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1 Introduction
In this paper we briefly consider RF issues that need special attention for the specification of the inter-band combinations
· Band 13 + Band 4, Band 17 + Band 4 and Band 3 + Band 7.

There are many similarities with the DB-DC-HSDPA work. However, the addition of two active uplinks (both PCC and SCC) will add significant complexity to the specification work and merits careful consideration. The work items for the above combinations are all two-stage processes with consideration of
· one active UL in the first phase completed in September 2011

· two active uplinks completed in December 2011.

The discussions for HSDPA have been focused on insertion loss for different transceiver architectures. Figure 1 shows a front-end architecture with a multi-band switch at the antenna and dedicated duplexers for each band; some of the latter may be combined with diplexers or using quadplexers (or more complex). 
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Figure 1:  Front-end architecture with a multi-band switch and dedicated duplexers, some combined with a diplexer.
Figure 2 shows a diplexer solution separating and combining low- and high-frequency bands with two smaller switches between bands in either the low or high range. The latter switch has smaller insertion loss than the more complex multi-band switch in Figure 2. The latter architecture implicitly supports inter-band CA if the frequency separation is large enough.

[image: image2.emf]Diplexer

Simple band 

selection switch 

covering all low 

freq. Bands

Simple band 

selection switch 

covering all high 

freq. Bands


Figure 2: Front-end architecture with a diplexer separating and combining low- and high-frequency bands.
The insertion losses of the front-end for the bands combined are dependent on the possible architectures and hence on which other operating bands are supported by the UE.
2 Other band use for inter-band combinations
We start by looking at the other operating bands that are likely to be supported in a UE capable of a particular band combination in order to assess the options for front-end design. It is noted that the bands listed are only examples of possible implementations. The set of operating bands supported by a front-end design may influence the performance of a particular inter-band combination from this set of bands.
2.1 Band 3 + 7
A UE supporting the combination Band 3 + Band 7 is likely support other bands applicable for Region 1 such as
· Band 20

· Band 8

· Band 3

· Band 1

· Band 7
and 
· Band 2 and Band 5 for roaming in Region 2. Band 1 allows roaming in Region 3.
The band 3 + 7 combination of two high-frequency bands needs a quadplexer solution or a dedicated diplexer for 3 + 7, which implies a higher front-end insertion loss. Band 1 + Band 8 for DB-DC-HSDPA may also be supported.
2.2 Band 13 + 4

A UE supporting the combination Band 13 + Band 4 is likely support other bands applicable for Region 2 such as

· Band 13
· Band 5

· Band 4

· Band 2

and 
· Band 1 and Band 8 for roaming
The architecture in Figure 2 would inherently support the Band 13 + Band 4 combination; the diplexer separating the low- and high-frequency bands.  Inclusion of a Band 2 + Band 4 combination in addition using a quadplexer for support of DB-DC_HSDPA may affect the insertion loss for Band 4 if the architecture in Figure 2 is assumed. 
2.3 Band 17 + 4

See the combination above, but replace Band 13 with Band 17.  This combination would also be supported by the architecture in Figure 2, which could in fact support any combination Band 12/Band 13/Band 17 + Band 4.

We observe that the combinations above are region-specific: there is no operating band that would allow global roaming on E-UTRA. The combinations are even operator-specific, and harmonised solutions are more difficult. The number of inter-band combinations supported by a particular architecture should also be considered when discussing the minimum performance requirements. If the frequency separations of all combinations are large, then there is less impact on e.g. insertion loss. 
Next we consider some RF issues that need consideration; some a similar to DB-DC-HSDPA like insertion loss, but more complex specification work will follow for two active uplinks. 
3 Single-carrier in the uplink
3.1 TX requirements

Insertion loss in both of the architectures, the addition of a diplexer will add depending on the closeness of the bands. For the Band 3+ Band 7 option it may not be possible to separate all likely bands with a diplexer (high-low), hence possibly fewer options for achieving a lower front-end insertion loss. The single-carrier output power requirements for Rel-8 operation may need a relaxation in one or both operating bands.  
Output power dynamics, ACLR and unwanted emission are specified as for Rel-8. 

3.2 RX requirement

3.2.1 Reference sensitivity

The reference sensitivity is tested with the sole uplink operating at full power and both CC configured in the downlink. The sensitivity performance in each operating band may be influenced by insertion loss, and the discussion will be similar to that of DB-DC-HSDPA. However, if no transmitter harmonics or intermodulation appears in the downlink-only band, then the performance of the latter may be improved due to absence of transmitter noise in the paired (transmitter) band. For Band 13 + Band 4 combination, the Band 13 performance will improve if the transmitter is active in Band 4 (configured as PCC), and the Band 7 performance for 20 MHz bandwidth will be improved if the uplink is active in Band 3.
For Band 17 + Band 4 combination the 3rd order harmonic will fall in the receive band of Band 4. This might imply that the Rel-8 requirements are challenging even in the absence of an active uplink in Band 4. In a diplexer solution the signal will be attenuated by both the TX duplexer and the diplexer but the transmitter signal must be attenuated of the order of 120 dBc not to create desensitization. 

Hence the REFSENS sensitivity for Band 4 may need a relaxation compared to Rel-8 performance when the Band 17 transmitter is active. 

We note that the test count may increase significantly, for we need to verify, taking reference sensitivity as an example,

· REFSENS on each operating band (fall-back to Rel-8/9): this would also be verified for a legacy terminal;

· REFSENS for inter-band with the transmitter in the active in the low- and high-frequency band, respectively.

To minimise the testing effort, the inter-band sensitivity could possibly be verified in a single test case with the PCC (transmitter) configured in one of the two operating bands.

3.2.2 ACS

For ACS, requirements should be verified at Case 1 (low wanted signal) and Case 2 with both downlinks active. The 3rd harmonics of the Band 17 transmitter may influence the result if the lower band contains the PCC. However, the output power of the Band 17 UL CC is 4 dB below maximum (around 23 dBm).

3.2.3 Blocking

The blocking requirements are verified with a wanted signal +6 dB relative to the reference sensitivity with the active transmitter 4 dB below maximum power (23 dBm), intermodulation falling into the downlink-only band should be low. The Rel-8 blocking requirements of a single carrier should apply for both downlinks.
4 Impact of dual-band transmission in the uplink
The second stage of the inter-band work items involves two simultaneous active uplinks, which has not been considered in the corresponding DB-DC-HSDPA work items. Next we take a first look at a few issues. 
4.1 Transmitter

4.1.1 Output power and unwanted emissions

The total output power of the UE should not exceed (23 + 2) dBm and the output power measured as 
· the sum of the power in each operating band with the PCC and SCC active. 
If used in the single-carrier mode then the maximum output power is the same per operating band. Increased insertion loss may necessitate a relaxed lower tolerance. 
Intermodulation between the transmitter chains will create spurious emission that will fall in other bands. The diplexer combined with the TX duplexer will suppress one of the inter-modulating signals, but necessitates a careful evaluation. We propose that

· the unwanted emission requirements are tested with the output power of both uplinks at maximum power.

This applies to the spectrum emission masks, ACLR and spurious emission requirements. There is no harmonic falling into the upper transmitter band for any the three combinations.

4.2 Receiver

4.2.1 Reference sensitivity

The reference sensitivity should be tested with both CC active, which involves two active uplinks at maximum power (the total less than 23+2 dBm) to represent actual live operation. This implies a power backoff per operating band and lower transmitter noise falling into each receive band, but for the Band 17 + Band 4 combination, one must consider the 3rd order harmonic falls into the Band 4 receive band as explained above. 
One additional test has to be added to those listed in Section 3.2.1.

4.2.2 ACS

For ACS, requirements verified at Case 1, the 3rd harmonics of the Band 17 transmitter may influence the result just as above. However, the output power of the Band 17 transmitter is lower in this case.

4.2.3 Blocking requirements
The blocking requirements are normally measured with a 4 dB backoff from the nominal power. If both CCs are active the in-band and out-of-band blocking requirements should be met for both operating bands. The 4 dB back-off should then apply to the total output power of the uplink, or per UL CC. 
The two active uplinks will create more exceptions for the out-of-band blocking requirements (even if each uplink is operating at lower output power as compared to Rel-8. 

5 Applicability of legacy requirement for inter-band capable UEs

To address the applicability of the inter-band carrier aggregation requirements in the specifications, an approach similar to dual-band or dial-carrier HSDPA can be taken. For the band combinations addressed here, the UE capability for which the requirements apply support

· one CC per operating band, i.e. CA Class A per band, e.g. CA_4A_13A

· support of one or two uplink CCs, i.e. either CA_13A, CA_4A and possibly extended with CA_4A_13A

The general applicability of requirements is described in Clause 4.3 in TS 36.101:
4.3
Applicability of minimum requirements (CA, UL-MIMO, eDL-MIMO, CPE)

The requirements which are specific to CA, UL-MA, DL_MA and CPE are specified as suffix A, B, C, D where; 

a)
Suffix A  additional requirements need to support CA

b)
Suffix B  additional requirements need to support eDL-MIMO

c)
Suffix C  additional requirements need to support UL-MIMO

d)
Suffix D  additional requirements need to support CPE

A terminal which supports the above features needs to meet both the general requirements and the additional requirement applicable to the additional sub-clause (suffix A, B, C and D). Where there is a difference in requirement between the general requirements and the additional sub-clause requirements (suffix A, B, C and D),  the tighter requirements are applicable unless stated otherwise in the additional sub-clause 

A terminal which support more than one feature (CA, UL-MIMO, eDL-MIMO and CPE) would need meet all of the separate corresponding requirements
Another route could be to state in the general section that a UE supporting e.g. inter-band carrier aggregation
1. must meet the minimum requirement and the additional minimum requirements for inter-band CA, the latter in a separate clause,
2. may be allowed a modified minimum requirement with one CC deactivated (Rel-8/9 operation) as stated in the clause containing the minimum requirement

Then it is not necessary to make an exception to the minimum requirement or a reference to this in the “additional sub-clause”. The approach taken is a matter of taste perhaps.
6 Concluding remarks

The addition of a second active uplink adds complexity to the specification work: some aspects may merit an investigation at an early stage with the December 2011 completion date in mind (for two uplinks).
The specification of the minimum requirements for a certain inter-band combination should also account for other operating bands that are likely to be supported by the same implementation. Several region-specific or even operator-specific combinations need consideration since harmonised solutions are more difficult.  There is no operating band that would allow global roaming on E-UTRA. 
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Multiband switch covering both high as well as low freq. Bands






Band specific duplexers
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Diplexer


Simple band selection switch covering all low freq. Bands





Simple band selection switch covering all high freq. Bands






