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1. Introduction

In the coming RAN1 LS on UE category [1], the following issue needs to be investigated by RAN4:

· For TDD, feasibility of asymmetric CA in UL and DL is under study in RAN4
In this contribution, we analyze this issue and further discuss the defined UE categories from TDD aspect.
2. Analysis of asymmetric CA in UL and DL for TDD system
Typically a traditional TDD UE design is symmetrical for UL and DL in terms of the UE operating bandwidth and the centre frequency. This kind of design will benefit the RF design by using a common LO and filter for transmitter and receiver. The asymmetry for DL and UL will result in center frequency and bandwidth change between UL/DL. Frequency change means that frequency re-synchronization process is needed. Usually the time for one-way frequency change is larger than 200us which will results in large performance degradation and some SF cannot be used for common UL/DL LO design. Separate LO design for UL and DL can solve this problem, however, this will also add cost to a TDD UE and is not typical for TDD. Bandwidth change means that transmitter and receiver should have completely separated RF component losing the advantage of saving cost. So it is proposed that the symmetric CA in DL and UL is mandatory for Rel-10 TDD UE. 
Proposal 1: For Rel-10 TDD UE, symmetric CA in DL and UL shall be mandatory.
3. UE categories in TDD
In [1], there are a lot of UL/DL asymmetrical UE capability requirements for the same UE category. Based on Proposal 1, it is proposed to modify the table for Layers/CA combinations of interest in RAN1 LS and clearly distinguish the TDD capability design from that of FDD.
Category 3 and 4: 
In the RAN1 LS[1], Category 3 and 4 introduce a new DL carrier aggregation capability with 2/10+10MHz paired with UL 2/10+10MHz.According to proposal 1, if the DL 2/10+10MHz is kept for TDD,  the UL shall also support the carrier aggregation capability of 2/10+10MHz. 

However, the Rel-10 UL multiplex access scheme is shown in figure 1, each CC should have a separate DFT, if UE category 3 and 4 support UL carrier aggregation capability of 2/10+10MHz, UL Tx structure shall be modified to have an additional DFT which will exceed the current UL capability of category 3 and 4. Therefore, we propose that the DL carrier aggregation capability with 2/10+10MHz in category 4 is not support in TDD and it is for FDD only. The modified CA capability of category 3 and 4 for TDD UE is shown in Table 1.
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Figure 1: UL multiplex access scheme in R10
Table 1: DL CA capability/layers combination for category 1~5
	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 MHzNote
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHzNote
	2

	Category 5
	
	

	Note: only applicable for FDD


 Table 2: UL CA capability/layers combination for category 1~5
	UE category
	UL CA capability
	UL layers

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	1

	
	1/10 MHz
	2

	Category 4
	1/20 MHz
	1

	
	1/10 MHz
	2 

	Category 5
	
	


Category 6:
Category 6 defines two cases of asymmetric DL and UL CA capability, which are 2/20+20MHz and 2/10+20MHz. According to proposal 1, the UL CA capability shall also support 2/20+20MHz and 2/10+20MHz in UL for TDD.  . The modified CA capability of category 6 for TDD UE is shown in Table 4.
Table 3: DL CA capability/layers combination for category 6
	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)


Table 4: UL CA capability/layers combination for category 6
	UE category
	UL CA capability
	UL layers

	Category 6
	1/20MHz
	1

	
	2/10+10MHz
	1

	
	1/10MHz
	2

	
	2/20+20MHzNote
	1

	
	2/10+20MHzNote
	1

	Note: only applicable for TDD


Category 7:
Category 7 has a DL CA capability case with 2/10+10MHz with no symmetric CA capability in UL. But this asymmetric case can be solved by the UL CA capability of 2/20+20MHz for TDD. It is shown in figure 2, the UE with 2/20+20MHz UL CA capability can degrade the UL CA capability to 2/10+10MHz to match the symmetric requirement. Therefore, there is no need to define a new UL CA capability with 2/10+10MHz in this case.
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Figure 2: illustration of DL 2/10+10MHz with UL 2/20+20MHz
Considering the difference in UE capability between FDD and TDD, it is proposed that the interested case should be clearly defined and sent to RAN2/1.

Proposal 2: The modified CA capability/layer combinations table for TDD shall be send to RAN2/RAN1.
R10 UE UL MIMO capability extension
In order to support UL MIMO in Rel 10, R10 UE has been extended on MIMO capabilities. For UL CA capability/layers combination in LS [1], we notice that for Category 3, 4, and 6, there is one category with UL CC bandwidth only 10MHz in order to support 2 layers transmission in UL. While we know that, an Rel-10 UE should be able to access to Rel-8 network, as a result, Rel-10 UE should be able to support UL 20 MHz transmission with 1 layer. 

Proposal 3:  Rel-10 UE should be able to support at least UL 20 MHz transmission with 1 layer capability.
4. Conclusion
In this contribution, we analyzed the feasibility of asymmetric CA in DL and UL for TDD UE and further discussed the UE categories in TDD, we have the following proposal:

Proposal 1: For Rel-10 TDD UE , symmetric CA in DL and UL shall be mandatory.

Proposal 2: The following CA capability/layer combinations table for TDD shall be send to RAN2/RAN1.
Proposal 3:  Rel-10 UE should be able to support at least UL 20 MHz transmission with 1 layer capability.

Table 5: DL CA capability/layers combination for category 1~5
	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 MHzNote
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHzNote
	2

	Category 5
	
	

	Note: only applicable for FDD


Table 6: UL CA capability/layers combination for category 1~5
	UE category
	UL CA capability
	UL layers

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	1

	
	1/10 MHz
	2

	Category 4
	1/20 MHz
	1

	
	1/10 MHz
	2 

	Category 5
	
	


Table 7: DL CA capability/layers combination for category 6~8
	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]


Table 8: UL CA capability/layers combination for category 6~8
	UE category
	UL CA capability
	UL layers

	Category 6
	1/20MHz
	1

	
	2/10+10MHz
	1

	
	1/10MHz
	2

	
	2/20+20MHzNote
	1

	
	2/10+20MHzNote
	1

	Category 7
	2/20+20 MHz
	1

	
	1/20MHz
	2

	
	2/10+20MHz
	2(10MHz) 1 (20MHz)

	Category 8
	[2/20+20MHz]
	[4]

	Note: only applicable for TDD
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