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1. Introduction

According to carrier aggregation enhancements work plan [1] RAN4 should Initiate the work on generic framework for UE and BS core requirements for non-contiguous intra-band carrier aggregation in RAN WG4 based on the existing RAN WG1, RAN WG2, and RAN WG3 specifications in RAN4 meeting #60bis.

This contribution discusses whether the scope of the WI is for both DL and UL non–contiguous intra-band aggregation and what kind of reference architecture RAN4 should adopt for the requirement work. Also we discuss how the non-contiguous UL signal should be interpreted. Is non-contiguous UL a single transmission or multiple individual transmissions and lastly how the requirements should be defined? 
2. Discussion

2.1 DL only CA or DL/UL CA
The WI [2] objective states for non-contiguous intra-band CA following
· Define generic framework for UE and BS core requirements for non-contiguous intra-band carrier aggregation in RAN WG4 based on the existing RAN WG1, RAN WG2, and RAN WG3 specifications. 

Hence it does not specifically state whether the scope is to develop CA framework which covers both DL and UL. During the REL-10 initial CA WI in contiguous intra-band CA focused from the beginning to both UL and DL whereas inter-band CA started with single UL approach and inter-band UL CA will follow once the frame work for single UL is finalized.

In RAN meeting #53 a new WID [3] was approved titled Non-contiguous CA for Band 25 for LTE (Core). The objective of this WID states following
· Finalise the DL and UL with 5 MHz and 10 MHz transmission bandwidths per component carrier (up to 2CC) in the same WI, but with different timescales (see section 10). 

Hence the scope of this WI is to define specifications for both DL and UL non-contiguous intra-band CA which means that RAN 4 has to develop NC-intraband UL CA specifications for band 25. Thus it would be logical to assume that the NC-intraband CA framework is develop in the general CA WI as RAN4 has done previously for earlier CA WI.
Another issue is that when RAN4 starts the work for NC-intraband CA for which E-UTRA band it addresses the coming work. During the REL-10 time frame a generic band (Band 1) was selected for contiguous intraband CA. Obviously RAN4 has again two options either select a generic band or operator specific band. As a side note a generic band term might be a bit miss leading because nothing prevents for using the generic band as well as it is an existing band and the specification work has been done in detail. Given in mind the current workload situation in RAN4 it might be worth considering an operator specific band as this would be most efficient. Currently there is only one [3] operator specific NC-intraband CA approved which is for band 25. 

Proposal 1: NC-intraband CA work in CA enhancement WI includes both DL and UL

Proposal 2: Use Band 25 as an example FDD band for NC-intra-band CA studies in CA enhancements WI
2.2 UE reference Architectures
In order for RAN 4 to define meaning full requirements in efficient way UE reference architecture must be agreed. First we discuss the receiver architecture as it seems to be much more trivial task to agree then the transmitter architecture and then initiate the discussion on possible transmitter architectures.

2.2.1 Receiver architecture for NC-intraband CA reception

In NC-intraband operation UE must be able to receive two separate blocks of spectrum located arbitrarily within a frequency band. Same deployment scenario assumptions should apply as for single carrier operation meaning that the power difference between adjacent carriers can be up to 33 dB as specified in 36.101. To our understanding UE must use two separate receivers to be able to receive carriers properly in this kind of environment. If we assume two independent receivers we can assume most likely same performance for the DL reception as for single carrier operation which is of course attractive. 

Fortunately there is no need to duplicate whole UE receiver chain, based on our initial analyses it would be enough to split the received DL band into two after the duplex-filter as presented in very high level in Figure 1. The division of the signal cannot be done just by splitting the signal as this would degrade the noise figure of the receiver by 3 dB. Instead prior the division there should be amplification of the signal to reduce the effect of the division to noise figure despite of the amplification there will be some impact to the noise figure and this requires further study and feedback from chip vendors. The front end of the UE (meaning filters, switches and antenna) is basically identical to UE which can only receive single carrier.
Another option that one can easily imagine is to split the signal prior duplex-filter. This architecture is deemed to be inferior to previous one as the amplifier needed before splitting the signal would be receiving everything the reception antenna receives as there would be now filtering before the amplifier. These unfiltered signals would create unwanted IMD products in the amplifier and affect the reception.

Third option could be to double everything including the antenna but this would be very unattractive solution as it would have negative impact to cost, UE complexity and antenna performance.
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Figure 1 Receiver architecture
There have been some discussions in RAN4 for example in [4] to receive NC-4C-HSDPA signals with a single receiver. Background for this is a special deployment scenario where 2 or 3 HSDPA carrier to be received are located within 20 MHz of spectrum. If the 1-2 carriers which the UE is not supposed to receive and which are located between wanted carriers are not received with much high power level than the wanted signals then baseline UE which is able to receive 20 MHz LTE signal could possibly be used. This is not possible for LTE NC-intraband CA as there is not such a receiver which could receive two 20 MHz carrier such way that there can be something between them, the bandwidth is just too big. Hence it is seen better to assume that king of receiver architecture which can cope all possible carrier combination with in a single E-UTRA band.
Proposal 3: Use the receiver architecture presented in Figure 1 as a working assumption in CA enhancements WI

2.2.2  Transmitter architecture for NC-intraband CA reception

Selection of baseline transmitter architecture is much more challenging than the selection of receiver architecture. Reason for this is that none of the three architectures presented here is without some serious drawbacks. The fundamental reason behind the problems is that transmitting two discrete signals in UE will create severe IMD interference. Creating specifications for transmitters transmitting discrete signals is nothing new in RAN4 as we have the same phenomenon already in contiguous intraband CA when we transmit individual clusters and RAN4 has successfully done requirements for that. But there is how ever a big difference in this case as the transmissions can be separated with a distance almost as big as the whole operating band in worst case scenario (two 1 RB transmissions in either side of the band).
Transmitter architecture 1

First we take a look an architecture which has maybe most in common with traditional LTE baseline architecture. As can be seen in Figure 2 there is two separate transmitter chains which are combined at the PA input. The front end of the UE is basically identical to UE which can only transmit single carrier. 
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Figure 2 Transmitter Architecture 1
A short list of pros and cons

· Severe IMD products are created in PA

· Requires a lot of MPR to reduce the unwanted emissions

+    Easy implementation for UE vendor as front-end can be re-used
Transmitter architecture 2

Second transmitter architecture presented in Figure 3 aims for reducing the IMD products by using two separate PA’s to transmit the carriers. In this architecture there are two identical transceivers including antennas. The UL carriers are transmitted through different antennas. Difference to TX arc 1 is that second PA is required and the Rx filter used in TX arch 1 diversity reception must be replace by the duplex-filter. 

The isolation between PA outputs can be roughly estimated to be in the order of 15 – 20 dB depending on what band we are talking about. There would be a possibility to put isolators between PA and duplex-filter to further improve the IMD performance but these ads losses and make it harder to meet the maximum output power and ACLR requirements.
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Figure 3 Transmitter Architecture 2

A short list of pros and cons

+    IMD situation better than TX arc 1

· Both antennas must be equally good, which is very challenging

-    Not clear at the moment how the signals would interact when coupled between the TX branches

Transmitter architecture 3

Transmitter architecture 3 is a mix of architectures 1 and 2. It resembles arch 1 because UL carriers are transmitted through single antenna and it resemble arch 2 UL carriers are amplified in separate PAs. As it uses only one antenna for transmission it makes the antenna design simpler compared to situation that two antennas are used for transmission. And as it uses separate Pas the IMD performance is improved compared to single PA design.

Combiner isolation can be more easily manageable than the antenna isolation in TX arch 2, but antenna loading degrades the situation as the power reflecting back from antenna goes to both PA’s. Isolator helps on this but adds losses. When transmitting on CA mode half of the power is wasted to resistor in in typical combiner. This increases the current consumption significantly when UE is operating on high power levels. However it is noted that when we consider arc 1 it must most probably use so much MPR in practice that it is not clear which architecture consumes more current 1 or 3. Reason for arc1 being current hungry is that when UE uses big amount of MPR it typically needs to keep the PA bias at maximum even the Tx power if much lower.
A short list of pros and cons

+    IMD situation better than TX arc 1

· Both antennas must be equally good, which is very challenging

-    Not clear at the moment how the signals would interact when coupled between the TX branches
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Figure 4 TX architecture 3
A short list of pros and cons

+    IMD situation better than TX arc 1

+    Both antennas do not need to be equally good

-     Combiner wastes 3 dB of power in CA mode 

-    Not clear at the moment how the signals would interact when coupled between the TX branches

Observation: RAN 4 needs to decide baseline transmitter architecture for the requirement work
2.3 How the requirements are defined, is this single or multi carrier transmission
One fundamental issue RAN 4 should understand is that is NC-intraband CA UL signal a single transmission or multiple different transmissions. We have tried to seek an answer from ITU recommendations [5][6][7][8] without success. This is a fundamental question when we start to develop requirements. As an example how the spectrum emission mask requirements are defined and where the spurious emission domain starts. The problemacy of these questions becomes evident in one takes a look the Figure 5. Topmost in that figure is the normal single carrier transmission and how OOB/spurious domain boundary is defined and the next picture presents same issues for intraband contiguous CA signal. Then thirdly we have drawn a NC-intraband CA UL signal with two separate carriers and two method of defining the OOB/spurious domain boundary, methods A and B.

Method A considers that the NC-intraband CA UL signal consists of separate transmissions and the requirements are referenced band to the bandwidth of the individual carriers. If single carrier requirements are required to be met for each of the carrier we could of course be quite sure that the transmission does not interfere other users or system. One question that arises is how to define the requirements in the GAP for example does the SEM add up if they are overlapping and so on. One problem is that when carriers are placed further away each other also the IMD products spread wider but the OOB/spurious emission regions does not scale accordingly. Hence it will be extremely difficult to figure out the required MPR scheme.

Method B considers that the NC-intraband CA UL signal for a single transmission and the requirements are referenced band to the bandwidth which is the distance between individual carrier’s outermost edges. Nice thing in this approach is that OOB/spurious emission region scales with the distance between the transmitted carriers. This approach potentially creates more interference as OOB region requirements are not as stringent as spurious emission requirements and method B OOB region is always larger than method A OOB region. It is also not evident how to set the requirements in GAP in method B.
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Figure 5 How to define the OOB domain

Observation: RAN 4 needs to decide how to specify the OOB/spurious emission domain boundary. Method A versus B.

3. Conclusion

In this contribution we have discussed the issues relating to NC-intraband CA UE architectures and problematics relating to the non-contiguous nature of the signal in respects how to define RF requirements. We have proposed that CA enhancement WI will concentrate both UL and DL CA and that band 25 is selected as the FDD band for which the specification work is addressed to. We have also proposed reference UE receiver architecture. 
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