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1 Introduction
In RAN1#70bis, soft buffer partitioning for TDD inter-band CA with different UL-DL configurations was discussed. A working assumption was made for the rate matching procedure, i.e. MDL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell. In this contribution, we further discuss the rate matching procedure for half duplex UEs and provide our views on the operation of storing soft channel bits.
2 Rate matching procedure for half duplex UEs
For cross-carrier scheduling, since cross-subframe scheduling is not supported, the DL transmission in overlapped subframes on the SCell cannot be scheduled for both full duplex and half duplex UEs, and hence the actual number of DL HARQ processes on the SCell is same for both full duplex and half duplex UEs. Therefore, the working assumption can be applied to half duplex UEs with cross-carrier scheduling.
For self-carrier scheduling, the determination of transmission direction in overlapped subframes will impact the actual number of DL HARQ processes on the SCell for half duplex UEs. Assuming the transmission direction of all subframes shall follow the PCell SIB1 configuration [1], a half duplex UE will not monitor PDCCH/EPDCCH in overlapped subframes on the SCell. Therefore, the actual number of DL HARQ processes for half duplex UEs on the SCell is less than full duplex UEs. Table 1 shows the value of min(MDL_HARQ, Mlimit) for actual number of DL HARQ processes on the SCell with Option 2 and the number of DL HARQ processes corresponding to the PDSCH reference UL-DL configuration on the SCell. From Table 1, it can be seen that for half duplex UEs with Option 2:

· The additionally unequal cases are only present when the PCell SIB1 UL-DL configuration is configuration #0 or #6.  
· The largest difference of min(MDL_HARQ, Mlimit) between the actual number of DL HARQ processes and the number of processes corresponding to the PDSCH reference UL-DL configuration for half duplex UEs is same as that for full duplex UEs, and the majority of the difference of min(MDL_HARQ, Mlimit) is 1.
Therefore, the performance loss for using the number of DL HARQ processes corresponding to the PDSCH reference UL-DL configuration on the SCell to perform rate matching procedure for half duplex UEs with Option 2 would be very limited compared to full duplex UEs.
Table 1: The value of min(MDL_HARQ, Mlimit) with Option 2
	
	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
	5/7
	
	-
	-
	-
	-
	6/7

	
	2
	5/8
	-
	
	-
	-
	-
	7/8

	
	3
	6/8
	-
	-
	
	-
	-
	7/8

	
	4
	7/8
	-
	-
	-
	
	-
	-

	
	5
	7/8
	-
	-
	-
	-
	
	-

	
	6
	5/6
	6/7
	7/8
	7/8
	-
	-
	

	Meaning of the colors  
	Only for half duplex UEs 
	For both full duplex UEs and half duplex UEs


* The black and red numbers correspond to the actual number of DL HARQ processes and the number of DL HARQ processes corresponding to the PDSCH reference UL-DL configuration on the SCell respectively.
* “-” : The values correspond to different cases are same

Based on the above analysis, we have the following proposal:

Proposal 1: The working assumption for rate matching procedure is confirmed, i.e. the rate matching procedure in TS 36.212 is kept unchanged except the following: 
· M DL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell
3 Operation of storing soft channel bits
Two alternatives for storing soft channel bits were proposed in RAN1#70bis, i.e.:
· Alt1: Working assumption is that the operation of storing soft channel bits in TS 36.213 is kept unchanged except MDL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell.
· Alt 2: Working assumption is that in TS 36.213, the Rel-10 behavior of UE storing soft channel bits applies except the following equation is used, and where MDL_HARQ_i is given by the DL-reference configuration of that carrier.

[image: image1.wmf](

)

__limit

1

'

min,

min,

soft

SBcb

N

MIMODLHARQi

i

N

nN

CKMM

=

æö

êú

ç÷

êú

ç÷

êú

=

ç÷

êú

××

ç÷

êú

ëû

èø

å


Table 2: The value of min(MDL_HARQ, Mlimit) for storing soft channel bits (self-carrier scheduling)
	
	PCell SIB1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL Configuration
	0
	
	-
	-
	-
	-
	-
	-

	
	1
	4/7
	
	-
	-
	-
	-
	6/7

	
	2
	4/8
	7/8
	
	-
	-
	-
	6/8

	
	3
	4/8
	7/8
	-
	
	-
	-
	6/8

	
	4
	4/8
	7/8
	-
	-
	
	-
	6/8

	
	5
	4/8
	7/8
	-
	-
	-
	
	6/8

	
	6
	4/6
	-
	-
	-
	-
	-
	


* The black and red numbers correspond to the PCell and SCell respectively
* “-” : The values correspond to the PCell and SCell are same
From Table 2, it can be found that the value of min(MDL_HARQ, Mlimit) corresponds to the PCell is smaller or equal to that of the SCell. With Alt.2, the maximum amount of soft channel bits to be stored is the same for any DL HARQ process. With Alt.1, the maximum amount of soft channel bits stored for a HARQ process on PCell may be doubled compared to that of the SCell, as shown in Figure 1. Figure 2 shows the DL throughputs for PDSCH on PCell and SCell respectively. Based on the simulation results, significant performance loss on SCell is observed with Alt.1, although there is some performance gain on PCell with Alt. 1. Since the number of HARQ processes with performance loss (i.e. on SCell) is more than the number of HARQ processes with performance gain (on PCell), Alt.1 is less preferable.
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Figure 1. Storing soft channel bits
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Figure 2. DL throughput performance of Alt1 and Alt2

Proposal 2: For storing soft channel bits, the Rel-10 behavior in TS36.213 applies except the following equation is used, and MDL_HARQ_i is given by the DL-reference configuration of that carrier.

[image: image5.wmf](

)

__limit

1

'

min,

min,

soft

SBcb

N

MIMODLHARQi

i

N

nN

CKMM

=

æö

êú

ç÷

êú

ç÷

êú

=

ç÷

êú

××

ç÷

êú

ëû

èø

å


4 Conclusions
In this contribution, we further discuss the rate matching procedure for half duplex UEs and the operation of storing soft channel bits. Based on the analysis, we have the following proposals:
Proposal 1: The working assumption for rate matching procedure is confirmed, i.e. the rate matching procedure in TS 36.212 is kept unchanged except the following: 
· M DL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell
Proposal 2: For storing soft channel bits, the Rel-10 behavior in TS36.213 applies except the following equation is used, and MDL_HARQ_i is given by the DL-reference configuration of that carrier.

[image: image6.wmf](

)

__limit

1

'

min,

min,

soft

SBcb

N

MIMODLHARQi

i

N

nN

CKMM

=

æö

êú

ç÷

êú

ç÷

êú

=

ç÷

êú

××

ç÷

êú

ëû

èø

å


5 References
[1]. R1-124089, “Half duplex operations for TDD inter-band CA,” CATT
[2]. R1-124092, “Soft buffer partitioning for TDD inter-band CA with different UL-DL configurations,” CATT
6 Appendix
Table 3: Link level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	20MHz + 20MHz

	UE category
	3

	Channel model
	EVA70

	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

	PCell SIB1 UL-DL Configuration
	Configuration 0

	SCell SIB1 UL-DL Configuration
	Configuration 2
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