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1 Background
The following way forward for the nominal carrier spacing was adopted at RAN4 AH#3:
1. the channel spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz for all CA scenarios; 
2. studies for UE RF requirements until next meeting should be focused on 2 values for CC spacing:
a. minimum spacing;
b. close to Rel-8 spacing (rounded downwards to 300 kHz grid);
3. the aim is to specify ultimately UE RF requirements for one nominal channel spacing (not excluding other spacing in system deployment).
The selectivity for legacy Rel-8/9 UE(s) could be the decisive factor for configuring the carrier spacing as discussed in [1]. The impact on legacy devices must be considered from the start since the Rel-10 features are likely to be introduced gradually and possibly not in all geographical areas. The Rel-8/9 selectivity requirements apply only for the Rel-8/9 spacing. 

In this contribution we present measurement results of the selectivity for a 10 MHz wanted carrier and a 5 MHz adjacent interferer with either 7.5 MHz (Rel-8 spacing) or 6.9 MHz spacing (minimum). The minimum spacing has a significant effect on performance in terms of selectivity degradation, which may lead operators to choose a Rel-8 spacing. It is therefore recommended to specify the Rel-10 requirements with a Rel-8 spacing (but 300 kHz compatible) as nominal in order to guarantee robust operation for legacy devices. However, it is emphasized that this does not mean that a minimum spacing cannot be used, but there is a penalty.
2 Adjacent channel interference in a macro-cell scenario

Let us assume that an operator has sufficient spectrum holdings to aggregate two carriers or that two carriers are aggregated in a shared network scenario with two operators. Carrier aggregation is being deployed gradually. The first scenario to consider is a serving Rel-10 FDD or TDD cell on which a legacy UE is camping on the PCC (10MHz) in the neighbourhood of adjacent Rel-8/9 cells with two carriers as shown in Figure 1. The carriers are separated by either the minimum channel spacing (6.9 MHz) or the nominal channel spacing (7.5 MHz). The power levels in the figure represent those received by the victim legacy UE camping on the DL PCC. The adjacent cells are necessarily not co-sited, and may belong to different operators in a shared-network arrangement. The powers received from the different adjacent cells therefore exhibit a larger variation than the serving cells. 
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Figure 1: adjacent channel interference from a Rel-8/9 cell (shaded) into a legacy UE camping on the PCC (brown).

The adjacent channel interference between different Rel-8/9 cells may increase if they are frequency-aligned with the Rel-10 carriers. A legacy UE camping on the Rel-10 DL PCC may also experience a larger adjacent channel interference from the Rel-8/9 cells as these may be received at varying power levels (shaded box in Figures 1 and 2). This corresponds to a Rel-8 test case with stronger adjacent interferer that is closer to the wanted signal than in the Rel-8 ACS test cases (albeit on the SC raster). The interference may be harmful unless an IF handover can occur.

The UE selectivity requirements in TS 36.101 v8/9 assumes that an adjacent interferer (or narrow-band blocker) is not located on the 15 kHz sub-carrier raster so as to be non-orthogonal to the sub-carriers of the wanted signal, which is the worst case from an (ideal) FFT rejection standpoint. However, in practice, the selectivity will still be limited even if the adjacent carrier spacing is 300 kHz compatible. The adjacent channel selectivity and the narrow-band blocking requirements in TS36.101 are applicable for nominal Rel-8 spacing. 

We also consider the standard scenario shown Figure 2 where there is a serving cell Rel-10 and a UE camping on the PCC with an SCC activated. The carriers are separated by either nominal or minimum channel spacing. 
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Figure 2: adjacent channel interference from SCC carrier into a legacy UE camping on the PCC (brown).

Measurement results of the selectivity for this scenario will be discussed in below, but we start by discussing the difference in selectivity between Rel-8 and minimum spacing as evidenced in the Rel-8 ACS test case.

3 Measurements of UE selectivity
We measure the UE selectivity using two different methods: one is a standard ACS test of a commercial UE and the other is a full-stack test using a commercial eNode B and a Rel-8 UE. The two scenarios illustrated in Figures 1 and 2 are considered for the tests.

3.1 Standard UE ACS measurement in Band 1
We look at the difference in selectivity in the ACS test according to TS 36.101 with a 10 MHz wanted signal bandwidth and a 5 MHz interferer, separated a Rel-8 (7.5 MHz) and minimum offset (6.9 MHz). In the former case the Rel-8 UE(s) are tested at a 7.5+0.0075 MHz spacing so that the interferer is not at the sub-carrier raster of the wanted signal according the TC. 

A commercial UE has been used in the test carried out with set-up according to the conformance specification. The selectivity is tested at low and high received signal levels according to the ACS Case 1 and Case 2. The measurement channel is allocated in Band 1 with EARFCN 300 (mid channel) and with the uplink at 19 dBm. Note that that only one sample of a batch is measured. The wanted signal is kept while the interferer is swept, and vice versa, for both cases to show the impact of the absolute level. Table 1 and 2 show the result

Table 1: UE ACS test with varying wanted signal level

	
	Case 1

7.5 MHz
	Case 1

6.9 MHz
	Case 2

7.5 MHz
	Case 2

6.9 MHz

	Interferer [dBm]
	-51.5 
	-51.5 
	-25 
	-25 

	Wanted start (100% TP) [dBm]
	-84 
	-84
	-56.5
	-56.5

	Wanted stop (95% TP) [dBm]
	-97.5
	-85.8
	-70.7
	-59.4

	Delta [dB]
	13.5
	1.8
	14.2
	1.9


     Table 2: UE ACS with varying interferer level

	
	Case 1

7.5 MHz
	Case 1

6.9 MHz
	Case 2

7.5 MHz
	Case 2

6.9 MHz

	Wanted (100% TP) [dBm]
	-84 
	-84 
	-56.5 
	-56.5 

	Interferer start [dBm]
	-51.5
	-51.5
	-25
	-84

	Interferer stop (95% TP) [dBm]
	-43.5
	-49.5
	>-19
	-22.5

	Delta [dB]
	8.1
	2
	>6
	2


From Table 1 we see that the selectivity is degraded around 12 dB when the spacing is decreased from 7.5 MHz to 6.9 MHz, even if the particular DUT meets the minimum requirement. 

Table 2 shows that degradation is around 6 dB when the channel spacing changes from 7.5 to 6.9 MHz. The minimum requirements are still met but the results indicate significant performance degradation (unless inter-frequency handover to the stronger interferer can occur). Is this degradation big enough to choose the wider spacing? To make a further assessment we make a test with a real BS and measure throughput above Layer 3.
3.2 Measurements on full-stack UE in Band 7

Next we consider the difference in selectivity in the ACS test with a 10 MHz wanted signal bandwidth and a 5 MHz interferer at Rel-8 (7.5 MHz) and minimum offset (6.9 MHz) like in the ACS test but using a commercial eNodeB and UE. The measurement channel is in Band 7 with EARFCN 3150. Due to limitations in the test environment, the ACS Case 2 is not considered for the full-stack measurements.

The test results are shown in Table 2. The throughput is shown relative to a reference case in which the received wanted signal level is -80 dBm in the absence of any adjacent interferer. 

The first observation is that the throughput is reduced for the 6.9 MHz offset already when the adjacent cell (interferer) only carries DCCH without any DSCH configured (empty cell). This is not the case for the 7.5 MHz offset. 

In general, the reduction of throughput is larger for the 6.9 MHz offset as the interference level increases (DSCH sent on the adjacent channel) in relation to the -80 dBm wanted power level. The degradation is significant for relative power differences (I/C) larger than 20 dB, but clearly noticeable also at 10 dB for the 6.9 MHz offset.
However, already when both signals are at -80 dBm, corresponding to two component carriers configured to equal signal strength according to Figure 2, the results show that the tight 6.9 MHz spacing is associated with a throughput loss: a reduction to 93% of the reference value. We remark that this is not the case for the 7.5 MHz spacing.
Table 3: Full Stack ACS with varying interferer level
	
	Wanted [dBm]
	Interferer [dBm]
	TP relative to reference*

	7.5 MHz
	-80
	No DSCH
	100%

	6.9 MHz
	
	
	70%

	7.5 MHz
	-80
	-80
	100%

	6.9 MHz
	
	
	93%

	7.5 MHz
	-80
	-70
	100%

	6.9 MHz
	
	
	74%

	7.5 MHz
	-80
	-60
	100%

	6.9 MHz
	
	
	18.5%

	7.5 MHz
	-80
	-50
	50%

	6.9 MHz
	
	
	UE released

	* TP reference is TP with -80 dBm wanted signal and no interference


The UE is released for a 6.9 MHz offset when the power difference is 30 dB, whereas it is still receiving at 50% of the reference throughput for the 7.5 MHz offset. 

We have shown selectivity results for FDD, but the same effect would have been observed for two adjacent TDD component carriers at Rel-8 and minimum spacing, respectively.
4 Proposal
It is proposed not to restrict the channel spacing to the minimum only for CA since legacy UE(s) will suffer performance degradation. 

Maintaining the flexibility to configure the channel spacing up to the nominal for Rel-8, while still staying on the 300 kHz grid, would give operators assurance of a more robust network operation for legacy devices in terms of adjacent channel selectivity. The minimum spacing may still work, but no selectivity requirements in TS 36.101 v8/9 apply then.

It is therefore proposed to specify the Rel-10 radio requirements using a nominal Rel-8 spacing (300 kHz grid compatible), at least for operating bands specified in the Rel-8/9 time frame. This applies to both FDD and TDD.
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