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1
Background

Up until now the Carrier Aggregation work has focussed primarily on Downlink CA.  At RAN#59 in Vienna, five new work items for Dual Uplink inter-band CA classes were approved [1]
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 \* MERGEFORMAT [5].  Dual Uplink CA creates some new challenges for RAN4 because the UE emission requirements need to be defined when both uplinks are active.  This document discusses some of the issues and proposes some potential solutions.
2
Discussion
With single uplink CA, the UE emission requirements don’t change from the non-CA UE emission requirements.  However, the introduction of dual uplink inter-band CA Work Item presents some new challenges.  
For Downlink Carrier Aggregation, since the basestations aren’t certified for out of unwanted emissions the way that UEs are, RAN 4 has chosen to not address the issue of out of band emissions for downlink CA.  Also, basestations can be customized for a particular country or deployment and they do not have the ability to roam to a different country.  So, the same basestion emission requirements that are used for single downlink mode are also used for downlink CA on a band by band basis.  

The situation is different for dual uplink CA.  UEs need to be certified for out of band emissions performance for dual uplink CA just as they are for single uplink operation.  Because of the need for device certification, the emission requirements for dual uplink CA must be agreed and clearly documented.  

Since each E-UTRA band has unique emission requirements for protecting frequency ranges including other 3GPP bands as seen in Table 6.6.3.2-1 of TS 36.101, it is not obvious what the emission requirements should be when a UE transmits on two bands simultaneously as they will in dual uplink CA.  Should the union of all of the emission requirements apply? The intersection of the emission requirements?  Or something else? 

Because of the need to clearly document the UE emission requirements that will be used for UE certification, RAN4 must decide what the UE emissions requirements are for each dual uplink CA pair, and document those requirements in TS 36.101.

2.1
Current list of Dual Uplink CA Band combinations

Class A1
Band 1 and Band 5

Band 3 and Band 20

Band 7 and Band 20

Band 1 and Band 19

Class A2
Band 3 and Band 8

Band 4 and Band 12
Band 4 and Band 17

Class A3 
Band 1 and Band 7

Band 3 and Band 7

Band 4 and Band 7

Band 5 and Band 12

Band 5 and Band 17

Class A4. 
Band 3 and Band 5

Class A5 
Band 1 and Band 21

2.2
Inter-band Dual Uplink CA with bands from the same region
Even for bands from the same region, the aggregated bands do not always protect the same frequency ranges and/or 3GPP bands to the same level. For instance, Band 1 and Band 3 each provide -50 dBm/MHz protection for all of TDD Band 38 (257-2620 MHz).  However, Band 7 provides +1.6 dBm/5 MHz protection of 2570-2575 MHz, -15.5 dBm/ 5 MHz protection of 2575-2595 MHz, and -40 dBm/MHz protection for 2595-2620 MHz.  
So RAN4 will need to decide if the level of protection that Band 7 provides to Band 38 is sufficient for Band 1 + Band 7 Dual Uplink CA, and/or Band 3 + Band 7 Dual Uplink CA and document the requirements in 36.101, either in Table 6.6.3.2A-1 or a similar table.   If the Band 7 emission levels are chosen and if dual uplink CA becomes popular, this could significantly increase the interference to the average Band 38 UE.  Instead of Band 38 terminals having to deal with aggressor terminals with either Band 1, Band 3 or Band 7 transmitting, the aggressors could all have band 1+ Band 7 or Band 1 + Band 7 dual uplink CA.  This could greatly increase the probability of interference to a Band 38 victim.  This should be studied carefully for all of the dual uplink combination.  
This is just an example of the out of band emissions requirements that will need to be agreed in RAN4 for Dual Uplink CA for intra region bands.  .   

2.3
Inter-band Dual Uplink CA with bands from different regions

The situation is even more complex for dual uplink Carrier aggregation for Bands from different regions.  For instance, Band 1, Band 3 are primarily deployed in Region 1 and Region 3, but are also deployed in Brazil.  Band 5 is primarily a Region 2 band, but it is also deployed in Brazil and, Australia, New Zealand, Korea and a few other countries.  Likewise, Band 7 primarily protects Region 1 Bands, but it is now being deployed or considered in many countries in Region 2.  So while the bands from the same region protect mostly the same other bands with some exceptions, the region 1/3 bands like Band 1, 3 and 7 protect a mostly completely different set of bands than Rregion 2 bands like Band 4 and Band 5 that they are being paired with in several cases.  This raises the question of how to handle the situation. There are several options which include:

1) No requirements since cross regions are not defined in TS 36.101

2) UE-UE coexistence requirements specified on a country by country basis

3) Only protect frequency ranges/bands that are protected by both bands

4) Protect all frequency ranges/bands that both of the bands protect

5) Choose a subset of protected frequency ranges/bands to protect based on spectrum allocations in the countries where the two bands are deployed 
These options will be discussed further here.

2.3.1
Option 1: No requirements since cross regions are not defined in TS 36.101

We do not think this is viable option.  RAN4 needs to specify the emissions requirements for dual uplink CA and Dual Uplink inter-band CA UEs will need to be certified.  

2.3.2
Option 2: UE-UE coexistence requirements specified on a country by country basis

While country by country coexistence requirements are possible but possibly not desirable for basestations, they are not at all practical for UEs.  It will significantly complicate the testing and design and use of handsets if there are different emission requirements for each country that they could operate in.  We do not think this is a viable option either.  

2.3.3
Option 3: Only protect frequency ranges/bands that are protected by both bands

RAN4 could choose to provide protection only for the bands/frequency ranges that are protected by both of the bands being aggregated.  However, the intersection of the protected bands/frequency ranges for these inter-region dual uplink CA combinations is significantly smaller than the bands/frequency ranges that either band protects on its own.  Such a loosening of requirements could provide significantly degraded performance to a wide variety of other bands.  
2.3.4
Option 4: Protect all frequency ranges/bands that both of the bands protect 

This option would significantly complicate the UE implementation by requiring protection of bands that may never be deployed in the same region as the dual uplink CA combination.  
For instance, there may be some conflicts in the ability to protect all of the frequency ranges/bands that are protected by both of the aggregated bands.  Band 1 protects all of the Band 20 downlink, but Band 5 does not, and since the low edge of band 5 is only 3 MHz above the upper edge of Band 20, it probably could not.  But, since Band 20 and Band 5 likely never be deployed in the same country, the requirement for Band 1 + Band 5 dual uplink CA is probably unnecessary.  

2.3.5 
Option 5: Choose a subset of protected frequency ranges/bands to protect based on spectrum allocations in the countries where the two bands are deployed
A fifth option for RAN 5 is to choose a subset of the frequency ranges/bands that are protected by each of the inter-region bands that are being aggregated based on the countries that the combination of bands could be deployed in.  The would avoid the problem of requiring Band 1+Band 5 or Band 3+Band 5 dual uplink CA devices from having to protect Band 20.  
However, there are other still other potentially conflicting requirements between the protection requirements even for bands that could be deployed within the same region.  For instance, Band 1 provides – 50 dBm/MHz of protection for all of the Band 27 downlink, while Band 5 does not.  So, like the case of Band 38 described above, a Band 27 UE would likely face worse interference if all of the aggressors were using band 1 + band 5 dual uplink CA than if half of the aggressors were using single uplink Band 1 and half were using single uplink Band 5.  
The situation could probably be improved if Band 1 were aggregated with Band 26 instead of Band 1.  

RAN4 would need to reach consensus on the details of the emission requirements for each Dual Uplink CA combination if Option 5 were chosen.  

Proposal

RAN4 needs to carefully address the emission requirements for all inter-band dual uplink CA configurations.  

For the case of inter-region bands, we believe that Option 5 above is the best approach for establishing the Dual Uplink Carrier Aggregation emission requirements.  However, RAN5 will need to carefully consider the deployment scenarios and determine acceptable relaxations where necessary.  
RAN4 should discuss this issue and decide how to proceed.  The approach should be documented in the Dual Uplink inter-band Carrier Aggregation Technical Report.  
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