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1 Introduction
During the email discussion after RAN1#70, the number of DL HARQ processes used for rate matching and storing soft channel bits in case of TDD inter-band carrier aggregation with different UL-DL configurations was discussed. In this contribution, we provide our evaluations and views on this topic.
2 Discussion
For rate matching, the maximum soft buffer size for one transport block is
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For soft channel bits storing, UE shall store at least 
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 transport blocks upon decoding failure for each serving cell, and UE shall store at least 
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 received soft channel bits for a transport block upon decoding failure.
In Rel-10, MDL_HARQ is the actual number of DL HARQ processes on the serving cell. However, for TDD inter-band CA with different UL-DL configurations, MDL_HARQ for the SCell can be determined by the following methods:
· Alt1: MDL_HARQ is actual number of DL HARQ processes on the SCell, as shown in Table 1.
Table 1: The actual number of DL HARQ processes for both self-carrier scheduling and cross-carrier scheduling
	
	PCell SIB1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL Configuration
	0
	
	5/5
	5/5
	6/6
	7/7
	7/7
	5/5

	
	1
	7/4
	
	8/8
	10/7
	10/10
	11/11
	7/6

	
	2
	10/4
	10/7
	
	14/8
	14/11
	14/14
	10/6

	
	3
	9/4
	10/6
	11/8
	
	10/10
	11/11
	9/6

	
	4
	12/4
	12/7
	13/9
	12/9
	
	13/13
	12/6

	
	5
	15/4
	15/7
	15/10
	15/9
	15/12
	
	15/6

	
	6
	6/4
	6/6
	7/7
	7/7
	8/8
	9/9
	


*  The black and red numbers correspond to self-carrier scheduling and cross-carrier scheduling respectively
· Alt2: MDL_HARQ is the number of DL HARQ processes corresponding to the PDSCH reference UL-DL configuration on the SCell.

Table 2 shows the value of 
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 for different alternatives. It can be found that for several cases, the value corresponds to Alt2 is larger than the actual number of DL HARQ processes on the SCell, which may lead to smaller buffer size for rate matching.
The main disadvantage of Alt1 is the additional specification work to define the value of MDL_HARQ for each TDD UL-DL configuration combination with self-carrier scheduling and cross-carrier scheduling respectively.

Table 2: The value of 
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 for self-carrier scheduling
	
	PCell SIB1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL Configuration
	0
	
	5/7
	5/8
	6/8
	7/8
	7/8
	5/6

	
	1
	-
	
	-
	-
	-
	-
	-

	
	2
	-
	-
	
	-
	-
	-
	-

	
	3
	-
	-
	-
	
	-
	-
	-

	
	4
	-
	-
	-
	-
	
	-
	-

	
	5
	-
	-
	-
	-
	-
	
	-

	
	6
	-
	6/7
	7/8
	7/8
	-
	-
	


* “-” : The values correspond to different alternatives are same
* The black and red numbers correspond to Alt1 and Alt2 respectively.
3 Performance
From the PDSCH throughput perspective, Alt1 is supposed to be better due to smaller HARQ process dropping probability and larger soft buffer size. In this section, we compare the performance of Alt1 and Alt2 . 
The largest difference of 
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 between Alt1 and Alt2 is 3 when the PCell SIB1 UL-DL configuration is configuration 2, and the SCell SIB1 UL-DL configuration is configuration 0.

In the evaluations, 5 actual HARQ processes are simulated and 
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is assumed, which leads to at most 10 transport blocks within a HARQ RTT. The unsuccessfully decoded transport block(s) can always be stored for both Alt1 and Alt2. Since 
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 for Alt2, the soft buffer size for rate matching is less than Alt1 which has 
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. Alt2 with the following two possible UE implementations for storing soft channel bits are evaluated:

· Method 1: For an incorrectly received transport block, UE stores 
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 received soft channel bits. 
· Method 2: For an incorrectly received transport block, UE stores 
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 received soft channel bits. 
Figures 1 and 2 show the DL throughput performances with different MCS levels and with AMC respectively. 
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a. MCS level is 14                                                         b. MCS level is 23
Figure 1. DL throughput performance of Alt1 and Alt2 with a single MCS
[image: image14.emf]10 15 20 25 30

2

2.5

3

3.5

4

4.5

5

5.5

6

SNR (dB)

DL throughput (bits/s/Hz)

UE category 3, 100 PRBs, AMC, 2TBs, EVA

Alt1 (5 processes)

Alt2 + Method 1 (8 processes)

 
Figure 2. DL throughput performance of Alt2 and Alt3 with AMC

From the simulation results, it can be seen that some DL throughput gain of Alt1 over Alt2 is observed, if a single MCS is assumed. It is further noted that with optimized UE implementation (e.g. Method 2 as described above) for Alt2, the gain of Alt1 over Alt2 is relatively small. No performance gain can be obtained by Alt1 when AMC is used. Considering the additional specification work and limited performance gain, Alt2 is slightly preferred.

4 Conclusions
In this contribution, we discuss the determination of MDL_HARQ on SCell for TDD inter-band CA with different UL-DL configurations. Based the simulation results, we have the following proposal:

Proposal: MDL_HARQ used for rate matching and storing soft channel bits in case of TDD inter-band carrier aggregation with different UL-DL configurations is the number of DL HARQ processes corresponding to the PDSCH reference UL-DL configuration on the SCell.
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6 Appendix
Table 3: Link level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	20MHz + 20MHz

	UE category
	3

	Channel model
	EVA

	UE speed
	3 km/h

	Antenna setup
	2 Tx, 2 Rx

	Number of layers
	2

	Number of codeword
	2

	Number of used PRBs
	100

	Number of configured serving cells
	2

	HARQ
	YES
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