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1 Introduction

The CR for the introduction of core requirements for non contiguous carrier aggregation has been approved in the last meeting and the RF related issues has been completed, see CR in 
[1,2,3]. RAN 4 can start addressing the performance requirements part.
This document starts the discussion on performance requirements.
Additionally in RAN4#65 RAN 4 discussed the appropriate receiver timing window for intra-band non-contiguous CA [4] and a corresponding draft LS in [5] was presented but not approved. No agreements were reached in RAN 4 66,  [6].
2 Overview of performance requirements 
CR [1] introduces the RF core requirements to support non contiguous carrier aggregation. The following configuration is specified.

Table 5.6A.1-3: Supported E-UTRA bandwidths for intra-band non-contiguous CA

	CA operating band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_25A-25A
	25
	
	
	Yes
	Yes
	
	


In rel-11 the only configuration which has been introduced in the specifications are shown in the figure below:


[image: image1]
Figure 1: Possible non contiguous carrier aggregation configurations according to Rel-11.
 TR 36.823, [7] mentions that in REL-11 time frame each sub-block is equal to one carrier. In future releases it can be that there are operator deployment scenarios where a single carrier is combined to intraband contiguous BW class C signal within a single band. CA configuration acronym for this kind of signal could be for-example CA_25A-25C. 
Proposal 1: In rel-11 it is proposed to define the performance requirements associated only with the configuration CA_25A-25A.

The core requirements have been defined by assuming that the UE is equipped with dual receiver (see [7] and Figure 2) chain but with shared LNA. This assumption does not preclude others or force certain UE implementations.  
The use of shared LNA has implications on the AGC loop which may need to be re-optimized to take into account the possible interference in the gap, possible power imbalance between the carriers, possible difference in fading profiles. Independently from the architecture implemented in the UE to support non contiguous CA, the UE still need to fulfill the RF core requirements, e.g. the selectivity requirements in the gap, as defined in 36.101. 
Following also the approach used in non contiguous CA for HSDPA it is proposed here not to mix performance requirements and RF issues and define performance requirements without the introduction of jammers in the gap. 
By considering this assumption the performance can be considered as independent from Wgap and depend only on the bandwidth of the sub-block carriers (single carrier for each sub-block in Rel-11) and the parameterizations associated to each sub-block.

Proposal 2: Define non contiguous CA performance requirements without the introduction of  a jammer in the gap.

[image: image2.emf]A/D

A/D

D/A

D/A

A/D

A/D

Main receiver

Rx

Tx

Duplex filter

DL UL DL

A/D

A/D

A/D

A/D

Diversity 

receiver

Rx

Rx filter

BAND A

PA

Signal 

Division

Signal 

Division


Figure 2. Reference receiver architecture.
The performance requirements which are defined so far for carrier aggregation are as follows (in Rel-10 and Rel-11)
· Regular UE demodulation performance test:

· FDD – all 2x10 and 2x20  (TM 1, 3, 4) 
· TDD – all 2x20 (TM 1, 3, 4)

· Soft buffer management test:

· FDD 2x20 (TM3)

· TDD 2x20 (TM3)

· Power imbalance test:
· Only for intra-band, 2x20.

· Sustained data rate test:
· FDD: 2x20

· TDD: 2x20

· CA periodic CQI test:
· FDD: 2x10, 2x20 
· TDD: 2x20

Under Rel-11 a discussion is on going on how to extend the carrier aggregation test coverage mainly for inter-band CA. 
It is recommended to reuse the set up of the tests defined in rel-10 for contiguous carrier aggregation (intra-band) or non contiguous inter band carrier aggregation as much as possible.
Since, according to the non contiguous configuration, the UE has to support up to 10MHz per sub-block, for the test purpose the UE can be configured with Case d (10+10). In this case the inter-band requirements already defined in rel-10 and rel-11 could applicable also for the non contiguous intra-band carrier aggregation scenario. 
This includes at least
· Regular UE demodulation performance test:  FDD – all 2x10 (TM 1, 3, 4)
· CA periodic CQI test: FDD 2x10.

· Discussions are on going for Soft buffer and SDR.
The power imbalance test with the purpose of testing image rejection UE capability is applicable to intra-band contiguous carrier aggregation where a shared mixer is considered. In this case, since RAN 4 has decided for a baseline architecture based on two receivers there is no need to apply the image rejection test. 

When carefully reviewing the definition of performance requirements for inter-band non contiguous carrier aggregation it can be noticed that for tests 1A and test 20 defined in Section 8.2.1.1 of 36.101, Note 2 is applicable. 
This note mentions that in case on inter-band CA (CL_A-A capability) the two component carriers have 30musec timing difference. The tests defined in section 8.2.1.1 are the only test where this timing error is defined.
This comes from the agreement mentioned in 36.300 Annex J that the “UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 s”.
This timing difference comes from possible non collocated deployments, where one transmission point transmits one sub-block and a different transmission point transmits the second sub-block. 
In case of non contiguous intra band carrier aggregation, if we consider simply the core requirement, the straightforward extension is that the UE shall be able to cope with a delay spread of up to 30.26 s among the component carriers.
While this timing error does not affect AGC behavior in the case of inter-band CA, it may affect the performance for non contiguous intra-band CA.  
At least for these tests RAN 4 has to analyze the impact of timing error on performance before concluding that the same requirement is applicable.

It may also need to be discussed further whether all the tests should be defined by considering a timing offset equal to 30musec  in the context of non contiguous intra-band CA.

As a starting point it is proposed to analyze test 1A  in Section 8.2.1.1 of 36.101 with and without timing error. 
Under non collocated deployment of non contiguous carrier aggregation, in addition to timing error, non negligible power imbalance can happen between the sub-blocks participating in the non contiguous carrier aggregation configurations. This power imbalance may stress even further the AGC algorithm and the use of shared LNA.  In case of inter-band carrier aggregation this effect was limited due to the use of two independent chains. However, in this case there is the need to discuss appropriate realistic power levels/power imbalances for the purpose of demodulation requirements.
It should be noticed that in Figure 2 an independent per sub-block gain adjustment is considered which can attenuate the effect of timing differences or power imbalances between the component carriers.

Proposal 3. The existing inter band non contiguous carrier aggregation tests could be applicable for intra band non contiguous carrier aggregation. However, RAN 4 has to analyze the impact of timing error equal to 30musec (or 30.26 or 31.3musec depending on the discussion on the receiver timing window capability of the UE) on performance before concluding that the same requirement is applicable. 
Proposal 4: As a starting point it is proposed to analyze test 1A  in Section 8.2.1.1 of 36.101 with and without timing error to verify the impact on the performance.

Proposal 5: It may also need to be discussed further whether all the tests should be defined by considering a timing offset equal to 30musec  in the context of non contiguous intra-band CA.
Proposal 6: It is proposed that RAN 4 starts discussing about the need of power imbalance between the sub-blocks in order to mimic realistic non collocated deployments as mentioned in TR 36.300 annex J.   
3 Conclusions
In this paper we have started the discussion on UE performance for intra-band non contiguous carrier aggregation. The following is proposed:
Proposal 1: In rel-11 it is proposed to define the performance requirements associated only with the configuration CA_25A-25A.

Proposal 2: Define non contiguous CA performance requirements without the introduction of  a jammer in the gap.

Proposal 3. The existing inter band non contiguous carrier aggregation tests could be applicable for intra band non contiguous carrier aggregation. However, RAN 4 has to analyze the impact of timing error equal to 30musec (or 30.26 or 31.3musec depending on the discussion on the receiver timing window capability of the UE) on performance before concluding that the same requirement is applicable. 
Proposal 4: As a starting point it is proposed to analyze test 1A  in Section 8.2.1.1 of 36.101 with and without timing error to verify the impact on the performance.

Proposal 5: It may also need to be discussed further whether all the tests should be defined by considering a timing offset equal to 30musec  in the context of non contiguous intra-band CA.

Proposal 6: It is proposed that RAN 4 starts discussing about the need of power imbalance between the sub-blocks in order to mimic realistic non collocated deployments as mentioned in TR 36.300 annex J.
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