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1
Introduction
In the last RAN plenary meeting, several work items for aggregating three carriers in various bands were approved. Most of them aggregate a low band with a mid and/or high band.
This document describes the issues that need to be solved in the UE for implementing triple Carrier Aggregation devices according to the work items. There are work items for triple band CA with three separate bands and with only two separate bands using intra-band non-contiguous CA on one of these bands to aggregate three carriers. Since both are significantly different, only the three band three carrier CA aggregating bands 5, 17 or 29 as low band, band 2 or 4 as medium band and band 30 as high band is discussed here. The 3 CA combinations including intra-band NC CA are discussed in another paper. 
We show a reference architecture for a three band triple CA device and check for harmonics or intermodulation issues as well as the RX issues.

Since this work item is for single uplink carrier only, there is no need to study most of the TX specifications (ACLR, SEM, spurious emissions etc.) as they remain the same as in normal UL operation. Only the additional losses in the frontend need to be considered for the maximum output power.
2
Reference Architecture
To derive the RF parameters it is useful to use a reference architecture. Three bands Carrier Aggregation requires another RF architecture than it has been used until now for two carrier CA. A proposal for the reference architecture for the band (5-17-29) + (2-4) + 30 carrier aggregation combinations is shown below in figure 2-1.
[image: image1.emf]TX

3 Carrier 

Aggregation

TX

TRX

TX

PA

PA

PA

TX

PA

ADC

TX

TX

PA

PA

LO2

ADC

Band 5

Band 17

LO3

ADC

Band 2

Band 30

Band 4

Band 30

Low Band 

Antenna Switch

High Band 

Antenna Switch

Low Band /

High Band 

Diplexer

LO1

Band 29


Figure 2-1: Reference receiver architecture

The reference architecture uses two quadplexers for the high bands. Another way to implement this would be to use a single hexaplexer instead, but until now it is not usual to build hexaplexers and the performance will be degraded compared to the two quadplexers. While it will not be possible to replace the band 4 + band 30 quadplexer with a diplexer and two duplexers, because the frequency separation of the band 4 RX and band 30 is quite low, it may be feasible to replace the band 2 + band 30 quadplexer with a diplexer and two duplexers. However, due to the additional diplexer, such a combination will usually have approximately the same or even higher insertion loss as the quadplexer has, so this cannot be used just to reduce the losses.
As in the low bands there is no band combination simultaneously active, the usual low band antenna switch followed by the standard duplexers and filter can be used. However, since the band combination 4+17+30 includes the harmonic issue of band 17, there will be additional lowpass filters required to fulfil the existing band 4+17 specifications.
In some cases separate antennas are proposed for the CA carriers to circumvent quadplexers. Due to the additional space that more antennas require, it has not become common practice to use separate antennas as the space for antennas is very limited inside a mobile. Therefore it is proposed to use the above reference architecture.

For the three band CA combinations there will be three completely separated RX chains including oscillators and PLLs required to receive the three bands. Additionally there will be the oscillator for the TX. So in total on the transceiver side there will be four oscillators active at the same time, which will create a significant challenge due to the possibility of cross-talk. This will need to be checked in more detail in the future to verify that this can be implemented with the expected performance without spurious receptions and the right blocking performance.

3
Harmonics and Intermodulation

The harmonics of the TX of the aggregated bands are listed in the tables below.
Table 3-1: Harmonics of Band 5
	Harmonic
	fTX_Low
	fTX_High
	fHarmonic_Low
	fHarmonic_High

	2nd Harmonic
	824
	849
	1648
	1698

	3rd Harmonic
	824
	849
	2472
	2547

	4th Harmonic
	824
	849
	3296
	3396

	5th Harmonic
	824
	849
	4120
	4245

	6th Harmonic
	824
	849
	4120
	5094

	7th Harmonic
	824
	849
	5768
	5943


Table 3-2: Harmonics of Band 17
	Harmonic
	fTX_Low
	fTX_High
	fHarmonic_Low
	fHarmonic_High

	2nd Harmonic
	704
	716
	1408
	1432

	3rd Harmonic
	704
	716
	2112
	2148

	4th Harmonic
	704
	716
	2816
	2864

	5th Harmonic
	704
	716
	3520
	3580

	6th Harmonic
	704
	716
	4224
	4296

	7th Harmonic
	704
	716
	4928
	5012


Table 3-3: Harmonics of Band 2
	Harmonic
	fTX_Low
	fTX_High
	fHarmonic_Low
	fHarmonic_High

	2nd Harmonic
	1850
	1910
	3700
	3820

	3rd Harmonic
	1850
	1910
	5550
	5730

	4th Harmonic
	1850
	1910
	7400
	7640

	5th Harmonic
	1850
	1910
	9250
	9550


Table 3-4: Harmonics of Band 4
	Harmonic
	fTX_Low
	fTX_High
	fHarmonic_Low
	fHarmonic_High

	2nd Harmonic
	1710
	1755
	3420
	3510

	3rd Harmonic
	1710
	1755
	5130
	5265

	4th Harmonic
	1710
	1755
	6840
	7020

	5th Harmonic
	1710
	1755
	8550
	8775


Table 3-5: Harmonics of Band 30
	Harmonic
	fTX_Low
	fTX_High
	fHarmonic_Low
	fHarmonic_High

	2nd Harmonic
	2305
	2315
	4610
	4630

	3rd Harmonic
	2305
	2315
	6915
	6945

	4th Harmonic
	2305
	2315
	9220
	9260

	5th Harmonic
	2305
	2315
	11525
	11575


As can be seen there are the following harmonics issues:
· The 3rd and 7th harmonic of band 5 fall into the WLAN bands

· The 3rd harmonic of band 17 falls into the RX band of band 4
· The 5th harmonic of band 17 falls into the RX band of bands 22 and 42

· The 2nd harmonic of band 2 falls into band 43

· The 3rd harmonic of band 2 falls into the 5GHz WLAN band

· The 2nd harmonic of band 4 falls into band 42

· The 3rd harmonic of band 4 falls into the 5GHz WLAN band

Looking at all these issues we see that all of them are already well known. Either there is interference with WLAN creating an in-device coexistence issue or there is interference with other bands not used for one of these CA band combinations with the only exception of the third harmonic of band 17, which is well known to interfere with band 4 RX. This has been discussed widely for the band 4+17 CA work item and the results are already in TS 36.101. Therefore it has to be taken care of to re-use this work for the 3CA work items.
For CA specific intermodulation products more than one aggregated carrier is required. All 3CA work items are using a single uplink carrier, therefore there cannot be intermodulation between carriers. Since no CA specific intermodulation can occur, there is no reason to change any TX specification except to take into account the additional losses in the RF frontend. The modifications already done for 2CA inter-band CA can be re-used.
4
Transmitter Specifications

As there is only one uplink, it is anticipated, that just like the other two carrier CA combinations the three carrier band combinations just need to be added into table 6.2.5A-3 specifying the TIB,C values. The values need to be specified in the usual way after studying the additional insertion losses for the RF frontend. There seems to be no need to modify other TX specifications.
5
Receiver Specifications

Most of the receiver specifications for three band CA can be done similar to the two band CA specifications.
5.1 Reference Sensitivity

As for most of the two carrier CA combinations for most of the three band combinations it seems sufficient to add the RIB,C values in table 7.3.1-1A.

For the band combination 4+17+30 there is a well-known harmonic issue, which has already been studied for the band 4+17 CA band combination. It is proposed here to re-use the same methodology used for band combination 4+17 described in 36.850 for the three carrier CA band combination 4+17+30. This means that the band combination 4+17+30 needs to be added to tables 7.3.1-1A, 7.3.1A-0a, 7.3.1A-0b and 7.3.1A-0c.
Band combinations 2+29+30 and 4+29+30 use the downlink only band 29. For this separate requirements in additional tables (7.3.1A-0d, 7.3.1A-0e, 7.3.1A-0f) apply, for which the new requirements need to be studied and the new three carrier CA combinations need to be added.
However, since there are up to four oscillators active at the same time in the device (1xTX + 3xRX), it needs to be checked, if cross-coupling between these oscillators generating spurious signals on the oscillators can degrade the reference sensitivity performance before finalizing the specification.
5.2 Maximum input level
There is a general band independent specification of the Maximum input level for inter-band CA in chapter 7.4.1A of 36.101[2] with -25 dBm on each carrier. This can be re-used for three carriers by modifying the sentence accordingly that it is also valid for three carriers instead of two.
5.3 Adjacent Channel Selectivity (ACS)
There is a general band independent specification of the Adjacent Channel Selectivity (ACS) for inter-band  two carrier CA in chapter 7.5.1A of 36.101[2]. This can be re-used for three carriers by modifying the sentence accordingly that it is also valid for three carriers instead of two.
5.4 Blocking characteristics
There is a general band independent specification of the various Blocking characteristics for inter-band CA in chapter 7.6.1.1A, 7.6.2.1A and 7.6.3.1A of 36.101[2]. Band 29 is also added there already independent of the CA band it is combined with. Also here the specification needs to be modified to include three carriers in the inter-band CA specification.
However, since there are up to four oscillators active at the same time in the device (1xTX + 3xRX), it needs to be checked, if cross-coupling between these oscillators generating spurious signals on the oscillators can degrade the blocking performance before finalizing the specification. If the study results in no expected degradation, no change to the specification is required.
5.5 Spurious response
There is a general band independent specification of the Spurious response for inter-band CA in chapter 7.7.1A of 36.101[2]. Again here the specification needs to be modified to include three carriers in the inter-band CA specification.
5.6 Intermodulation characteristics
There is a general band independent specification of the Intermodulation characteristics for inter-band CA in chapter 7.8.1A of 36.101[2]. Again here the specification needs to be modified to include three carriers in the inter-band CA specification.
6
Summary
This paper deals with the UE specific requirements for a device supporting carrier aggregation with three different carriers in three different bands with one UL. We have shown a reference architecture and what specifications points need to be revised.
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