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1. Introduction
The SEM requirements found in the specifications for LCR TDD do not match the requirements for the ACLR as expected. This documents is intended for a new SEM proposal based on the errors found in the conversion process from HCR (or FDD ) SEM to LCR SEM within the specifications. 
2. Analysis on  LCR TDD SEM
The ACLR requirements are the same for both UTRA FDD and UTRA TDD, that is –33dB at the adjacent channel and –43dB at the alternate channel. These requirements are based on the power of the TX channel, which must be measured using a root raised cosine filter. In the case of LCR TDD. Using the same filter the power of the channels in the near vicinity of the UE carrier are measured and the levels must be below the –33dB and –43 dB of the transmitted power. In addition to this integrated power measurement the spectrum of the transmitted signal must also comply with a restricting mask, the spectrum emission mask. This mask is defined as shown in Table 2-1.

	Table 2-1 : Spectrum Emission Mask Requirement (1.28 Mcps TDD Option)
Δf* in MHz
	Minimum requirement
	Measurement bandwidth

	0.8
	-35 dBc
	30 kHz **

	0.8-1.8
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	30 kHz **

	1.8-2.4
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	30 kHz **

	2.4 – 4.0
	-49 dBc
	1MHz ***

	*
(f is the separation between the carrier frequency and the centre of the measuring filter.

	**
The first and last measurement position with a 30 kHz filter is at (f equals to 0.815 MHz and 2.385 MHz.

	***
The first and last measurement position with a 1 MHz filter is at (f equals to 2.9MHz and 3.5MHz .As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be different from the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

	The lower limit shall be –55dBm/1.28 MHz or the minimum requirement presented in this table which ever is the higher.
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Figure 1: SEM and ACLR according to TS25.102 for 1.28Mcps TDD. 

The mask is shown in Figure 1 along with the ACLR requirements. By inspecting the SEM at the alternate channel (2.4MHz – 4MHz with center on 3.2MHz) the requirements for the SEM are found much more strict than that of the ACLR in the alternate channel. This is assumed for now to be wrong and the explanation for this will follow.
An explanation of the SEM requirements can be found in [2] as shown in Table 2-2.

Table 2-2: SEM rationale from [2].

	Frequency offset
(f
	Minimum requirement (whichever is lower)
	Measurement bandwidth
	Comments for rationale
	Corresponding value in 30 kHz

	0.8 MHz
	(-14dBm)
-35 dBc
	30 kHz
	Based on FCC part 24:
-13 dBm/14.6kHz ;

And 1.28 Mcps TDD emission specification 1)
	-35 dBc

	0.8-1.8 MHz
	-35 – 14*((f-0.8) dBc
	30 kHz
	Dropping linearly from 0.8 to 1 MHz 2)
	

	1.8MHz
	(-28dBm)

-49dBc
	30kHz
	Based on FCC part 24:

-13dBm/1MHz
	-49 dBc

	1.8-2.4 MHz
	-49 – 25*((f-1.8)

dBc
	30kHz3)
	Based on  ACLR @1.6 MHz

-33 dBc/1.28 MHz for 21 dBm UE 4)
	

	2.4-4.0 MHz
	(-28dBm)

-49dBc
	1MHz
	Based on  ACLR @3.2 MHz

-43 dBc/1.28 MHz for 21 dBm UE
	-64 dBc


Accepting the first part of the SEM the slope is:
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                                              2-1
This section stops at 1MHz offset as the measurement BW should change to 1MHz according to FCC Part 24. But considering that the interval from 1.8MHz offset to the next channel at 2.4MHz offset is only 600kHz the measurement BW of 1 MHZ is proposed to be changed to 30kHz [2]. The next slope is therefore defined as:
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                                             2-2
This equation 1-2 is based on “tying” the slope to the last requirement of the SEM based on the ACLR requirements of –43dBc@3.2MHz, the method of which is also used to derive the UTRA FDD UE SEM  in [3] and HCR TDD UE SEM in[1] . However the BW difference  is neglected in the conversion process for LCR TDD. This is seen through:
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So in defining the SEM requirements for HCR the BW is considered since the SEM is specified in 1MHz measurement BW. Here is the important thing. This is not done in the LCR specifications. The –49dBc is adopted from the HCR requirements as seen from:
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This requirement should therefore have been:
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This is also seen from:
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Which considers the BW difference of the two modes. Changing the last SEM requirement the slope of E.Q.2-2 must also be changed as follow, 
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The last attenuation level of –59.2dBc is also related to the –44dBc as:
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The modified spectrum emission mask is shown in Figure 2.
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Figure 2: New SEM for LCR TDD.

Still the SEM requirements are more stringent than the ACLR requirements for UTRA TDD LCR. The SEM requirements can only be passed if all peaks of the spectrum are below the SEM. It is guarantied that the ACLR requirements at 3.2MHz offset are upheld if the SEM passes since the SEM makes certain that the integrated power within the 2.4MHz – 4MHz interval are below –43dBc. This will however also be the case for FDD.
Comparing the new SEM in figure 2 with the SEM of UTRA FDD in Figure 3, the requirements have more in common for both systems. 
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Figure 3: SEM according to TS25.101 
3. Conclusion
In this document, a proposal on a new LCR TDD UE spectrum emission mask is presented. Draft text proposals for CR’s to relevant specifications are included in appendix A. It is suggested that the new SEM proposal be approved in RAN4.
4．Reference
[1] 3GPP TS 25.102 User Equipment (UE) radio transmission and reception (TDD).
[2] 3GPP TR 25.945 RF requirements for 1.28 Mcps UTRA TDD option.
[3] 3GPP TS 25.101 User Equipment (UE) radio transmission and reception (FDD).
Appendix A

Changes to TS25.102 

6.6.2.1.2
1.28 Mcps TDD Option
The spectrum emission mask of the UE  applies to frequencies, which are between 0.8MHz and 4.0MHz from the UE centre carrier frequency. The out of channel emission is specified relative to the RRC filtered mean power of the UE carrier.

6.6.2.1.2.1
Minimum Requirement
The power of any UE emission shall not exceed the levels specified in table 6.5A

Table 6.5A: Spectrum Emission Mask Requirement (1.28 Mcps TDD Option)

	Δf* in MHz
	Minimum requirement
	Measurement bandwidth

	0.8
	-35 dBc
	30 kHz **

	0.8-1.8
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	30 kHz **

	1.8-2.4
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	30 kHz **

	2.4 – 4.0
	-44 dBc


	1MHz ***

	*
(f is the separation between the carrier frequency and the centre of the measuring filter.

	**
The first and last measurement position with a 30 kHz filter is at (f equals to 0.815 MHz and 2.385 MHz.

	***
The first and last measurement position with a 1 MHz filter is at (f equals to 2.9MHz and 3.5MHz .As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be different from the measurement bandwidth. When the resolution bandwidth is smaller than the measurement  bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

	The lower limit shall be –55dBm/1.28 MHz or the minimum requirement presented in this table which ever is the higher.


Changes to TS25.945

5.2.6.2.1
Spectrum emission mask

The spectrum emission mask of the UE  applies to frequencies, which are between 0.8 and 4.0MHz from a carrier frequency. The out of channel emission is specified relative to the UE output power in measured in a 1.28 MHz bandwidth.

5.2.6.2.1.1
Minimum Requirement

The power of any UE emission shall not exceed the levels specified in Table 5.5.
Table 5.5: Spectrum Emission Mask Requirement (1.28 Mcps chip rate option)

	Frequency offset from carrier Δf
	Minimum requirement
	Measurement bandwidth

	0.8 MHz
	-35 dBc
	30 kHz 

	0.8-1.8 MHz
	-35 – 14*((f-0.8) dBc
	30 kHz

	1.8-2.4 MHz
	-49 – 17*((f-1.8)dBc 


	30 kHz

	2.4 – 4.0MHz
	-44 dBc


	1MHz 


Notes:
The first and last measurement position with a 30 kHz filter is 0.815 MHz and 2.385 MHz


The first and last measurement position with a 1 MHz filter is 2.9MHz and 3.5MHz


The lower limit shall be –55dBm/1.28 MHz or which ever is the higher.
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Fig 5.5
Proposed spectrum emission mask measured in 30kHz bandwidth

5.2.6.2.1.2
Rationale

Based on the discussion, the mask in Table 5.6 is proposed for power class 5 (21 dBm), given in dBc compared with 21dBm/1.28MHz. The rationale for each specification point is outlined in the table together with the proposed mask and the corresponding mask values, measured in 30 kHz (the smallest measurement bandwidth used):

Table 5.6: Proposed spectrum emission mask values and rationale.

	Frequency offset
(f
	Minimum requirement (whichever is lower)
	Measurement bandwidth
	Comments for rationale
	Corresponding value in 30 kHz

	0.8 MHz
	(-14dBm)
-35 dBc
	30 kHz
	Based on FCC part 24:
-13 dBm/14.6kHz ;

And 3.84 Mcps TDD emission specification 1)
	-35 dBc

	0.8-1.8 MHz
	-35 – 14*((f-0.8) dBc
	30 kHz
	Dropping linearly from 0.8 to 1 MHz 2)
	

	1.8MHz
	(-28dBm)

-49dBc
	30kHz
	Based on FCC part 24:

-13dBm/1MHz
	-49dBc

	1.8-2.4 MHz
	-49 – 17*((f-1.8)

dBc


	30kHz3)
	Based on  ACLR @1.6 MHz

-33 dBc/1.28 MHz for 21 dBm UE 4)
	

	2.4-4.0 MHz
	-44 dBc


	1MHz
	Based on  ACLR @3.2 MHz

-43 dBc/1.28 MHz for 21 dBm UE
	-59.2 dBc
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