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1
Introduction
In RANWG4 #51, an Ad-Hoc meeting on DC-HSUPA was held, a summary of which was captured in [27]. The topic of specifying requirements for the transmitter characteristics for a DC-HSUPA UE was mainly discussed in this meeting. A few working assumptions were agreed upon and some items were listed as FFS. In this document, we discuss further the spectrum emission mask (SEM) requirement for DC-HSUPA. In particular, we review the existing SEM requirements for both UTRA and E-UTRA, and analyze the spectrum of a few DC-HSUPA waveforms based on realistic simulation of a DC-HSUPA RF transmitter (10MHz).Comparisons are performed with both WCDMA and the different LTE masks as defined in 25.101 and 36.101 respectively.
2
UE out-of band emissions in UTRA

Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio.
2.1

Background for UE out-of-band emission requirements in UTRA
Table 1:  Summary of regulatory references for UE requirements
	Requirement
	RAN4
TS 25.101 ‎[1]
	Definition 
	Some relevant regulatory references

	Occupied bandwidth
	6.6.1
	ITU-R
SM.328
(1.13) ‎[2]
	ITU Radio Regulations No. S1.153 ‎[3]

	Spectrum emission mask
	6.6.2.1
	ITU-R
SM.1541 ‎[4]

Limits defined in 3GPP ‎[1]
	ITU-R M.1581 (Annex 1.2) ‎[5]: Band I limits included.

FCC Title 47 part 24.238 ‎[6]: Band II limits.
FCC Title 47 part 27.53 ‎[6] Band IV limits.
FCC Title 47 part 22.917 ‎[6]: Band V limits.

ERC Report 65 ‎[7]: Based on Band I limits.
ECC Report 045 ‎[8]: Based on Band VII limits.
ECC Report 082 ‎[9]: Based on Band III and VIII limits. 

ETSI EN 301 908-2 ‎[11]: Limits included.

	ACLR
	6.6.2.2
	ITU-R
SM.1541 ‎[4]

Limits defined in 3GPP ‎[7]
	ITU-R M.1581 (Annex 1.3) ‎[5]: Band I limits included.
ITU-R M.2039 ‎[12]: ACLR limits included.

ERC Report 65 ‎[7]: Based on Band I limits.
ECC Report 045 ‎[8]: Based on Band VII limits.
ECC Report 082 ‎[9]: Based on Band III and VIII limits. 

ETSI EN 301 908-2 ‎[11]: Limits included.


2.2
UE Spectrum emission mask as specified in 5MHz UTRA
ITU-R SM.328 ‎[2] and SM.1541 ‎[4] define “Permissible out-of-band spectrum (of an emission)” as the power density of emissions above and below the necessary bandwidth. The spectrum emission masks defined for the UE in RAN4 specifications specify such limits of emissions, based on a necessary bandwidth of 5 MHz (+/- 2.5 MHz from the carrier centre frequency). No limits are specified inside the necessary bandwidth. 

For Band I the masks are also included in the ITU-R recommendation M.1581 ‎[5] on IMT-2000 unwanted emissions. The spectrum masks were mostly based on studies of the spectrum shape of UTRA emissions in early stages of RAN4 work. The masks are also limited by FCC regulations ‎[6] for Bands II, IV and V.

The masks were used for several 3GPP co-existence studies as input parameters. In regulatory bodies, CEPT/ECC used the masks as input to several reports studying co-existence and adjacent channel compatibility for IMT-2000 ‎[7] ‎[8] ‎[9]. These reports were partly developed in co-operation with 3GPP.

The UTRA UE mask ‎[1] is defined from 2.5 MHz to 12.5 MHz from the UE carrier centre frequency. 12.5 MHz is selected as 250% of the necessary bandwidth, as recommended in ITU-R SM.329 ‎[13]. The mask is defined with a 30 kHz resolution in the first MHz and with a 1 MHz resolution beyond that point. The mask is expressed in dBc, with an additional absolute limit.

The UE spectrum mask for the UE is mandatory in RAN4 specifications, to allow for global circulation of terminals. 

3
UE Spectrum emission mask as specified in EUTRA

The contributions in [14]-[26] serve as a good reference on the spectrum emission mask design for E-UTRA.
Initially, as recommended in ITU-R SM.329 [13], the UE spectrum emissions mask for LTE was defined for the out of band (OOB) domain corresponding to 250% of the necessary bandwidth defined as follows in [14];
The Spectrum emissions mask requirements will apply for frequencies that are closer to Fc than 250% of the necessary bandwidth of LTE. Frequencies that are separated from the carrier frequency Fc by more than 250% of the necessary bandwidth are part of the spurious domain, where the spurious emission limits apply as described in Clause 6.6.3. The necessary bandwidth is taken to be equal to the RF bandwidth of the LTE carrier.
However, in [15], [16], an alternative SEM solution was proposed which was not based on scalable bandwidth. The rationale behind this approach was to align the SEM requirement with regulatory requirements and to avoid unnecessary high MPR to meet the scalable bandwidth based mask. Essentially, an attempt was made to decouple the SEM and ACLR requirements. As per [16], SEM masks should be used to address regulatory requirements and ACLR requirements should be defined to address co-existence scenarios.

The key features of this alternate proposal are as follows:
1. The spectrum emission mask applies to frequencies (ΔfOOB) starting from the edge of the assigned E-UTRA channel bandwidth. For frequencies greater than (ΔfOOB) for each channel bandwidth the spurious requirements are applicable.  This is shown below in Figure 1.
[image: image1.emf]
Figure 1: LTE Transmitter RF spectrum
2. There exists some element of scalability (at least in the generic case) in the sense that the ΔfOOB boundary between the out of band and spurious emission domain scales with channel bandwidth in line with the following proposed table 

Table 4.1-1: ΔfOOB (MHz) spurious emission boundary 
	Channel bandwidth 
	1.4 [MHz] 
	3 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	ΔfOOB  (MHz)
	5
	6
	10
	15
	20
	25


3. The proposed general mask is based on an absolute value to align with ‘most’’ regulatory requirements and where possible it re-uses existing break-points from current regulatory requirements. In this case, the mask should be met for all resource block (RB) allocations in line with the allowed MPR reduction as allowed in 36.101.
4. For those cases where the regulatory requirements are not met with the general mask (OOB and spurious emission) this was addressed in terms of an additional requirement with an additional MPR (A-MPR) which is not the case for the proposed general mask.
5. The additional requirements (A-MPR) were signaled to the UE by the network as part of the cell handover information so that Additional MPR (A-MPR) can be supported for a particular cell to address a specific regulatory or deployment scenario.  The benefit of signaling the A-MPR was that it could be specified on a case by case basis. For example, a “sandwich” deployment in the same operator block would not need an A-MPR requirement compared with a channel assignment next to an adjacent operator where regulatory requirements may be applicable. 

In Figure 2, we plot the following SEMs as specified in the current UTRA and E-UTRA core specifications

· WCDMA 5 MHz (assuming a UE transmitting at 23dBm)
· LTE 5MHz

· LTE General 10 MHz

· LTE NS_03 10 MHz

· Applies as an additional SEM to Bands 2, 4, 5 and 10.
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Figure 2: Spectrum Emission Mask requirements in UTRA (5MHz) and EUTRA (5MHz/10MHz)
4
Analysis of SEM for DC-HSUPA
In this section, we perform a spectrum analysis of a few DC-HSUPA waveforms and compare the resulting spectrum with the different spectrum emission masks specified for WCDMA and LTE. The simulation was performed based on a realistic model of the RF transmitter chain which includes, the local oscillator (LO), mixers, driver amplifier (DA), power amplifier (PA), duplexer, and switchplexer as shown in Figure 1.
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Figure 1: Block diagram of transmitter (Analog/RF) for DC-HSUPA
Table 1 lists the different DC-HSUPA waveforms that were studied in this analysis. In this table, the DPCCH imbalance is defined as the DPCCH pilot power gain on the 2nd carrier relative to the 1st carrier. For example, an imbalance of +8 dB means the DPCCH on the second carrier is 8 dB higher than 1st carrier. The modulation assumed on each carrier is QPSK and E-DPCCH boosting was not enabled.
Table 1: DC-HSUPA Waveforms for SEM Analysis

	DC-HSUPA Waveform
	TBS1 [bits]
	TBS2 [bits]
	Carrier 1 SF
	Carrier 2 SF
	Carrier 1 15*βed/βc

15* βec/βc
	Carrier 2 15*βed/βc
15* βec/βc
	Carrier1 βhs/ βc
	DPCCH Imbalance [dB]

	
	
	
	
	
	Code1
	Code2
	Code1
	Code2
	
	

	1
	6206
	7173
	2SF2+
2SF4
	2SF2+
2SF4
	60
24
	84
24
	60
24
	84
24
	24
	0

	2
	256
	256
	1SF8
	1SF8
	34
24
	N/A
	34

24
	N/A
	OFF
	0

	3
	5178
	129
	2SF2
	1SF16
	95
19
	N/A
	24
19
	N/A
	OFF
	0

	4
	7173
	382
	2SF2+
2SF4
	1SF4
	60

24
	84

24
	42

24
	N/A
	24
	8

	5
	129
	5178
	1SF16
	2SF2
	24

19
	N/A
	95

19
	N/A
	OFF
	8


The SEM analysis methodology is summarized as below:

· For each of these waveforms, we determine a suitable MPR (relative to a Rel-5 MPR 0dB uplink waveform) such that ACLR1 = 33dBc. 

· The spectrum is then obtained for that MPR (UE output power = 23 dBm –MPR) and compared with the different masks:
· WCDMA 5 MHz

· LTE 5 MHz

· LTE General 10 MHz

· LTE NS_03 10 MHz
· If the spectrum fails either the LTE General 10 MHz SEM or the LTE NS_03 10 MHz spectrum, we then consider introducing an additional MPR referred to as A-MPR so that the spectrum passes the mask requirement.
	DC-HSUPA Waveform
	MPR [dB] required to achieve ACLR1 = 33dBc

	1
	2.5

	2
	2.5

	3
	0.5

	4
	2.5

	5
	0


DC-HSUPA#1: TBS1 = 6206 bits, TBS2 = 7173 bits, DPCCH Power Imbalance = 0dB, MPR = 2.5 dB
Figures 2 through 4 illustrate the spectrum plots for DC-HSUPA#1 (high TBS on both carriers, balanced pilot powers) against the different masks. From these figures, we observe the following:
· In Figure 2, the spectrum corresponding to A-MPR = 0dB fails the SEM defined for both the WCDMA 5 MHz and LTE 5 MHz mask.
· In Figures 3 and 4, the spectrum corresponding to A-MPR = 0dB, just satisfies (by ~1dB) both the LTE General 10 Mhz and the LTE NS_03 10 MHz SEMs.
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Figure 2: DC-HSUPA#1, A-MPR = 0dB : Comparison with WCDMA, LTE 5 MHz, LTE 10MHz SEM
[image: image5.emf]-4 -3 -2 -1 0 1 2 3 4

x 10

7

-70

-60

-50

-40

-30

-20

-10

0

Frequency

dBm/30 kHz

TBS1 = 6206 bits, TBS2 = 7173 bits, 0dB DPCCH power imbalance, MPR = 2.5 dB, A-MPR = 0dB

 

 

DC-HSUPA Spectrum

LTE General 10MHz

LTE NS03 10MHz


Figure 3: DC-HSUPA#1, A-MPR = 0dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM
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Figure 4: DC-HSUPA#1, A-MPR = 0dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM, Zoomed
DC-HSUPA#2: TBS1 = 256 bits, TBS2 = 256 bits, DPCCH Power Imbalance = 0dB, MPR = 2.5dB
Figures 5 through 7 illustrate the spectrum plots for DC-HSUPA#2 (low TBS on both carriers, balanced pilot powers) against the different masks. From these figures, we observe the following:

· In Figure 5, the spectrum corresponding to A-MPR = 0dB fails the SEM defined for both the WCDMA 5 MHz and the LTE 5 MHz mask.

· In Figures 6 and 7, the spectrum corresponding to A-MPR = 0dB, satisfies both the LTE General 10 MHz and LTE NS_03 10 MHz SEMs.
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Figure 5: DC-HSUPA#2, A-MPR = 0dB: Comparison with WCDMA, LTE 5 MHz, LTE 10MHz SEM
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Figure 6: DC-HSUPA#2, A-MPR = 0dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM
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Figure 7: DC-HSUPA#2, A-MPR = 0dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM, Zoomed

DC-HSUPA#3: TBS1 = 5178 bits, TBS2 = 129 bits, DPCCH Power Imbalance = 0dB, MPR = 0.5dB
Figures 8 through 9 illustrate the spectrum plots for DC-HSUPA#3 (high TBS on anchor carrier, low TBS on the secondary carrier, and balanced pilot powers) against the different masks. From these figures, we observe the following:

· In Figure 8, the spectrum corresponding to A-MPR = 0dB fails the SEM defined for both the WCDMA 5 MHz and the LTE 5 MHz mask.

· In Figure 9, the spectrum corresponding to A-MPR = 0dB, satisfies both the LTE General 10 MHz and LTE NS_03 10 MHz SEMs.
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Figure 8: DC-HSUPA#3, A-MPR = 0dB : Comparison with WCDMA, LTE 5 MHz, LTE 10MHz SEM
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Figure 9: DC-HSUPA#3, A-MPR = 0dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM
DC-HSUPA#4: TBS1 = 7173 bits, TBS2 = 382 bits, DPCCH Power Imbalance = 8dB, MPR = 2.5 dB
Figures 10 through 12 illustrate the spectrum plots for DC-HSUPA#4 (high TBS on anchor carrier, low TBS on the secondary carrier, and imbalance in pilot powers) against the different masks. From these figures, we observe the following:

· In Figure 10, the spectrum corresponding to A-MPR = 0dB fails the SEM defined for both the WCDMA 5 MHz and the LTE 5 MHz mask.

· In Figure 11, the spectrum corresponding to A-MPR = 0dB, satisfies both the LTE General 10 MHz and the LTE NS_03 10MHz SEM at a frequency offset of 5MHz to 10 MHz to the left of the centre of the assigned carriers, but fails the LTE General 10MHz SEM at a frequency offset of 15MHz to the left of the centre of the assigned carriers.
· In Figure 12, by introducing an A-MPR = 1dB , the spectrum satisfies the LTE NS_03 10 MHz SEMs
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Figure 10: DC-HSUPA#4, A-MPR = 0dB: Comparison with WCDMA, LTE 5 MHz, LTE 10MHz SEM
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Figure 11: DC- HSUPA#4, A-MPR = 0dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM
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Figure 12: DC- HSUPA#4, A-MPR = 1dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM
DC-HSUPA#5: TBS1 = 129 bits, TBS2 = 5178 bits, DPCCH Power Imbalance = 8dB, MPR = 0 dB
Figures 13 through 16 illustrate the spectrum plots for DC-HSUPA#5 (low TBS on anchor carrier, high TBS on the secondary carrier, and imbalance in pilot powers) against the different masks. From these figures, we observe the following:

· In Figure 13, the spectrum corresponding to A-MPR = 0dB fails the SEM defined for both the WCDMA 5 MHz and the LTE 5 MHz mask but satisfies the LTE General 10MHz SEM.
· In Figure 14, the spectrum corresponding to A-MPR = 0dB (zoomed version), easily satisfies the LTE General 10 Mhz in the frequency range of 5MHz to 8Mhz.
· In Figure 15 and 16, the spectrum corresponding to A-MPR = 0dB satisfies the LTE NS_03 10 MHz mask at the 6MHz breakpoint by ~1.25dB.
[image: image15.emf]-4 -3 -2 -1 0 1 2 3 4

x 10

7

-70

-60

-50

-40

-30

-20

-10

0

10

Frequency

dBm/30 kHz

TBS1 = 129 bits, TBS2 = 5178 bits, 8dB DPCCH power imbalance, MPR = 0dB, A-MPR = 0dB

 

 

DC-HSUPA Spectrum

WCDMA

LTE 5MHz

LTE General 10MHz


Figure 13: DC-HSUPA#5, A-MPR = 0dB: Comparison with WCDMA, LTE 5 MHz, LTE 10MHz SEM
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Figure 14: DC-HSUPA#5, A-MPR = 0dB: Comparison with WCDMA, LTE 5 MHz, LTE 10MHz SEM, Zoomed
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Figure 15: DC-HSUPA#5: Comparison with LTE 10 MHz and NS_03 10 MHz SEM
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Figure 16: DC-HSUPA#5, A-MPR = 0dB: Comparison with LTE 10 MHz and NS_03 10 MHz SEM Zoomed
5
Suitable SEM for DC-HSUPA
As seen in the previous section, we did encounter a waveform (DC-HSUPA#4) that failed the LTE General 10MHz SEM at 15MHz to the left of the centre of the assigned carriers (see Figure 11). As a result the LTE General 10MHz SEM may not be universally applicable.
We propose to derive the SEM for DC-HSUPA as follows:

· Symmetrically extend the 2nd breakpoint of both the LTE General 10MHz SEM and LTE NS_03 SEM in a horizontal direction by 2.5MHz from 15MHz to 17.5MHz and from -15MHz to -17.5MHz. This is shown below in Figure 17.
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Figure 17: Slight modification of LTE 10MHz SEMs to accommodate DC-HSUPA
Furthermore, based on the analysis of DC-HSUPA#5, due to carrier power imbalance, the DC-HSUPA spectrum barely satisfies the LTE NS_03 SEM (Figure 15 and Figure 18) at 6MHz to the right of the centre of the assigned frequencies. Further investigation is needed to understand the sensitivity of the spectrum towards carrier imbalance in meeting the LTE NS_03 SEM. If the further study were to indicate that there are some cases where the imbalance in carrier power causes the spectrum to fail the LTE NS_03 SEM, we could consider introducing an A-MPR for Bands 2, 4, 5 and 10 if the carrier power imbalance is greater than a threshold.
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Figure 18: Due to imbalance, DC-HSUPA#5 barely satisfies the LTE NS_03 10MHz SEM
6
Conclusions
In this contribution, we have analyzed 5 different DC-HSUPA waveforms for the purpose of Spectrum Emission Mask determination for DC-HSUPA assuming a maximum UE transmit power of +23dBm. The preliminary analysis suggests the following:
· The WCDMA 5 MHz and LTE 5 MHz is not an appropriate mask for DC-HSUPA.
· All the DC-HSUPA waveforms studied in this analysis satisfy the LTE General 10 MHz SEM, except DC-HSUPA#4 which fails the LTE General 10MHz at 15MHz to the left of the centre of the assigned carriers.
· One of the waveforms (DC-HSUPA#5) corresponding to a large carrier power imbalance case (~20dB) barely satisfied the LTE NS_03 10 MHz SEM. Further investigation is needed to study the sensitivity of satisfying the mask to large carrier power imbalance.
· This suggests that we could introduce an additional MPR for Bands 2, 4, 5 and 10 if the power imbalance between the two carriers is above a threshold.

Based on this analysis, we propose the following:

Proposal 1: The LTE General and NS_03 masks for 10MHz occupied bandwidth are modified slightly by symmetrically extending the 2nd breakpoint of both the LTE General 10MHz SEM and LTE NS_03 SEM in a horizontal direction by 2.5MHz from 15MHz to 17.5MHz and from -15MHz to -17.5MHz. The modified LTE General mask then serves as the General SEM requirement for DC-HSUPA waveform.

Proposal 2: The LTE NS_03 (10 MHz) SEM are applied as additional spurious requirements to Bands 2, 4, 5 and 10 when DC-HSUPA is configured in those bands. Furthermore, without the need for signaling, an A-MPR [amount TBD] may be applied if the power imbalance between the two carriers is greater than a threshold. This is FFS.
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