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1 Introduction

In previous meeting document [1] was presented on the impact on the specification because of the introduction of non contiguous carrier aggregation.

In particular the following was proposed:
Proposal 1: UE performance requirements should be derived by considering the dual receiver assumption.

Proposal 2: Re-use the same performance requirements as currently specified for the corresponding category.

Proposal 3: Extend the DC-HSDPA and 4C-HSDPA performance requirements to cover also non contiguous carrier aggregation capable UE.

Proposal 4: Add a sentence in the general section 9.2 of 25.101 to cover the applicability of the performance requirements for non contiguous carrier aggregation as mentioned above.
The main concern raised by some companies was on proposal 1, i.e. it was mentioned that a single receiver architecture could require additional relaxations of the performance.

In the following we continue the same discussion.

2 Discussion
Several non contiguous carrier aggregation combinations have been defined in 25.101; those  are reported in the Annex. 
Depending on the gap length the UE could support this either with single receiver or with dual receivers.
In case of dual receivers it was already shown during the core requirements work that the LO leakage does not significantly impact the UE performance. In case of single receiver architecture other algorithms could be affected by the use of a single receiver.
For example the AGC algorithm may suffer from a single receiver architecture because the gain factor can be suboptimally chosen e.g. when there is a strong interferer in the gap. However, this can be largely avoided by taking into account the presence of gaps in the AGC algorithm. Hence this problem can be mitigated.  Furthermore, the ability to suppress strong interferers are covered in the core requirements in 25.101 via e.g. the blocking requirements, and the performance requirements are set up without presence of any strong interferer.
Additionally when a single receiver architecture is used a wider 20MHz analog selectivity filter has to be considered rather than the usual 5MHz filter. Wider filters have less selectivity, for example the ACS in LTE is relaxed by 6dB for 20MHz channels. However the ACS level has not been relaxed for 4C-HSDPA case compared to the single carrier case neither has the performance requirements.

Even if in this case we consider a relaxation of the selectivity in the adjacent band by 6dB this has minor impact on the SNR (because of the possible introduction of additional noise).

Additionally it should be noted that the core requirements have been defined by considering the dual receiver assumption; hence also performance requirements should be derived by applying the same assumption. This assumption has been highly recommended by operators and we think that common architecture should be used for both core and performance. 
From the above we suggest the following:

Proposal 1: UE performance requirements should be derived by considering the dual receiver assumption.

Additionally if Proposal 1 is accepted, no extra work in terms of performance is foreseen and the same legacy requirements can be reused.
Proposal 2: Re-use the same performance requirements as currently specified for the corresponding category.

TS 25.331 specifies the UE radio access capability extension to support non contiguous carrier aggregation; these are as well reported in the annex. 

The UE will report the support of one of the category 21-36 (to indicate the support of multicell operation) and in addition it will report optionally the support for non contiguous carrier aggregation with the parameters as mentioned in the annex, nc-Mc with M depending on its capability and GMHz gap depending on its capability.

The performance requirements are linked to the categories supported by the UE, i.e. the UE is required to pass the corresponding performance requirements depending on the category it declares.

According to the signaling as decided in 25.331, there are 2 cases which may be considered:

a. The UE could report for example the support for category 31 (4C-HSDPA with no MIMO), and support non contiguous carrier aggregation with a configuration such as nc-Mc, GMHz gap, with M=4, G being the gap length
· In that case the performance requirements associated with category 31 are applicable

b. The UE could report for example the support for category 31 (4C-HSDPA with no MIMO), but support only non contiguous carrier aggregation with a configuration such as nc-Mc, GMHz gap, with M<4, G being the gap length
· In that case the performance requirements associated with a lower category are applicable.
In case b) the UE will be required to pass the performance requirements for category 31 (4C). It can be assumed that from a baseband point of view the UE will be able to satisfy the corresponding performance requirements when data is sent only on a smaller number of carriers. In 25.101 it can be mentioned that in this case the corresponding performance requirements are defined according to lower categories as proposed in [1] and reported below. 
A different proposal would be to add a table in the spec which point to the correct requirements (correct H-set) depending on the number of supported carrier (parameter M).

Finally the proposals are as such:

Proposal 3: Extend the DC-HSDPA and 4C-HSDPA performance requirements to cover also non contiguous carrier aggregation capable UE.

Proposal 4: 
Alternative 1. 

Add sentences in the general section 9.2 of 25.101 as follows to make sure that behavior b) is covered by appropriate requirements as proposed in [1] and reported here. 
The minimum performance requirements for a particular UE supporting one of the HS-DSCH categories 21, 22, 23, 24, 25, 26, 27 and 28 and supporting the optional non-contiguous multi-cell operation on 2 cells are determined according to Table 9.1AE, Table 9.1AF and Table 9.1AG.
The minimum performance requirements for a particular UE supporting one of the HS-DSCH categories 29 and 30, and supporting the optional non-contiguous multi-cell operation on 3 cells are determined according to Table 9.1AH, Table 9.1AI and Table 9.1AJ.
The minimum performance requirements for a particular UE supporting one of the HS-DSCH categories 31 and 32, and supporting the optional non-contiguous multi-cell operation on 4 cells are determined according to Table 9.1AH, Table 9.1AI and Table 9.1AJ. 
The minimum performance requirements for a particular UE supporting one of the HS-DSCH categories 29, 30, 31 and 32 and supporting the optional non-contiguous multi-cell operation on 2 cells are determined according to categories 24 and 28 in Table 9.1AE, Table 9.1AF and Table 9.1AG.

The minimum performance requirements for a particular UE supporting one of the HS-DSCH categories 31 and 32, and supporting the optional non-contiguous multi-cell operation on 3 cells are determined according to categories 29 and 30 in Table 9.1AH, Table 9.1AI and Table 9.1AJ.
Alternative 2.
Introduce in Section 9.2 of 25.101 a table dedicated to non contiguous carrier aggregation where for the different categories supported by the UE the H-set used for the definition of the requirements depend on the value of M in the nc-Mc signaling, i.e. depending on the number of supported carriers under non contiguous carrier aggregation.
Proposal 5: the following sentence needs to be included in the general section 9.2 to account for different gap lengths.
For the requirements for UEs supporting HS-DSCH categories 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 or 32 and supporting non-contiguous multi-cell operation, the spacing of the carrier frequencies depends on the configuration as indicated in Table 5.0aE  and on the UE capability as indicated in the Information Element “Gap size”, [25.331].
3 Conclusions
In this contribution we have started the discussion on the impact of non contiguous carrier aggregation on performance requirements. The conclusions are as follows:

Proposal 1: UE performance requirements should be derived by considering the dual receiver assumption.

Proposal 2: Re-use the same performance requirements as currently specified for the corresponding category.

Proposal 3: Extend the DC-HSDPA and 4C-HSDPA performance requirements to cover also non contiguous carrier aggregation capable UE.

Proposal 4: 

Alternative 1. 

Add sentences in the general section 9.2 of 25.101 as follows to make sure that behavior b) is covered by appropriate requirements as proposed in [1].
Alternative 2.

Introduce a table in Section 9.2 of 25.101 dedicated to non contiguous carrier aggregation where for the different categories supported by the UE the H-set used for the definition of the requirements depend on the value of M in the nc-Mc signaling, i.e. depending on the number of supported carriers under non contiguous carrier aggregation.
Proposal 5: the following sentence needs to be included in the general section 9.2 to account for different gap lengths:
For the requirements for UEs supporting HS-DSCH categories 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 or 32 and supporting non-contiguous multi-cell operation, the spacing of the carrier frequencies depends on the configuration as indicated in Table 5.0aE  and on the UE capability as indicated in the Information Element “Gap size”, [25.331].
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Annex
Non contiguous carrier aggregation combinations introduced in 25.101:

g)
Single band NC-4C-HSDPA is designed to operate in the following configurations:

Table 5.0aE Single band NC-4C-HSDPA configurations

	Single band NC-4C-HSDPA Configuration
	Operating Band
	Number of DL carriers in one subblock
	Gap between subblocks [MHz]
	Number of DL carriers in the other subblock

	I-1-5-1
	I
	1
	5
	1

	I-2-5-1
	I
	2
	5
	1

	I-3-10-1
	I
	3
	10
	1

	IV-1-5-1
	IV
	1
	5
	1

	IV-2-10-1
	IV
	2
	10
	1

	IV-2-15-2
	IV
	2
	15
	2

	IV-2-20-1
	IV
	2
	20
	1

	IV-2-25-2
	IV
	2
	25
	2

	NOTE:
Single band NC-4C-HSDPA configuration is numbered as (X-M-Y-N) where X denotes the operating band, M denotes the number of DL carriers in one subblock, Y denotes the gap between subblocks in MHz and N denotes the number of DL carriers in the other subblock. M and N can be switched


UE radio access capability extension to support non contiguous carrier in 25.331

	>Non-contiguous multi-cell
	OP
	1 to <maxNonContiguousMultiCellCombinations>
	
	The presence of this IE indicates that the UE supports the non-contiguous multi-cell HSDPA operation on two, three or four cells.
	REL-10

	>>Aggregated cells
	MP
	
	Enumerated(nc-2c, nc-3c, nc-4c)
	This IE indicates the maximum number of cells supported in non-contiguous multi-cell operation.
"nc-2c" indicates that UE supports 2 cells.

"nc-3c" indicates that UE supports 2 and 3 cells.

"nc-4c" indicates that UE supports 2, 3, and 4 cells.
	REL-10

	>>Gap size
	MP
	
	Enumerated(fiveMHz, tenMHz, anyGapSize)
	This IE indicates the maximum gap size between the aggregated cells.
"fiveMHz" indicates that UE supports 5 MHz gap size.

"tenMHz" indicates that UE supports 10 MHz gap size and 5 MHz gap size.
"anyGapSize" indicates that UE supports any multiple of 5 MHz gap size.

5 spare values are required.
	REL-10

	>>Non-contiguous multi-cell Combination (2,2)
	CV-NC-4C
	
	Enumerated(TRUE)
	The presence of this IE indicates that the UE supports an equal number of contiguous cells on each side of the gap. The absence of this IE indicates that the carrier combination (2,2) is not supported.
	REL-10

	>>Non-contiguous multi-cell Combination (3,1) (1,3)
	CV-NC-4C
	
	Enumerated(TRUE)
	The presence of this IE indicates that UE supports a different number of contiguous cells on each side of the gap.
The absence of this IE indicates that neither the carrier combination (3,1) nor the carrier combination (1,3) are supported. 
	REL-10


