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1 Introduction
In previous RAN4 meetings the performance requirements for intra-band non-contigugous CA were discussed [1~5]. The issues for this topic focus on the following
· Receiver structure

· Deployment scenarios

· Timing offsets between CCs

· Power imbalance between CCs

In this contribution we further analysis the issues and propose our view as a way forward on how to define the performance requirement.
2 Discussion
The core requirements have been defined by assuming that the UE is equipped with dual receiver (see [7] and Figure 1) chain but with shared LNA. This assumption does not preclude others or force certain UE implementations.  
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Figure 1 Reference receiver architecture

It has been observed in [2]: In intra-band non-continuous reference receiver architecture, LNA is shared by different CC receivers. Therefore, LNA gain update needs to be done simultaneously for all CCs.If timing window is larger than a CP length, the LNA gain has to be updated in a middle of subframe for some CCs.
The assumption is, with two separated receivers with separated FFTs for each CC the gain change is adjusted separately by the AGC at the mixer or ABB which means the change will only influence the corresponding CC. And if we assume the LNA gain change is based on the timing of the PCC then we can take the PCC is not affected.  But the SCC would experience some distortion if the LNA gain is changed plus there is a significant timing difference (>CP) between the CCs.
However, there is only one single gain step in the LNA and the LNA gain change is following a rather big granularity eg. in the order of 15dB. This means in most cases the LNA is not changed even if the AGC is updated. For the deployment as collocated enodeBs for each CC experiencing similar path losses and channel propogations the power imbalance is limited so it’s expected with no performance degradation due to the timing difference between CCs as the gain will not change.  Therefore we propose we should separate the scenarios on collocated and non-collocated scenarios.
Proposal 1: Study the deployment scenario for intra-band non contiguous CA together with DL CoMP work item and define the test cases separately with geographically collocated enodeBs and non-collocated enodeBs.

For the collocated deployment with no power imbalance issue the current test cases and requirement defined for inter-band CA with timing offsets up to 30.26 us among the component carriers can be reused.

Proposal 2: For collocated deployment reuse the current test cases and requirement defined for inter-band CA with timing offsets up to 30.26 s among the component carriers.
Furthurmore, as bankground in [6] the operating bands and the CA bandwidth configuration for intra-band non-contiguous are shown in the tables below. The maximum aggregated bandwidths for this configuration are 10+10MHz for FDD and 20+20MHz for TDD.
Table 5.5A-3: Intra-band non-contiguous CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_25-25
	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	CA_41-41
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD


Table 5.6A.1-3: E-UTRA CA configurations and bandwidth combination sets defined for non-contiguous intra-band CA
	E-UTRA CA configuration / Bandwidth combination set

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

	CA_25A-25A
	25
	
	
	Yes
	Yes
	
	

	CA_41A-41A
	41
	
	
	
	Yes
	Yes
	Yes


In [8] it summarizes the current Rel-11 demodulation test cases for CA which can be taken as a reference for the intra-band non-contiguous CA for the collocated deployment.
· Normal PDSCH tests (including CA TM1, TM3 and TM4 tests) and CQI test:

· Performance requirements are defined in a CA configuration independent manner. The same handling as for legacy single carrier test can be reused to select a band combination signalled by UE.
· For the CA configuration  selected for the UE demodulation performance test, 
· if it is an intra-band contiguous CA configuration (supporting 20MHz+20MHz), run the CA normal and CQI tests with the 20MHz+20MHz bandwidth;
· if it is not an intra-band contiguous CA configuration (supporting 10MHz+10MHz), run the CA normal and CQI tests with the 10MHz+10MHz bandwidth.
· Power imbalance test:

· Among all the intra-band contiguous CA configurations supported by UE, select the lowest and highest operating bands for the power imbalance test
· Soft buffer management tests:
· Select one CA configuration among CA configurations corresponding to largest aggregated CA bandwidth signaled by UE.

· Apply test case corresponding to selected CA bandwidth combination and UE category. 

· Sustained data rate tests:

· Prioritize CA sustained data rate test. In other words, if UE can be tested against the CA sustained data rate performance requirement, UE does not need to be tested against the single carrier sustained data rate performance requirement for a given UE category
· For category 3 and 4 UE with CA capability, 
· If UE supports only intra-band contiguous CA configuration, run sustained data rate test for single carrier 20MHz. 
· otherwise, 2×10MHz performance requirements should be selected for the sustained data rate test and the same handling as for legacy single carrier test can be resued to select the band combination signalled by UE. 
· For category 6 and 7 UE with CA capability, 

· Select one CA configuration among CA configurations corresponding to largest aggregated CA bandwidth signaled by UE.

· Apply test case corresponding to selected CA bandwidth combination. 

The summary above can be used for reference for the intra-band non contiguous CA depending on under FDD or TDD setup as followed.
· Normal PDSCH tests (including CA TM1, TM3 and TM4 tests) and CQI test:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Power imbalance test:

· Not applicable.
· Soft buffer management tests:
· FDD: Study/define new tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Sustained data rate tests:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
For the geographically non-collocated enodeBs case depending on the deployment scenarios in case the power imbalance is very large, the LNA gain has to be changed.  This results in the distortion on SCC as the AGC will be adjusted at the PCC subframe border. There are two possible SCC behaviours depending on either the timing of the SCC is earlier or later than the PCC. If the SCC is earlier in time compared to the PCC, the gain change can be directly taken into account, although the first OFDM symbol might be received with the previous AGC setting. But only a single symbol is affected. If the SCC is later in time compared to the PCC, the last OFDM symbol of the previous subframe is affected which will not impact the channel estimation but with some limited performance degradation. The former scenario has some impact on the channel estimation (CRS based) which can be taken as the worst case. In general it can be expected that the performance loss is tolerated, as long as the LNA gain is not changed very often as every subframe. But this needs to be confirmed by the performance study.

Another aspect is we should keep the RF core and demodulation requirements separated. In order to focus on the performance on the receiver side and make progress we propose to start defining the maximum power difference between PCC and SCC by considering the power imbalance is within the limit of the current Rel-8 ACS and in-band blocking requirements as the first step.
With the analysis above we propose the following.

Proposal 3: For non-collocated deployment determine the maximum power difference between PCC and SCC by considering the power imbalance is within the limit of the current Rel-8 ACS and in-band blocking requirements and check the performance loss with a worst scenario (CRS-based channel estimation and SCC is earlier than PCC) as the first step.
3 Conclusions

In this contribution we continue the discussion on the performance requirement for intra-band non-contiguous CA and propose the following.
Proposal 1: Study the deployment scenario for intra-band non contiguous CA together with DL CoMP work item and define the test cases separately with geographically collocated enodeBs and non-collocated enodeBs.

Proposal 2: For collocated deployment reuse the current test cases and requirement defined for inter-band CA with timing offsets up to 30.26 s among the component carriers.
· Normal PDSCH tests (including CA TM1, TM3 and TM4 tests) and CQI test:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Soft buffer management tests:
· FDD: Study/define new tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Sustained data rate tests:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
Proposal 3: For non-collocated deployment determine the maximum power difference between PCC and SCC by considering the power imbalance is within the limit of the current Rel-8 ACS and in-band blocking requirements and check the performance loss with a worst scenario (CRS-based channel estimation and SCC is earlier than PCC) as the first step.
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