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1 Introduction
The way forward for UE performance tests for TDD-FDD CA was agreed in [1] with the following information included.
The general way forward

· For TDD FDD CA demodulation performance and CSI requirements, the following common configurations are proposed:
· Full duplexing; 

· Self scheduling on each CC; 

· PUCCH format 3 as general configuration.
· TDD UL/DL configuration#1 is used in the test.

· Other UL/DL configuration can be FFS.

· Define separate tests for FDD PCell and TDD PCell case.

Normal demodulation test

· Evaluate the methodology to apply single carrier performance to TDD FDD CA normal performance requirements assuming that no spatial HARQ-ACK bundling is utilized.
· FDD PCell TDD SCell case. 

· The TDD SCell needs to follow the FDD PCell ACKNACK timing and HARQ process without soft bit overbooking. The performance of TDD SCell without soft bit overbooking can be different than TDD single carrier with soft bit overbooking.  

· TDD PCell FDD SCell case. 

· The FDD SCell needs to follow the TDD PCell ACKNACK timing and HARQ process with soft bits overbooking. The performance of FDD SCell with soft bits overbooking can be different than FDD single carrier without soft bits overbooking.

· Interested companies are encouraged to provide simulation results to evaluate the methodology in next meeting.

In this contribution we provide the analysis for the normal demodulation tests with the methodology to apply single carrier requirement for both FDD and TDD and PCell and SCell respectively.
2 Discussion and results
The intention to use single carrier requirement to define UE demodulation and CSI tests for both 3 DL CA and TDD-FDD CA is to simplify the test definition and provide a furture-proved test structure when more CCs come into future releases. The advantage of using such methodology is obvious and clear.
However the problem identified from last meeting as listed above in the agreed way forward is to further evaluate and confirm such methodology of using single carrier requirement for TDD-FDD CA can be taken as a safe approach without any potential risk to penalize the UE performance in a CA manner.

The overbooking features as specified for TDD in [3][4] copied in the Appendix are only effective when the number of HARQ processing is larger than 8. For TDD-FDD CA, in general the scheduling and HARQ solutions for TDD-FDD CA are different than single carrier in either FDD or TDD setup. In the case of FDD PCell, all serving cells have 8 DL HARQ processes. In the case of TDD PCell, the number of DL HARQ processes of a TDD serving cell is determined by the same Rel-11 rules (i.e., Table 7-1 of [4]). In the case of TDD PCell, the number of DL HARQ processes of a FDD serving cell is given by Table 1.

Table 1 Downlink association set of DL reference UL/DL configuration for TDD PCell case

	TDD PCell UL/DL configuration
	Maximum number of HARQ processes

	0
	10

	1
	11

	2
	12

	3
	15

	4
	16

	5
	16

	6
	12


For all cases, the scheduling/grant/HARQ timings of the PCell for a UE are not impacted by the configuration of TDD-FDD CA. Table 2 shows the test list with number of HARQ processes with either FDD as PCell or TDD as PCell or the single carrier case. For FDD as PCell case the number of HARQ process is 8 which is same as FDD single carrier. While FDD as SCell will follow the number from TDD PCell with 11 HARQ processes as defined in Table 1. For TDD as PCell case the number of HARQ process is 11 which is different than TDD single carrier case as 7 with UL/DL configuration 1. Then TDD as SCell will follow the number from FDD PCell with 8 HARQ processes. Also in the simulation we consider UE Category 6~10 in order to avoid buffer limitation problem.
Table 2 Test list for evaluation for TDD-FDD CA methodology

	Number of CCs
	No. HARQ process for FDD Cell
	No. HARQ process for TDD Cell with UL/DL config 1

	Single carrier
	8
	7

	PCell
	8
	11

	SCell
	11
	8


Figure 1 shows the absolute TP performance for FDD Cell with single carrier and FDD as SCell case with 2 and 3 CCs cases. Figure 2 shows TDD Cell performance with single carrier and TDD as PCell and SCell cases with 2 and 3 CCs case. The test configurations are using TM3 20MHz with FRC proposed in [5].
From the results from Figure 1 and 2 there is no obvious performance difference between single carrier and TDD-FDD CA manner either in PCell or SCell for both FDD and TDD cases. Without further checking any low UE categories it seems at least with sufficient buffer size the overbooking issue is not impacting the UE performance by considering reusing single carrier requirements for both FDD and TDD carriers.
Observation 1: No obvious performance difference observed between single carrier and TDD-FDD CA manner either in PCell or SCell for both FDD and TDD cases. With sufficient buffer size the overbooking issue is not impacting the UE performance by considering reusing single carrier requirements for both FDD and TDD carriers.
Proposal 1: Single carrier requirement for both FDD and TDD carriers can be used for setting up normal demodulation test requirements for TDD-FDD CA within Rel-12 scope with 2 and 3 CCs considered.
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Figure 1 FDD carrier performance for TDD-FDD CA
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Figure 2 TDD carrier performance for TDD-FDD CA

3 Conclusions

In this contribution we provide simulation results to evaluate the methodology to apply single carrier based requirement to TDD-FDD CA and have the observation and proposal as following.
Observation 1: No obvious performance difference observed between single carrier and TDD-FDD CA manner either in PCell or SCell for both FDD and TDD cases. With sufficient buffer size the overbooking issue is not impacting the UE performance by considering reusing single carrier requirements for both FDD and TDD carriers.
Proposal 1: Single carrier requirement for both FDD and TDD carriers can be used for setting up normal demodulation test requirements for TDD-FDD CA within Rel-12 scope with 2 and 3 CCs considered.
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5 Appendix

5.1 36.212 v12.1.0

5.1.4.1.2
Bit collection, selection and transmission

The circular buffer of length 
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[image: image4.wmf])

0

(

k

k

v

w

=

 

for k = 0,…, 
[image: image5.wmf]1

-

P

K




[image: image6.wmf])

1

(

2

k

k

K

v

w

=

+

P

 
for k = 0,…, 
[image: image7.wmf]1

-

P

K




[image: image8.wmf])

2

(

1

2

k

k

K

v

w

=

+

+

P

 
for k = 0,…, 
[image: image9.wmf]1

-

P

K


Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

-
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for DL-SCH and PCH transport channels
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for UL-SCH and MCH transport channels

where NIR is equal to:
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where:

If the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10 for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].

If Nsoft = 35982720, 
KC= 5, 

elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC  = 2

else 

KC  = 1

End if.
KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8, 9 or 10 as defined in section 7.1 of [3], and is equal to 1 otherwise.

If the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL configurations, MDL_HARQ is the maximum number of DL HARQ processes as defined in Table 7-1 in [3] for the DL-reference UL/DL configuration of the serving cell. Otherwise, MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 of [3].

Mlimit ​is a constant equal to 8.

Denoting by E the rate matching output sequence length for the r-th coded block, and rvidx the redundancy version number for this transmission (rvidx = 0, 1, 2 or 3), the rate matching output bit sequence is 
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Define by G the total number of bits available for the transmission of one transport block.
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 where Qm is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where

-
For transmit diversity:

-
NL is equal to 2,

-
Otherwise:

-
NL is equal to the number of layers a transport block is mapped onto
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, where C is the number of code blocks computed in section 5.1.2.
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 is the number of rows defined in section 5.1.4.1.1.

Set k = 0 and j = 0

while { k < E }


if 
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k = k +1


end if

j = j +1

end while

5.2 36.213 v12.1.0

7.1.8
Storing soft channel bits

Both for FDD and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at least 
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 transport blocks, upon decoding failure of a code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least 
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 are defined in subclause 5.1.4.1.2 of [4]. 
MDL_HARQ is the maximum number of DL HARQ processes.
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If the UE signals ue-Category-v1170, 
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 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v1170 [11]. Else if the UE signals ue-Category-v1020 and not ue-Category-v1170, 
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 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v1020 [11]. Otherwise, 
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In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. 
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