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1. Introduction

The UE demodulation requirements for carrier aggregation (CA) have been discussed in the previous RAN4 meetings. The performance part of carrier aggregation WI is considered to be 20% complete. The WI is planned to be 100% complete in June 2011 (RAN#52). In the last RAN4 #57 meeting, companies were encouraged to provide their views to facilitate discussion and preferably conclusion on carrier aggregation downlink demodulation requirements. 
In the present contribution we provide our views to facilitate discussion and preferably conclusion on carrier aggregation downlink demodulation requirements on topics described in [1].
2. Way Forward on CA downlink Demodulation from RAN4#57

The key working assumptions in [1] from RAN4#57 meeting on CA downlink demodulation is summarized below: 
1. The target completion date for the initial phase requirements is RAN4#59 (May 2011)
2. The PDSCH verification scenarios are based on 10+10 MHz and 20+20 MHz bandwidth combinations

3. No additional scenarios are specified for the verification of control channel performance
4. The CA configuration listed in the RAN1 LS in [2] are prioritized in the design of the test cases
5. Up to 2 component carriers are considered in the design

6. Up to 2 MIMO layer are considered in the design

7. UE categories 1 and 2 do not need to be covered

8. The following aspects are covered by the initial requirements:
· Single antenna port (1 x 2) performance using transmission mode 1

· Dual-layer MIMO (N_tx x 2) performance using transmission mode X (TBD)

· The UE’s ability to process the received packets in a sustained manner assuming a data rate close to the maximum enabled by the UE category, number of MIMO layers, and CA bandwidth combination
3. Discussion on CA downlink Demodulation Test Requirements 
As discussed in [1], the open issues that companies were encouraged to provide their views to facilitate discussion and preferably conclusion on carrier aggregation downlink demodulation requirements are addressed. 

Test case(s) for the single antenna port transmission in Transmission Mode 1 (TM1)
· Test setup (channel bandwidth, modulation and coding scheme (MCS), channel model)

· The existing Rel-8/9 performance requirements for PDSCH test setup should be used as the initial test setup for the multi-carrier performance requirements. This would allow for a mixture of different channel bandwidths, MCS, and channel models.
· Proposal 1: The existing Rel-8/9 performance requirements test setup should be used as the starting point for single antenna port transmission in TM1 (Single-antenna port, port 0) test case(s).
· Coverage of the UE categories (3-8 or 4-8)

· RAN1 UE category proposal 7 in [2] clearly states that a Rel-10 UE will signal a Rel-8/9 UE category (UE categories 1-5) and if supported, a Rel-10 UE category (UE categories 6-8). The working assumption 7 in [1] on CA downlink demodulation clearly states that UE categories 1 and 2 do not need to be covered. There does not appear to be any performance verification rationale for the exclusion of UE category 3. The final selection of UE categories should have a good range of data rates.
· Proposal 2: Coverage for UE categories 3-8 should be used for single antenna port transmission in TM1 (Single-antenna port, port 0) test case(s).
Test case(s) for the dual-layer transmission

· Transmission mode

· For the dual-layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH would be performed with two transmission layers on antenna ports 7 and 8. Precoding for spatial multiplexing using antenna ports with UE-specific reference signals is only used in combination with layer mapping for spatial multiplexing. Spatial multiplexing using antenna ports with UE-specific reference signals supports up to eight antenna ports and the set of antenna ports used is p = 7, 8, …. Transmission Mode 8 (TM8) support dual layer transmission, port 7 and 8.
· Proposal 3: TM8 should be used for the dual-layer transmission test case(s).
· Test setup (channel bandwidth, MCS, channel model)

· The existing Rel-8/9 performance requirements for PDSCH test setup should be used as the initial test setup for the multi-carrier performance requirements. 

· Proposal 4: The existing Rel-8/9 performance requirements test setup should be used as the starting point for dual-layer transmission test case(s).
· Coverage of the UE categories (3-8 or 4-8)
· RAN1 UE category proposal 7 in [2] clearly states that a Rel-10 UE will signal a Rel-8/9 UE category (UE categories 1-5) and if supported, a Rel-10 UE category (UE categories 6-8). The working assumption 7 in [1] on CA downlink demodulation clearly states that UE categories 1 and 2 do not need to be covered. There does not appear to be any performance verification rationale for the exclusion of UE category 3. The final selection of UE categories should have a good range of data rates.
· Proposal 5: Coverage for UE categories 3-8 should be used for the dual-layer transmission test case(s).
Test case(s) for the sustained data rates

· Selection of the test cases based on the configurations listed in [2]

· Based on the configurations listed in [2] the sustained data rates test(s) should cover both 10 + 10 MHz and 20 + 20 MHz bandwidth scenarios with coverage of the UE categories 3-8.

· Proposal 6: Coverage for UE categories 3-8 should be used for both 10 + 10 MHz and 20 + 20 MHz test case(s).

Verification of the UE’s peak capability with 2 component carriers

· Option 1: The aspects is covered by the sustained data rate test(s) only 

· Option 2: The aspects is covered by both sustained data rate test(s) and demodulation test(s)

· The purpose of the sustained downlink data rate test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated. The sustained downlink data rate shall be verified in terms of the success rate of delivered Packet Data Convergence Protocol (PDCP) Service Data Unit(s) by Layer 2. The purpose of multi-carrier performance testing is to verify UE’s capability performing parallel data demodulation. It is important to make sure that high throughput scenarios are considered to ensure good demodulation performance. Verification of the UE’s peak capability with 2 component carriers seems appropriate for the sustained data rate test(s) as well as the demodulation test(s).
· Proposal 7: We proposed that option 2 is selected.

Scalability of the single-carrier requirements to 2 component carriers

· Impact of the frequency error as described in [3] 
· It is described in [3] that the frequency error between the two carriers can be assumed to be modeled by a slowly varying frequency error, or possibly semi-static and neglecting the phase noise (jitter). To fully understand the impact of the frequency error more simulation work may be necessary.

· Proposal 8: More relevant simulation work should be conducted to fully understand the frequency error.

Channel feedback requirements for CA

· The need for new requirements to be analyzed based on RAN1 decisions

· The existing Rel-8/9 requirements are not sufficient for all the new requirements based on RAN1 decisions. There are many scenarios in Rel-8/9 that use 10 MHz but not as much for the scenarios that use 20 MHz. This means that some new requirements would be necessary to cover the RAN1 decisions in the test case(s). This includes the new three UE categories (UE categories 6-8) that were added in Rel-10 because they contain typical 20 MHz + 20 MHz inter/intra-band CA scenarios. The scenarios that cover the initial set of downlink combinations of CA for the new requirements described by RAN1 [2] are provided below:
Layers/CA combinations of interest (Rel-8/9 UE categories)

DL

	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 5
	
	


Layers/CA combinations of interest (New Rel-10 UE categories)

DL
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 6
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 7
	1/20MHz
	4 

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 8
	[2/20+20MHz]
	[8]


· The tables show that for the new Rel-10 UE categories the 20 + 20 MHz bandwidth is used in multiple layer transmission modes.
· Proposal 9: The 20 + 20 MHz bandwidth should be used in combination with the dual-layer transmission scenarios.
4. Conclusions
In the present contribution we provided an analysis of our views for the carrier aggregation PDSCH demodulation requirements. Therefore, we ask that the following proposals are taken into consideration:
· Proposal 1: The existing Rel-8/9 performance requirements test setup should be used as the starting point for single antenna port transmission in TM1 (Single-antenna port, port 0) test case(s).
· Proposal 2: Coverage for UE categories 3-8 should be used for single antenna port transmission in TM1 (Single-antenna port, port 0) test case(s).
· Proposal 3: TM8 should be used for the dual-layer transmission test case(s).
· Proposal 4: The existing Rel-8/9 performance requirements test setup should be used as the starting point for dual-layer transmission test case(s).
· Proposal 5: Coverage for UE categories 3-8 should be used for the dual-layer transmission test case(s).
· Proposal 6: Coverage for UE categories 3-8 should be used for both 10 + 10 MHz and 20 + 20 MHz test case(s).
· Proposal 7: Option 2 (both sustained data rate tests and demodulation tests) is selected.

· Proposal 8: More relevant simulation work should be conducted to fully understand the frequency error.
· Proposal 9: The 20 + 20 MHz bandwidth should be used in combination with the dual-layer transmission scenarios.
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