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1 Introduction
This contribution is a follow-up to [1] in which discussed the specification of 4DL/1UL inter-band CA with particular emphasis on the corresponding band combinations agreed at RAN#66:

· CA_2C-5A-30A; 

· CA_2C-12A-30A;

· CA_2C-29A-30A;

· CA_2A-4A-12A-30A;

· CA_2A-4A-29A-30A;

· CA_2A-5A-12A-30A; 

· CA_25A-41D.

The test configurations in [1] cover these band combinations. In this contribution we discuss a possible amendment to cover the remaining type of combination not yet covered: two contiguous carriers in one band and two non-contiguous carriers in another band.
We also propose tentative specification changes to 36.101 including the relaxationsTIB,c and RIB,c for the agreed combinations; a Draft CR is attached to this contribution. 
2 Test configurations for receiver requirements

2.1 General 

First we recall the test configurations as discussed in [1]. 

The current requirements for sensitivity, selectivity and blocking cover up to three component carriers; it is straightforward to extend these to four carriers. We recall that the requirements for reference sensitivity apply with the single UL active in each of the band of the combination, whereas the selectivity and blocking requirements apply with the uplink in the band(s) not containing the carriers under test (measured). For the agreed 4DL combinations, the configurations of which are shown in Figure 1, the reference sensitivity for all carriers apply with the uplink active in each of the bands; for the band supporting contiguous aggregation an SCC is always closest to the duplex gap (FUL3 in the lower part). The selectivity and blocking requirements for e.g. Band A, on the other hand, apply when the uplink is active at either FUL2 or FUL3 or FUL4 for the top case and at either FUL2 or FUL3 for the lower part.
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Figure 1: Inter-band carrier aggregation of four bands (upper part) and a band combination of four carriers in three bands including intra-band contiguous aggregation (lower part).
The number of contiguously aggregated carriers can be increased to three in the lower part of Figure 1, but then the number of bands combined would be two (covers CA_25A-41D).

Combinations including non-contiguous aggregation (Figure  2) is extended just as easily, the uplink should then be located closest to the duplex gap when active in the band supporting two carriers.
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Figure 2: a band combination of four carriers including intra-band non-contiguous aggregation.
The exsting requirement also easily extend to 4DL combinations of either intra-band contiguous or non-contiguous aggregation of two carriers in two different bands. 
Next we propose modifications to the exising test configurations for verifying receiver requirements to cover the 4DL CA configurations: 

· CA_XA-YA-ZA-OA, CA_XC-YA-ZA, CA_XA-YD (the inter-band combinations agreed thus far)
and the following that can be verified using the same principles:
· CA_XC-YC and CA_XA-XA-YA-YA.

There are still a remaining 4DL combinations: CA_XA-XA-YC, i.e. a combination of intra-band contiguous and non-contiguous aggergation in different bands. 
2.2 One remaining CA configuration
The test configuration for the remaining CA_XA-XA-YC can be specified by amending the configuration for the combination of intra-band non-contiguous and inter-band CA. The ACS requirement is given as an example, starting with the configurations discussed in [1]:
7.5.1A
Minimum requirements for CA

< the case of one carrier per band (CA_XA-YA-ZA-OA) is covered by the existing text >
For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band, the adjacent channel requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.5.1 for each component carrier while all downlink carriers are active. For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the uplink active in the band(s) capable of UL operation. For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the adjacent channel requirements of subclause 7.5.1A do not apply.

For intra-band contiguous carrier aggregation the downlink SCC(s) shall be configured at nominal channel spacing to the PCC. For FDD, the PCC shall be configured closest to the uplink band. All downlink carriers shall be active throughout the test. The uplink output power shall be set as specified in Table 7.5.1A-2 and Table 7.5.1A-3 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. The UE shall fulfil the minimum requirement specified in Table 7.5.1A-1 for an adjacent channel interferer on either side of the aggregated downlink signal at a specified frequency offset and for an interferer power up to -25 dBm. The throughput of each carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.5.1A-2 and 7.5.1A-3.

For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink sub-blocks, each larger than or equal to 5 MHz, the adjacent channel selectivity requirements are defined with the uplink configuration in accordance with Table 7.3.1A-3. For this uplink configuration, the UE shall meet the requirements for each sub-block as specified in subclauses 7.5.1 and 7.5.1A for a single component carrier and intra-band contiguous component carriers per sub-block, respectively. The requirements apply for in-gap and out-of-gap interferers while all downlink carriers are active. The interferer power Pinterferer for Case 1 in Table 7.5.1-2 and Table 7.5.1A-2 shall be set to the maximum of the levels given by the carriers of the respective sub-blocks. For both Case 1 and Case 2 (Table 7.5.1-3 and Table 7.5.1A-3), the wanted signal power level for the carriers of each sub-block shall be set in accordance with the ACS requirement (Table 7.5.1-1 and Table 7.5.1A-1) relative to the interferer power Pinterferer.

< text omitted >
Table 7.5.1A-3: Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	-50.5 +10log10(NRB,c/ NRB agg)
	-47.5 +10log10(NRB,c/NRB agg)
	-43.9 +10log10(NRB,c/NRB agg)
	
	

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	5
	5
	5
	
	

	FInterferer (offset)


	MHz
	2.5+ Foffset
/

-2.5- Foffset
	2.5+ Foffset
/

-2.5- Foffset
	2.5+ Foffset
/

-2.5- Foffset
	
	

	NOTE 1:
The transmitter shall be set to 24dB below PCMAX_L,c or PCMAX_L as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1

NOTE 3:
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the adjacent channel interferer and shall be further adjusted to 
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< the following would cover combinations of intra-band contiguous and inter-band combinations with up to four carriers: CA_XC-YA, CA_XC-YA-ZA and CA_XC-YC >

For combinations of intra-band contiguous and inter-band carrier aggregation with up to four downlink carriers and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in each band other than that supporting the downlink(s) under test and a configuration in accordance with Table 7.3.1-2. The downlink PCC carrier center frequency shall be configured closer to the uplink operating band than the downlink SCC center frequency when the uplink is active in band(s) supporting contiguous aggregation of up to three component carriers. For these uplink configurations, the UE shall meet the adjacent channel selectivity requirements for intra-band contiguous carrier aggregation for the contiguously aggregated downlink carriers (up to three carriers per band) and for any remaining component carrier(s) in band(s) supporting one carrier per band the requirements specified in subclause 7.5.1. All downlink carriers shall be active throughout the tests.

< the following would cover combinations of intra-band non-contiguous and inter-band combinations with up to four carriers: CA_XA-XA-YA, CA_ XA-XA-YA-YA and CA_ XA-XA-YA-ZA >
For combinations of intra-band non-contiguous and inter-band carrier aggregation with up to four downlink carriers (up to two carriers per band) and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in each band other than that supporting the downlink(s) under test. The uplink configuration shall be in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two component carriers and in accordance with Table 7.3.1-2 when the uplink is active in the band(s) supporting one carrier per band. For these uplink configurations, the UE shall meet the adjacent channel selectivity requirements for intra-band non-contiguous carrier aggregation of two downlink carriers with RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) and for any remaining component carrier(s) the requirements specified in subclause 7.5.1. All downlink carriers shall be active throughout the tests.
The remaining configuration could be specified as follows (not included in the draft CR):
< the following would also cover CA_XA-XA-YA >
For combinations of intra-band non-contiguous and inter-band carrier aggregation with up to four downlink carriers (up to two carriers per band) and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in each band other than that supporting the downlink(s) under test. The uplink configuration shall be in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two non-contiguous component carriers, Table 7.3.1A-1 when the uplink is active in the band supporting two contiguous component carriers and Table 7.3.1-2 when the uplink is active in the band(s) supporting one carrier per band. For these uplink configurations, the UE shall meet the adjacent channel selectivity requirements for intra-band non-contiguous carrier aggregation of two downlink carriers with RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) for the two non-contiguous downlink carriers, the requirements for intra-band contiguous carrier aggregation for the contiguously aggregated downlink carriers and for any remaining component carrier(s) the requirements specified in subclause 7.5.1. All downlink carriers shall be active throughout the tests.
All possible configurations of four downlinks and one uplink are now covered. 
3 Transmitter and receiver relaxations
The specification of transmitter requirements TIB,c for 3DL/1UL has been debated at length, the main issue being the derivation of requirements for more complex band combination based on those of its fallback modes. Two of the agreed 4DL configurations, include a combination of three high bands; Band 2, Band 4 and Band 30. Fortunately, the derivation of theTIB,c (and RIB,c) for the fall back modes Band (2 + 30) and Band (4 + 30) were derived based on the insertion loss of a Band (2 + 4 + 30) hexplexer for it was assumed that Band (2 + 4) must be supported in addition, see [2] for the relevant combinations with Band 30. Hence the relaxations for Band (2 + 4 + 30) can be inferred from those for Band (2 + 30) and Band (4 + 30). An amendment would be needed for the CA_2A-5A-12A-30A combination for which the relaxations for Band 5 and Band 12 would smaller than those allowed for support of the fallback CA_5A-12A due to the averaging of requirements for all its 2DL fallback modes. Using the maximum value as given by the multiplexer for the Band (5 + 12) combination would be more reasonable from a technical standpoint. 
Following the way-forward for deriving transmitter and receiver relaxations [3] except for the combination including both Band 5 and Band 12, the resultingTIB,c and RIB,c for the agreed combinations can be found in the draft CR. For the CA_2A-5A-12A-30A combination we have tentatively used the maximum for the two low bands (values in square brackets).
4 Conclusion
In this contribution we discuss the necessary changes to the receiver test configurations that cover 4DL/1UL carrier aggregation. It turns out that the specification of the agreed inter-band combinations can be straightforward and be based on the existing way forward for deriving the transmitter and receiver relaxations for most band combinations. A draft CR is attached.
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