandwidth or 1930 MHz for 20MHz channel bandwidth case.

NOTE 3: Applicable when the E-UTRA carrier is within 1920-1980 MHz.

NOTE 4: Applicable when the upper edge of the channel bandwidth frequency is greater than 1980MHz.


3.1 For Band 3
From the table we can found there is no A-MPR requirement for Band3, or in another way, there are no additional limitation for Band 3. Thus MPR requirement would be enough for Band 3. This shall also be applied for Power class 1 UE. 

Proposal 2: No A-MPR requirement for Power class 1 UE in Band 3.
3.2 For Band 20
The A-MPR for Power class 3 in Band 20 has been intensely discussed before and captured in the TR 38.810[3]. The contribution R4-093654 [4] gave the detailed analysis for A-MPR derivation. Based on the analysis we can find that the main reason to introduce A-MPR for Band 20 is that the IQ-image and carrier leakage components are distorted on the PA and 5th order IM products hit on own Rx band. The following figure showed the de-sensitization by the uplink RB allocations due to different IQ-image and carrier leakage capabilities.
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Fig. 1 De-sensitization by the uplink RB allocations due to different IQ-image and carrier leakage capabilities [4]
At last to solve the desensitization for Power class 3 UE in Band 20, a combination of the following methods was adopt under the assumption of 25dBc for Carrier leakage & IQ-image requirement. 
· Define the A-MPR requirements for 15MHz and 20 MHz bandwidth

· REFSENS is relaxed 1 dB for 15MHz and 20 MHz bandwidth

Observation 1: A-MPR is derived by considering the 5th order IM inducing de-sensitization for Band 20. 
Observation 2: 25dBc Carrier leakage & IQ-image requirement is adopted when define the A-MPR requirements for Power class 3 UE in Band 20.
The value -25dBc is a minimum requirement to measure the level of I/Q imbalance from analog circuit perspective. However, calibration for image and carrier leakage is very common in commercial base band chipsets. The practically achievable suppression after calibration for I/Q imbalance is about 34dB in the transmitter, which was also assumed when determining the MPR/A-MPR requirements for UL 256QAM [5]. In that case, from the figure 1, we can find the de-sensitization will be improved by at least 6dB because by now the suppression for carrier leakage and IQ-image can be more than 30dB in state-of-art. It worth to note that although for Power class 1 UE in Band 20, the transmit power is 8dB higher than for Power class 3 UE, however as the ACLR( i.e. linearity )is also improved by 7dB, which means the emission absolute level will keep almost same as that for Power class 3 UE. 
So the conclusion is the higher power will have little impact to the emission level. At the mean time the de-sensitization is also improved by the good performance of carrier leakage and IQ-image. It is justified to propose:
Proposal 2: Keep the A-MPR table unchanged for Power class 1 UE in Band 20.

3.3 For Band 28
For Band 28, we can see from the table 6.2.4-1 in section 3 that there are two Network Signals NS_17 and NS_18 for A-MPR requirements. 
NS_18 is for the region where Power class 1 is not permitted. Thus there is no need to specify A-MPR table for Power class 1 UE in Band 28 for NS_18. 
Proposal 3: No need to specify A-MPR table for Power class 1 UE in Band 28 for NS_18.
NS_17 is mainly for the EU region for Power class 3 UE where the Power class 1 vehicle mounted equipment is intended to be used. From the NS_17 table, we can see that the A-MPR is same as MPR requirement although there is additional spurious emission as shown in table 6.6.3.3.10-1 in 36.101[2], which means the filter can provide enough attenuation towards the additional out of band spurious emission requirement. 
Table 6.6.3.3.10-1: Additional requirements [2] 

	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 
	NOTE

	
	5, 10 MHz
	
	

	470 ≤ f ≤ 710
	-26.2
	6 MHz
	1

	NOTE 1:
Applicable when the assigned E-UTRA carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.


For Power class 1, as the maximum transmit power is improved by 8dB, however as the ACLR( i.e. linearity )is also improved by 7dB, which means the emission absolute level will keep almost same as that for Power class 3 UE when considering even the same duplexer performance between them.
So the bottleneck that limits the spurious emission and effects to A-MPR determination is the duplexer performance for Band 28. For Power class 3, the duplexer is kind of SAW duplexer which is adopted commonly in the terminal by considering the tradeoff between cost and performance. For Power class 1 the scope is towards security system, high performance duplexer would be adopted. Under this background, it is proposed that 
Proposal 4: No need to specify A-MPR table for Power class 1 UE in Band 28 for NS_17.
4 Conclusion

This contribution provides analysis on MPR/A-MPR for Power class 1 UE in Band 28. Based on the analysis, we have the following proposals.
Proposal 1: MPR requirements for power class 1 are band agnostic.
Proposal 2: No A-MPR requirement for Power class 1 UE in Band 3.

Proposal 3: No need to specify A-MPR table for Power class 1 UE in Band 28 for NS_18.
Proposal 4: No need to specify A-MPR table for Power class 1 UE in Band 28 for NS_17.
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