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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]

 REF _Ref353196191 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref353196193 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref353196195 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref353196197 \r \h 
 \* 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.  Five options for dual uplink interband CA for inter-region band combinations were discussed at RAN4#66bis [1].   The five options were:
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 

In R4-131762 NII recommended Option 5 is the best option based on the trade between UE complexity and protection for bands that are deployed in the same countries as the inter-region bands.  For intra-region bands, Option 3 and Option 5 are identical or nearly identical.  

This discussion paper provides some additional analysis in support of Option 5 for intra-region bands, and proposes the following:.  

1.       Need to protect all the bands that can be deployed where 2 UL CA can be deployed.  This is, trivial usually, but more work when cross region bands combined. 

2
Which are the protected bands for interregion band combinations
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.  Of the dual uplink CA bands, the following combinations could be considered inter-region, in that they protect a significantly different set of bands.
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

Example: Band 1 + Band 5 2 UL CA

Band 1 is a Region 1/3 Band, while Band 5 is a Region 2 band.  Band 1 and Band 5 are deployed in Brazil, Australia, Korea, as well as New Zealand, Costa Rica, Hong Kong and Israel, 

The primary countries with inter-region bands Band 1 and Band 5, Band 3 and Band 5 and/or Band 8 and Band 5 are Brazil, Australia and Korea.  

Brazil has:

Band 1

Band 3

Band 5

Band 8 (upper part)

Band 7

Band 38

Band 43

Future deployments:

Band 26 (possible)

Band 27

Band 28

According to Telstra, Australia has:

Band 1

Band 3

Band 5

Band 8 (upper part only: 890-915/935-960 MHz) - GSM

....and will also shortly bring into service:

Band 7

Band 27

Band 28
Korea has:

Band 1

Band 3 

Band 5

Band 8 (upper part)

Band 40 (WiMAX currently)

Future:

Band 7

Band 27

Band 28

If Option 3 were implemented, the protected bands would be Band 22, 26 (partially), 28, 31, 41, 42, and 43.  

If Option 5 were followed, Band 1 + Band 5 dual uplink CA should protect all of the Bands that are or will be deployed in Brazil, Australia and Korea:  Bands 1, 3, 5, 7, 8 (partially), 26, 27, 28, 38, 40 and 42.   

So Option 3 would unnecessarily protect four bands that will not be deployed in Brazil, Australia and Korea, but it will not protect eight bands that will be deployed in these countries.  Option 3 is inefficient because bands that do not need protection will be protected, but bands that should be protected will not be protected.  Option 5 is obviously a more efficient solution for protecting the bands that need to be protected.  

The analysis for Band 3+Band 5 2 UL CA and Band 8+Band 5 dual uplink CA is similar

Proposed Protected Bands

For this analysis, protection does not necessarily mean -50 dBm/MHz.  The protection should be what is provided by non-CA mode UEs if possible.  

Class A1

Band 1 and Band 5 should protection Bands 1, 3, 5, 7, 8, 26, 27, 28, 38, 40, 42 (Option 5 for inter-region Bands)
Band 3 and Band 20 should protect Bands 1, 3, 7, 8, 20, 22, 33, 34, 38, 42, 43 (Option 3)
Band 7 and Band 20 should protect Bands 1, 3, 7, 8, 20, 22, 33, 34, 38, 42, 43 (Same as Option 3)
Band 1 and Band 19 should protect Bands 1, 11, , 21, 34, 869-890, 1884.5-1915.7, 758-799, 799-803, 945-960, 1839.9-1879.9, 2545-2575 (Option 5 for inter-region bands)
Class A2

Band 3 and Band 8 should protect Bands 1, 3, 7, 8, 20, 22, 28, 31, 33, 34, 38, 40, 41, 42, 43 
Band 4 and Band 12 should protect Bands 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 30, 41, (Same as Option 3) 
Band 4 and Band 17 should protect Bands 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 30, 41, (Same as Option 3)
Class A3 

Band 1 and Band 7 should protect Bands 1, 3, 7, 8, 20, 22, 27, 28, 31, 34, 38, 40, 42, 43 
Band 3 and Band 7 should protect Bands 1, 3, 7, 8, 20, 22, 27, 28, 31, 33, 34, 38, 40, 42, 43 
Band 4 and Band 7 should protect Bands 2, 4, 5, 10, 12, 13, 14, 17, 22, 23, 24, 25, 26, 27, 28, 29, 30, 42, 43 
Band 5 and Band 12 should protect Bands 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 30, 41 (Same as Option 3)
Band 5 and Band 17 should protect Bands 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 30, 41 (Same as Option 3) 
Class A4. 

Band 3 and Band 5 should protect Bands 1, 3, 5, 7, 8, 26, 27, 28, 38, 42 
Class A5 

Band 1 and Band 21 should protect Bands 1, 11, 18, 19, 21, 28, 34, 1884.5-1915.7, 945-960, 1839.9-879.9, 2545-2575
Proposal 1: Option 5 is the WF to select the list of protected bands for inter region band combinations
2
What is the required protection level for UE to Ue co-ex

We propose that dual UL UE needs to protect UE’s in other bands the same level as single band UE’s are required to protect. As a precedence we note that intraband contiguous CA UE requirements are defined this way. This way introduction of dual ul CA feature do not cause increase in noise levels against other bands beyond what is now acceptable for single band UE’s or intraband contiguous CA UE’s.

Proposal 2: We propose that dual UL interband UE needs to protect UE’s in other bands in the same level as single band UE are required to.
3
Exceptions to IMD

Currently for single band UE’s are allowed to have an exception from Ue to Ue co-existance requirement (typically -50 dBm/1MHz) in case the violation of the limit comes from 2nd, 3rd, 4th or [5th] order harmonic spurious emissions, see Table 6.6.3.2-1 Note 2. For these harmonic spurious emissions the limit is set by the ITU general requirement capture in Table 6.6.3.1-2 which is -36 dBm/100kHz or -30 dBm/1MHz depending on operating frequency.  

For contiguous intraband CA the UE’s are allowed to have an exception from Ue to Ue co-existence requirement (typically -50 dBm/1MHz) in case the violation of the limit comes from 2nd, 3rd order harmonic spurious emissions, see Table 6.6.3.2A-1 Note 2.
Based on the studies in [7][8] we propose that dual uplink UE is allowed to have additional exceptions for Ue to Ue co-existence for the measurement results caused by 3rd and 5th order IMD from the two UL’s in different bands. This is important for UE vendors to be able to build such dual ul interband CA UE from commercially viable and available components.
Proposal 3: dual uplink UE is allowed to have additional exceptions for Ue to Ue co-existence for the measurement results caused by 3rd and [5th]  order IMD from the two UL’s in different bands.

4
Where to capture the dual ul interband CA UE to UE co-ex requirements

Single band Ue to UE co-existence requirements are capture into Table 6.6.3.2-1. Contiguous intraband uplink CA Ue to Ue co-existence requirements are captured into table 6.6.3.2A-1. We propose that dual uplink interband CA UE to UE co-existence requirements are captured in own table for the subclause 6.6.3.2A. This subclause already has the contiguous intraband CA co-ex requirements. Alternative option is to re-use Table 6.6.3.2A-1 but it seems that then this table would become too large especially if non-contiguous intraband co-ex requirements are appended there. 

Proposal 4: dual uplink interband CA UE to UE co-existence requirements are captured in own table for the subclause 6.6.3.2A

Proposal

In this contribution we have four proposals for approval for dual uplink interband CA UE to UE co-existence requirement setting.
Proposal 1: Option 5 is the WF to select the list of protected bands for inter region band combinations

Proposal 2: We propose that dual UL interband UE needs to protect UE’s in other bands in the same level as single band UE’s are required to.
Proposal 3: dual uplink UE is allowed to have additional exceptions for Ue to Ue co-existence for the measurement results caused by 3rd and [5th] order IMD from the two UL’s in different bands.
Proposal 4: dual uplink interband CA UE to UE co-existence requirements are captured in own table for the subclause 6.6.3.2A
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