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1 Introduction
During the email discussion after RAN1#76bis, the number of DL HARQ processes for TDD SCell with FDD PCell was discussed. In this contribution, we provide views on this topic.
2 Discussion
The following approaches were proposed for the number of DL HARQ processes for TDD SCell with FDD PCell:

· Option 1a: Define the number of DL HARQ processes (i.e. MDL_HARQ) for each TDD serving cell’s UL-DL configuration

· Option 1a-1: MDL_HARQ is defined as 4, 6, 7, 7, 8, 8, 5 for UL-DL configuration 0-6 assuming 8ms RTT

· Option 1a-2: MDL_HARQ is defined as 4, 6, 8, 7, 8, 9, 5 for UL-DL configuration 0-6 assuming 10ms RTT
· Option 1a-3: MDL_HARQ is defined as 4, 6, 8, 7, 8, 8, 5 for UL-DL configuration 0-6 assuming 10ms RTT for UL-DL configuration 2 and 8ms RTT for other UL-DL configurations

· Option 1b: Define MDL_HARQ as 8 regardless whether the serving cell is FDD or TDD without further optimization
· Option 1c: Define MDL_HARQ as the smaller of Table 7-1 or 8 for TDD SCell without further optimization, i.e. the number of HARQ processes is 4, 7, 8, 8, 8, 8, 6 for UL-DL configuration 0-6
The number of DL HARQ processes has the following impacts: 
1) Field of HARQ process number in DL grant. 
If the maximum number of DL HARQ processes is 8, the field of HARQ process number in DL grant can be limited to 3 bits. From this perspective, option 1a-2 is not preferred.
2) The maximum soft buffer size for one transport block during rate matching,
For rate matching, the maximum soft buffer size for one transport block is
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Once MDL_HARQ is larger than the actual number of DL HARQ processes on TDD SCell, the PDSCH detection performance on TDD SCell will be degenerated when large TBS is used, since the number of redundancy bits for one transport block will be reduced before rate matching. From this perspective, compared to option 1a, performance loss can be expected for both option 1b and option 1c, especially for option 1b.
3) The minimum number of incorrectly decoded transport blocks to be stored and the minimum number of received soft channel bits for an incorrectly decoded transport block to be stored during soft channel bits storing.

For Rel-10/11 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 code block of a transport block upon decoding failure.
Once MDL_HARQ is larger than the actual number of DL HARQ processes on TDD SCell, fewer bits will be stored for an incorrectly decoded transport block on TDD SCell when UE implementations for storing soft channel bits base on MDL_HARQ. Therefore, UE soft buffer wastage may exist, and the PDSCH detection performance on TDD SCell may be degenerated since the loss of HARQ combination gain.
Furthermore, the description that “UE shall store at least 
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 transport blocks upon decoding failure for each serving cell” is not appropriate, since the maximum actual number of transport blocks on TDD SCell is less than
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From this perspective, both option 1b and option 1c are not preferred.
The PDSCH performance with different MCS levels of option 1a and option 1b are shown in Figures 1. In the evaluations, TDD UL-DL configuration 6 is used on TDD SCell and 
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is assumed. According to option 1a, the actual number of DL HARQ processes is 5. Therefore, there are at most 10 transport blocks within a HARQ RTT. 

[image: image7.emf]5 7.5 10 12.5 15 17.5

0

0.5

1

1.5

2

2.5

3

SNR (dB)

DL throughput (bits/s/Hz)

UE category 3, 100 PRBs, I

MCS

=14, 2 TBs, EVA

option 1a

option 1b

 [image: image8.emf]10 15 20 25

0

1

2

3

4

5

6

SNR (dB)

DL throughput (bits/s/Hz)

UE category 3, 100 PRBs, I

MCS

=23, 2 TBs, EVA

option 1a

option 1b

 
a. MCS level is 14                                                         b. MCS level is 23

Figure 1. DL throughput performance of option 1a and option 1b
From the simulation results, it can be seen that DL throughput gain of option 1a over option 1b can be observed. 

According to the above discussion, the following observations can be made for the number of DL HARQ processes for TDD SCell with FDD PCell:

· For option 1a, new number of DL HARQ processes is defined, i.e. MDL_HARQ = 5 for TDD UL-DL configuration 6. 
· Option 1a-1 can achieve best PDSCH detection performance. The PDSCH detection performance of option 1c is close to the performance of option 1a. On the other hand, the PDSCH detection performance of option 1b is worst. 
· The impacts on specification are listed in Table 1 for different options.
Table 1: Comparison of the impacts on specification for different options

	
	Modification on the number of DL HARQ processes is defined in TS36.213 section 7
	Modification on the minimum number of incorrectly decoded transport blocks to be stored in TS36.213 section 7.1.8

	Option 1a
	√
	×

	Option 1b
	√
	√

	Option 1c
	√
	√


3 Conclusions
In this contribution, we discuss the determination of MDL_HARQ on SCell for TDD SCell with FDD PCell. Considering the simulation results and impacts on specification, we have following proposal:

Proposal: The number of DL HARQ processes on TDD SCell is defined as 4, 6, 7, 7, 8, 8, 5 for UL-DL configuration 0-6 assuming 8ms RTT.
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5 Appendix
Table 2: 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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