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1 Introduction

In the RAN4 ad hoc #1 meeting in Sophia Antipolis the operators agreed on higher priority scenarios for LTE-Advanced in Rel-10, [1]. Most operators favoured the inter-band non-continuous carrier aggregation as continuous spectrum >30 MHz is hardly available for one operator in one band, [2]. For the inter-band scenarios we can note [1]:

· Maximum 2 bands are aggregated
· Up to max 2 ( 2 ( 20 MHz in total bandwidth with transmission bandwidths as defined for LTE operation in Rel-8/Rel-9
· Currently eight higher priority scenarios are identified covering region 1 to region 3. One of the scenario is TDD based.
This input studies the eight prioritised inter-band scenarios with respect to the time plan on carrier aggregation in reference [6]. We also study in this input the possibility for a generic approach, [3], in order to minimise the workload for the inter-band scenarios.
1.1 Minimum and maximum supported transmission bandwidths.
The transmission bandwidths per band as defined for LTE Rel-8/ Rel-9 should be supported with:
· The maximum channel BW as defined in Rel-8/Rel-9 spec for the respective band.
1.2 UE complexity
The band information of the eight inter-band scenarios is given in Figure 1 and Table 1 in the appendix. For the UE Tx/Rx receiver implementation the dual-band frequency separation is of importance. We note:

· The smallest frequency separation is for Region 2 Scenario A with 137 MHz. Even for this BW it is questionable if this could be implemented with a single Tx or Rx RF stage.
Asymmetric use of dual-band LTE-Advanced operation should be considered similar to dual-cell HSPA in order to reduce UE complexity, [7]. The initial minimum UE categories for inter-band should include:

· Maximum total DL/UL BW: 40 / 20 MHz with number of simultaneous DL / UL bands: 2 / 1, [7]. Extra signalling to support this may be needed (RAN2 task).

· Maximum total DL/UL BW: 40 / 40 MHz with number of simultaneous DL / UL bands: 2 / 2

1.3 Coverage scenarios
For LTE-Advanced coverage and mobility scenarios (RRM) as described in reference [4] the band separation factor f1/f2 (with f1 > f2) is mainly of importance. From Figure 1/Table 1 we can identify two main groups for the band separation factor:
a) f1/f2 = 1.1 to 1.4 (small band separation)
b) f1/f2 = 2.2 to 3.1 (large band separation)
It should be noted that for every doubling of the frequency there is about a 6 dB increase in attenuation for free space. However, this does not consider
· Larger building penetration loss for higher frequencies. 
· Less UE antenna gain for lower frequencies (form factor). Realistic antenna gains for the low/high frequency bands should be used for the coverage scenarios.
· BS antenna gain if using the same antenna for both bands (in this case there is less antenna gain for the lower frequency)

Considering this the coverage difference for f1 and f2 with f1/f2 > 2 may be less than anticipated. For coverage and RRM simulation two generic inter-band scenarios could be considered e.g. using:
a) 1 GHz and 1.2 GHz

b) 1 GHz and 2.5 GHz
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	Figure 1
	Inter-band scenarios for Rel-10 with high priority as identified in reference [1] by the operators


1.4 Inter-modulation products
Depending on the TRx architecture and component linearity inter-modulation products between the two combined bands have to be studied. Inter-modulation products may influence:

· Reference sensitivity level

· Out-of-band and spurious emission

There will be also a additional loss if combining the two bands in the RF/IF domain.

In reference [5] and [8] inter-modulation analysis for various LTE-A scenarios were presented. This analysis should be extended to the Rel-10 inter-band scenarios in reference [1] in order to identify at an early stage for which of the band combinations inter-modulation products can cause problems.
1.5 BS class and deployment scenarios
Wide area BSs should be specified at first for LTE-A. Rel-10 inter-band scenarios. The prioritized deployment scenario should be for:
· Urban and suburban areas 

1.6 LTE co-existence studies
No new co-existence studies are needed if the LTE Rel-8/Rel-9 RF and performance values can be reused for the LTE-Advanced inter-band scenarios.
1.7 Summary
In order to minimise the workload for LTE-Advanced inter-band work in Rel-10, we suggest to consider the following points:

1) The LTE-Advanced RF and performance values should as far as possible follow the Rel-8/Rel-9 LTE RF and performance values in order to minimise workload. In a “building block” manner as suggested in [9].
2) At first, inter-modulation products between the two bands should be studied for the identified inter-band scenarios as this may influence the RF and performance values.

3) Maximum transmission bandwidth up to 20 MHz should be supported for each band in the DL and UL. Following Rel-8/Rel-9 specifications for the relevant bands.

4) Asymmetric and symmetric DL/UL use of dual-band LTE-Advanced operation should be considered for the UE categories

5) For coverage and RRM aspects/simulations two generic bands could be used which have small and large band separation factors
6) Wide area BS specifications for urban and suburban deployment areas should be prioritised 
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3 Appendix
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Table 1   Grouping of the inter-band scenarios for Rel-10 with high priority as identified in reference by the operators [1]
