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1. Introduction
Carrier aggregation requires the support of higher channel bandwidth at the UE. The transmitter performance requirements should be re-evaluated based on UE performance, network performance, regulatory requirements, complexity and cost. 
This contribution analyzes the impact of carrier aggregation on the following aspects:

· Channel bandwidth and carrier spacing

· OOBE

· MPR, AMPR
· Maximum, minimum, OFF power

· Power control

· Transmit signal quality 
2. Prioritization of scenarios
In order to meeting the ITU-R requirements in time, we believe it is important to prioritize the core requirement definition for carrier aggregation. In RAN#57, the following way forward was agreed [6].

With regards to FDD UL:

· Work on intra-band aggregation should be prioritised in RAN4 till March 2011.

With regards to TDD:

· Work on intra-band aggregation should be prioritised in RAN4 till March 2011, for both DL and UL.

Since the UL intra-band aggregation should be prioritized in RAN4 till March 2011, we propose to limit core TX requirement discussion to intra-band contiguous carrier aggregation. Inter-band carrier aggregation TX discussion should be deferred till intra-band core requirements are completed.
Proposal 1: Defer inter-band carrier aggregation TX discussion till the intra-band carrier aggregation core requirements are completed.

3. Channel bandwidth and channel arrangement

There are several options in terms of defining CA channel bandwidth and channel arrangement for contiguous carrier aggregation. In the case of CA_B with 2x20 MHz total bandwidth, four options have been identified [1]

•
Option A limits the guard band between the 2 carriers to nearly 0 except possibly to allow for a small number of guard carriers for alignment with the raster [-18MHz, 0] and [0, 18 MHz].

•
Option B where the total BW is broken into multiple partitions such that Rel 8 CCs with Rel 8 guard bands on either side are used [-19,-1] and [1,19]

•
Option C provide for Rel 8 guard bandwidth between the two CCs  that mitigates adjacent channel issues as well as provides a guard band at the edge [-18.5, -0.5] and [0.5, 18.5].

Note that in all three options the number of usable subcarriers is twice the number of subcarriers of a Rel-8 20 MHz carrier. For the same total channel bandwidth of 40 MHz, Option A provides the maximum amount of guard band for OOBE. However, Option A would cause increased interference between adjacent CCs in an asynchronous system. This additional interference could be severe for the edge RBs, which are allocated for critical UCI transmission on the uplink. Additional inter-cell interference-coordination (ICIC) mechanism may be required for HeNB deployments if Option A is adopted. Option B and C provides larger guard band between the CCs with smaller guard band on the edge of the channel. 

Option A would allow better spectral utilization if 1 MHz guard band is used on the channel edge, i.e., 38 MHz total bandwidth compared to 40 MHz total bandwidth in option B and C. In this case, a relaxed OOBE compared to 20 MHz Rel-8/9 UE should be adopted.

Proposal 2: Adopt Option A as the nominal channel arrangement for Rel-10 contiguous carrier aggregation. Additional ICIC mechanism for CA based scheme requires further study.
Proposal 3: If 1 MHz guard band is used for 2x20 MHz CA, OOBE relaxation with respect to Rel-8 should be considered. 
4. OOBE
As the channel bandwidth increases in carrier aggregation, the out-of-band emission naturally scales with the channel bandwidth. In this section, we discuss SEM, ACLR and Spurious emissions.

4.1. SEM

In RAN4 #52 Shenzhen meeting, the group agreed to adopt the proposal in [2] as the SEM for contiguous channel aggregation for bandwidth up to 100 MHz. The agreed SEM is shown in Table 1. Note that the agreement covers both band 1 and band 40, which are the prioritized Rel-10 CA scenarios. This proposal was also supported by [3] in RAN4 #57.
Table 1: Proposed General SEM 
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 [MHz]
	Emission Limit (dBm)
	Measurement Bandwidth

	
	20MHz
	30 MHz
	40 MHz
	100 MHz
	

	± 0-1
	-21
	-23
	-24
	-28
	30 kHz

	± 1-2.5
	-10
	-10
	-10
	-10
	1 MHz

	± 2.5-5
	-10
	-10
	-10
	-10
	1 MHz

	± 5-20
	-13
	-13
	-13
	-13
	1 MHz

	± 20-25
	-25
	-13
	-13
	-13
	1 MHz

	± 25-30
	-30
	-13
	-13
	-13
	1 MHz

	± 30-35
	-30
	-25
	-13
	-13
	1 MHz

	± 35-40
	-30
	-30
	-13
	-13
	1 MHz

	± 40-45
	-30
	-30
	-25
	-13
	1 MHz

	± 45-100
	-30
	-30
	-30
	-13
	1 MHz

	± 100-105
	-30
	-30
	-30
	-25
	1 MHz

	± 105
	-30
	-30
	-30
	-30
	1 MHz


An alternative proposal was made in RAN4 #57 which reuses most of the 20 MHz SEM [4]. One of the advantages of the alternative proposal is that the deployment of Rel-8 LTE system in the adjacent channels would be virtually identical to Rel-8 20 MHz. The main concern we have with this alternative is the required maximum power reduction.

A comparison of the proposals is shown in Table 2. Note the only difference between the 20 MHz SEM and the alternative proposal is between 25 to 45 MHz, which is -30 dBm and -25 dBm for 20 MHz and 40 MHz channel, respectively. This is quite different from the convention followed in Rel-8, which allows the same RF component to be reused as individual channel bandwidth increases. We expect large power backoffs are required to meet this stringent SEM. 

Table 2: General SEM Comparison
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 [MHz]
	Emission Limit [dBm]

for 20MHz LTE
	Emission Limit [dBm] (Earlier Agreement)

for 40MHz LTE-A
	Emission Limit [dBm] (Alternative)

for 40MHz LTE-A
	Measurement Bandwidth

	± 0-1
	-21
	-24
	-24
	30 kHz

	± 1-2.5
	-10
	-10
	-10
	1 MHz

	± 2.5-5
	-10
	-10
	-10
	1 MHz

	± 5-20
	-13
	-13
	-13
	1 MHz

	± 20-25
	-25
	-13
	-25
	1 MHz

	± 25-40
	-30
	-13
	-25
	1 MHz

	± 40-45
	-30
	-25
	-25
	1 MHz

	± 45
	-30
	-30
	-30
	1 MHz


In Figures 1 and 2, we show the out-of-band emission simulations from [5] in RAN4 #51, where the total channel bandwidth is assumed to be 40 MHz. In Figure 1, full band allocation was simulated with 0.92 MHz guard band on each side. Note that the artifact of LO leakage and IQ imbalance are not modeled in these simulations; hence the results are somewhat optimistic. It is observed that the emission from 20 to 40 MHz is significantly higher than the Rel-8 20 MHz mask. The alternative proposal which relax the requirements from 25 to 40 MHz by 5 dB is still 10 dB tighter than what the device could achieve. In Figure 2, a three cluster allocation was simulated with 8 RB clusters distributed in the two component carriers. It was shown that 0.8 dB MPR will slightly violate the 40 MHz SEM and spurious requirements. The alternative proposal on the other hand is about 7 dB tighter than what could be achieved.
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Figure 1: Full-band allocation with 0.92 MHz guard on each side, Tx PSD with SEM boundaries (black)
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Figure 2: 3x8 RB allocation with 0.92 MHz guard band, Tx PSD with SEM boundaries (black)
Proposal 4: Agreement on setting (fOOB to 35 MHz and 45 MHz for 2x15 and 2x20 carrier aggregation, respectively.

Proposal 5: Adopt the 40 MHz SEM agreed in RAN4 #52 as the working assumption. Further evaluate the alternative proposal in R4-101706 in the next RAN4 meeting. If the required MPR for the alternative proposal is considered acceptable by the working group, the alternative proposal could be used.
4.2. ACLR

Coexistence studies for LTE-A have been conducted thoroughly in the past few RAN4 meetings. The conclusion of the study is that ACLR level similar to Rel-8 is sufficient for LTE-A, LTE and UTRA coexistence. One of the open issues is the measurement bandwidth for ACLR, which depends on the decision of carrier aggregation channel arrangements. As proposed in [4], the same methodology for ACLR definition as Rel-8 LTE, where the E-UTRA measurement bandwidth is the same as the occupied channel bandwidth and the UTRA ACLR is defined according to the UTRA channel bandwidth.
Proposal 6: Adopt the ACLR proposal in R4-101706 for contiguous CA.
4.3. Spurious Emission and UE Co-existence

Spurious emission limits apply for the frequency ranges that are outside the OOB emission frequency. In the case of intra-band contiguous carrier aggregation, the RF architecture of Rel-8 UEs could be reused. CA enabled UE will have to support a larger channel bandwidth and separate PUSCH assignment on each component carrier. The inter-modulation between LO leakage, IQ imbalance, and UL transmissions over separate CC will significantly increase the spurious emission. Exceptions and required power reduction to satisfy existing spurious emission requirements should be evaluated thoroughly.
For the case of inter-band spurious emission, the exceptions for each band should be added. In addition, inter-mod between different bands should also be considered. Given that inter-band cases are lower priority, we propose to leave the inter-band spurious emission as FFS. 

Proposal 7: Adopt Rel-8 spurious emission as the working assumption for intra-band contiguous CA with updated (fOOB. Additional exceptions and corresponding maximum output power relaxation should be investigated. 
5. MPR and AMPR

MPR for Rel-8 LTE is affected by modulation order and UL allocations. In order to evaluate the MPR, working assumptions on OOBE and EVM requirements should be established. In addition, In LTE-A, the aggregated waveform from UE over single or multiple CCs could be non-contiguous, UL allocation assumptions should be defined for the evaluation of MPR. 
Given the time consideration of finishing ITU-R requirements, it is desirable to adopt a simplified approach for MPR definition instead of defining MPR for all possible UL allocation. In [7], a subset of assumptions to use for RF simulations has been agreed. In this contribution, we propose to establish the following assumptions for MPR and AMPR evaluation:

Proposal 8: Following UL assignments should be evaluated for MPR and AMPR evaluation in the case of intra-band contiguous CA:

1. Full bandwidth allocation with the minimum guard between component CCs to align with 300 KHz grid

2. Two clusters with size N at the edge of the aggregated bandwidth.

Case 1 should be used as the MPR for contiguous assignment greater than 100 RB on UL. Case 2 should be used as the MPR for non-contiguous assignments.

6. Maximum, Minimum, and OFF Power

In RAN4 #57, multiple proposals have been made for maximum, minimum and OFF power requirements. Most of the discussion is focused on the additional insertion loss of a diplexer for inter-band CA. Given the lower priority of UL inter-band scenario, we will focus on intra-band contiguous CA only.
In the case of intra-band contiguous CA, the same PA could be used for supporting multiple CCs. In this case, the per-CC max power and total max power should be the same in principle. For the ease of testing, it might be desirable to test the total transmit power from both carriers.
Proposal 9: For intra-band contiguous CA, the maximum power requirement should apply to the total transmitted power over all CCs.

The minimum transmit power requirement is the UE transmit power when the power control is set to the lowest power. In the case of contiguous CA, the transmit power requirements are similar to the case of DC-HSUPA. In [8], the minimum transmit power for DC-HSUPA is defined as per-carrier and identical the single carrier requirement after extensive studies. In this document, we propose to reuse the same approach as DC-HSUPA. 
An alternative proposal was made in [9], where it was proposed to reduce the per-carrier power by 10log(N) dB where N is the total number of CCs. The advantage of this proposal is that the total radiated power for minimum power level remains the same regardless of the number of CCs, hence, the total ambient interference remains the same. 

· Regarding this proposal, we question the need to control the total interference level in a Nx20 MHz system to be the same as a single 20 MHz system. Since the capacity of each component carrier is a function of the noise + interference over that particular carrier. The system capacity would remain the same if the minimum power requirement per CC remains unchanged. 
· From implementation perspective, the dynamic range per CC would increase by 10log(N) dB if the max power remain the same and the min power is reduced by 10log(N) dB.

Proposal 10: For intra-band contiguous CA, the minimum power requirement per CC should remain the same as Rel-8.

The discussion above also apply to the OFF power requirements. In our opinion this requirements is more critical than the minimum power requirements given that ON/OFF time mask requirements are quite stringent for Rel-8 already. The existence of the 2nd carrier would make the requirements even harder to meet. 
Proposal 11: For intra-band contiguous CA, the OFF power requirement per CC should be further relaxed or remain the same as Rel-8. Further studies are required.

7. Power Control Requirements

The power control requirements include absolute, relative and aggregated power control requirements. It has been agreed in RAN1 that power control is performed per CC with proper accounting of MRP cross multiple CCs. Further more, power scaling between different channel and CCs are also being discussed.

In this contribution, we only consider the intra-band contiguous CA case. In this case, the PA is shared among multiple CCs; hence, the transmitted power of each CC is impacted by the transmission over other CCs. The power control errors for this case could be impacted by gain stage switching due to total Tx power, allocation change in different carriers, and power control command over each carriers. The detailed analysis of UL power control for LTE-A could be found in [10].

Considering the little time left for defining such requirements for ITU-R and testing simplicity, we propose to reuse the approach adopted by DS-HSUPA [8], where the same transmit power is used in each CC. Same transmit power is ensure by applying the same power control command.
Proposal 12: For power control requirements, the total transmit power should be used with the same transmit power over each CC.

8. Transmit Signal Quality

Transmit signal quality requirements include frequency error, EVM, spectrum flatness, LO leakage and in-band emissions. In the case of intra-band contiguous CA, the Rel-8 RF architecture could be reused. 
In terms of frequency error, the issue of reference frequency has been discussed [11,12], where the DL CC might have frequency errors with respect to each other. In this case, the UE frequency error should be defined with respect to the averaged frequency from eNBs. In addition, Doppler will also cause frequency error with respect to different eNBs.
Proposal 13: Frequency error for intra-band contiguous CA should be defined with respect to the average component carrier frequency.

The performance impact due to carrier leakage could be different for Rel-8 and carrier aggregation. In the case of symmetric carrier aggregation, the LO is in the guard band of component carriers (19 subcarriers) instead of on the DC tone. In this case, the impact of LO leakage could be further evaluated.
Proposal 14: System performance impact due to LO leakage requirements for symmetric carrier aggregation should be further evaluated.

In Rel-8, the in-band emission is defined as the average across 12 sub-carrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. In the case of carrier aggregation, the UL transmission bandwidth is not well-defined due to the gap between CCs and potential non-contiguous transmissions cross each CC. In the case of separate allocations over two CCs, the in-band emission, EVM and EVM flatness requirements would require further studies. 
Proposal 15: Full band and partial-band UL allocations should be evaluated for in-band emission, EVM and spectrum flatness in the case of intra-band contiguous CA

The EVM and spectrum flatness requirements for intra-band carrier aggregation should be further evaluated based on the RF assumptions provided in [7].
9. Conclusions

In this contribution, we provided an overview of the UE Tx requirements for carrier aggregation. Based on the discussions provided in the documents, we propose the group to consider the following proposals:

Proposal 1: Defer inter-band carrier aggregation TX discussion till the intra-band carrier aggregation core requirements are completed.

Proposal 2: Adopt Option A as the nominal channel arrangement for Rel-10 contiguous carrier aggregation. Additional ICIC mechanism for CA based scheme requires further study.

Proposal 3: If 1 MHz guard band is used for 2x20 MHz CA, OOBE relaxation with respect to Rel-8 should be considered. 

Proposal 4: Agreement on setting (fOOB to 35 MHz and 45 MHz for 2x15 and 2x20 carrier aggregation, respectively.

Proposal 5: Adopt the 40 MHz SEM agreed in RAN4 #52 as the working assumption. Further evaluate the alternative proposal in R4-101706 in the next RAN4 meeting. If the required MPR for the alternative proposal is considered acceptable by the working group, the alternative proposal could be used.

Proposal 6: Adopt the ACLR proposal in R4-101706 for contiguous CA.

Proposal 7: Adopt Rel-8 spurious emission as the working assumption for intra-band contiguous CA with updated (fOOB. Additional exceptions and corresponding maximum output power relaxation should be investigated. 

Proposal 8: Following UL assignments should be evaluated for MPR and AMPR evaluation in the case of intra-band contiguous CA:

1. Full bandwidth allocation with the minimum guard between component CCs to align with 300 KHz grid

2. Two clusters with size N at the edge of the aggregated bandwidth.

Case 1 should be used as the MPR for contiguous assignment greater than 100 RB on UL. Case 2 should be used as the MPR for non-contiguous assignments.

Proposal 9: For intra-band contiguous CA, the maximum power requirement should apply to the total transmitted power over all CCs.

Proposal 10: For intra-band contiguous CA, the minimum power requirement per CC should remain the same as Rel-8.

Proposal 11: For intra-band contiguous CA, the OFF power requirement per CC should be further relaxed or remain the same as Rel-8. Further studies are required.

Proposal 12: For power control requirements, the total transmit power should be used with the same transmit power over each CC.

Proposal 13: Frequency error for intra-band contiguous CA should be defined with respect to the average component carrier frequency.

Proposal 14: System performance impact due to LO leakage requirements for symmetric carrier aggregation should be further evaluated.

Proposal 15: Full band and partial band UL assignments allocations should be evaluated for in-band emission, EVM and spectrum flatness  in the case of intra-band contiguous CA.
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