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1   Introduction
The Soft buffer limitation scheme was first brought to RAN4 in LS [1]. During Last several RAN4 meetings, the verification of relating UE behaviour was discussed in a number of contributions and several agreements have been reached in RAN4#62. However, the discussion is currently focused in FDD and actually similar tests are also needed for TDD for similar purposes.
In this contribution, we briefly summarized the history of current discussion, and discussed the verification assumptions for TDD.
2 Discussion
2.1 History & Background
In the first discussion paper of testing UE soft buffer limitation [2], initial consideration regarding the verification point and candidate scenarios were presented. 
In the AdHoc of RAN4#60bis [3], it was agreed that verification focus in whether UE have a correct implementation of instantaneous buffer or not [4] and tentative assumptions were later agreed for FDD in [5]. In addition, though not agreed, the testing of TDD scenario was suggested in [6].  

In RAN4#61, detailed analysis of the performance impact was done in [7] and also other contributions. The way forward for Category 3 was kept and slightly changed for Category 4 as documented in the meeting report [8].

In RAN4#62, the test for category 4 is agreed and the corresponding CR was agreed in [9]. However, for category 3 there are new proposals in [10] to reuse existing CA Test case and requirements rather than setting up new case.  No agreement has been reached regarding this point and the CR [11] reflecting RAN4#61’s agreement was revised to [9] incorporating only agreed category 4 test. 
2.2 Analysis & General proposals for TDD
Similarities with FDD & Staring point

Generally speaking, the verification for TDD UE could be pretty much similar to FDD. The meaning of testing is similar.
Proposal 1: Setting up UE soft buffer limitation tests for TDD.

For Physical layer process, the changes attached in LS [1] apply both for FDD and TDD. It is reasonable to verify the same behaviour for TDD: whether the UE has instantaneous buffer or not. The UE category and corresponding total number of soft channel bits defined in 36.306 are also the same for FDD and TDD in a TTI.  In addition, for CA scenarios, FDD currently use 2*20MHz, which is also applicable for TDD.

Based on these similarities, it is also natural for TDD to use similar RMCs and testing conditions. So the following analysis is using R.30-1 TDD for category 3 and IMCS = 17 (TBS = 30576) for category 4 as starting points.

Proposal 2: Keep the testing scenarios and parameters between FDD and TDD as much as possible.

In addition, it is suggested to reuse past configurations as much as possible to minimise the potential specification inconsistency.

Proposal 3: Reuse current CA testing parameters for TDD as much as possible.

UL/DL configuration

However, some differences with FDD still remain. The most obvious ones are TDD specific parameters: UL/DL configuration and Special subframe configuration.
Since the soft buffer is defined for each TTI, how many DL subframes are available seems have nothing to do soft buffer limitation issue which is in a TTI level. However this is not the case. The UL/DL configuration is closely related to the DL maximum HARQ number which is somehow related to soft buffer limitation.

In 36.213, different maximum HARQ numbers have been defined for UL/DL configuration as attached in Annex A to ensure the resource utilization. According to the physical layer spec CRs attached in [1], in the transmitter side (Also attached in Annex B):


[image: image1]
In the calculation of stored channel bits (Attached in Annex C):
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So the available soft buffer size for one HARQ process may be impacted by this MDL_HARQ. Since almost all the demodulation performance currently defined are using UL/DL configuration 1 except a few SDR tests, it is suggested to reuse configurations if possible to minimise the potential specification inconsistency. For this configuration, MDL_HARQ = 7 is defined in 36.213 (also in Annex A). 
Under this assumption of MDL_HARQ = 7, various parameters including coded bit size, transmitter buffer size, physical channel bit and receiver soft buffer size were calculated for R.30-1 TDD for category 3 and IMCS = 17 for category 4. The calculation method is similar to [7]. The corresponding FDD calculations were also incorporated as references.
Table 1: Buffer size and other parameters per transport block for FDD/TDD

	
	Coded bit size
	Transmitter buffer size
	Physical channel bit
	Receiver soft buffer size

	Category 3, TM3(rank2)
FDD
	77280

(25456+24*6+4*5+28*5)*3)
	77280

(< 38446*2)
	52800

(13200*4)
	38664

(1237248/2/8/2)

	Category 3, TM3(rank2)
R.30-1 TDD Normal Subframe
	77280

(25456+24*6+4*5+28*5)*3)
	77280

(< 38664*2)
	52800

(13200*4)
	44187
(1237248/2/7/2)

	Category 3, TM3(rank2)
R.30-1 TDD Special Subframe
	64896
(21384+24*5+4*4+28*4)*3)
	64896
(< 44187*2)
	42912
(10728*4)
	44187

(1237248/2/7/2)

	

	Category 4, TM3(rank2)
FDD
	92640
(30576+24*6+4*5+28*5)*3)
	92640
(< 57096*2)
	79200
(13200*6)
	57096

(1827072/2/8/2)

	Category 4, TM3(rank2)
R.XX TDD Normal Subframe
	92640
(30576+24*6+4*5+28*5)*3)
	92640
(< 65252*2)
	79200
(13200*6)
	65252
(1827072/2/7/2)


We can see that the available receiver soft buffer size is slightly larger for TDD than for FDD. However, for normal subframe the number is still considerably smaller than the physical channel bit. It is anticipated that the performance loss will also considerable.
Of course, by incorporation other UL/DL configurations which satisfy MDL_HARQ > 8, the same buffer size with FDD could be achieved. However, no obvious merits could be foreseen by this option, and the change of specification structure introduced by this seems not so attractive.

Proposal 4: Reuse UL/DL configuration 1 as in most other demodulation tests.

Special subframe configuration

Another TDD specific parameter is special subframe configuration. 

For special subframe, DwPTS can transmit less data compared to normal subframe, while having the same soft buffer size. It is observed from Table 1 for category 3 that the receiver soft buffer size is larger than physical channel bit.  For category 4 though no detailed calculation is done the same condition is also expected.
According to the study in [7] for a similar case of category 4 test 1(TM3, 2 layers), the performance difference would hardly be observed in 70% relative throughput point for this configuration. So it is a risk that incorporation of special subframes into this test will make difference between with and w/o instantaneous buffer less obvious.
Furthermore, since the length of DwPTS is already reached the maximum value for special subframe configuration 4 compared with other configurations as defined in Table 4.2-1 in 36.211, changing to other configurations is meaningless since the physical channel bit would be further reduced and much less than receiver soft buffer size, making the performance difference between with and w/o instantaneous buffer even less obvious.

Proposal 5: Do not schedule any data for special subframe.

2.3 Simulation Assumptions
Based on the previous analysis, simulations were performed to verify those proposals and corresponding UE behaviour. Based on the above analysis, we have the following common test parameters, with the different part with FDD marked in yellow.
Table 2: Common test parameters
	Parameter
	　Value

	System bandwidth
	20 MHz + 20 MHz (100 + 100 RBs)

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Sub-frame configuration
	100 resource blocks are allocated per CC.

Only subframes  4 & 9 were allocated.
No resource blocks are allocated for special subframes 1&6.

	Number of OFDM symbols for PDCCH
	2 symbols per subframe per CC

	Power allocation (ρA,  ρB) )
	-3 dB

	Antenna configuration and correlation matrix
	2x2 Low

	SIR / CQI estimation
	Practical

	Channel estimation
	Practical

	Frequency error
	0 Hz

	EVM error 
	6%

	UE Categories
	3 or 4

	Per CC soft buffer size
	Soft buffer size of each CC is set to half of that of the single carrier case.

	Uplink downlink configuration
	1

	Special subframe configuration
	4

	Number of HARQ processes
	7

	Maximal number of HARQ transmission
	4

	Soft buffer implementation
	With instantaneous buffer vs. without instantaneous buffer

	Performance metric


	PDSCH throughput vs. SNR


The other testing scenarios and parameters are listed below and each test. 
Table 3 Testing scenarios and parameters
	Parameter
	　Test 1
	Test 2
	Test 3

	UE category
	3
	3
	4

	Channel Model
	EVA5
	EVA70
	EVA5

	MIMO configuration
	TM3 (rank 2)
	TM3 (rank 2)
	TM3 (rank 2)

	IMCS
	14 (16QAM)
	14 (16QAM)
	17 (64QAM)

	Transport block size
	25456
	25456
	30576

	Number of transport blocks per CC
	2
	2
	2

	Redundancy version coding sequency
	{0, 1, 2, 3}
	{0, 1, 2, 3}
	{0, 0, 1, 2}

	Soft buffer implementation
	With & w/o instantaneous buffer
	With & w/o instantaneous buffer
	With & w/o instantaneous buffer


It should be noted for category 3, both EVA5 and EVA70 were simulated. Test 2’s configuration is pretty much similar to current CA TM3 test for UE category 5-8, except R.30-1 TDD used in the current test utilized the special subframe, while the Test 2 here didn’t. It is used for evaluation of possible applicability of current CA UE requirements to this newly introduced test for soft buffer limitation.

2.4 Simulation Results
[image: image3.emf]2 4 6 8 10 12 14 16 18 20

0

10

20

30

40

50

60

70

80

90

100

SNR(dB)

Relative Throughput(%)

w/o instantaneous buffer

with instantaneous buffer


Figure 1. Simulation Results for Category 3, EVA 5
Table 4 SNR at 70% TP for Category 3, EVA 5
	
	With instantaneous buffer
	w/o instantaneous buffer

	SNR at 70% TP (dB)
	12.1
	16.5
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Figure 3. Simulation Results for Category 3, EVA 70
Table 5 SNR at 70% TP for Category 3, EVA 70
	
	With instantaneous buffer
	w/o instantaneous buffer
	R.30-1 CA Test ( Note)

[For category 5-8 ]

	SNR at 70% TP (dB)
	12.9
	17.1
	12.6


Note: The simulation results of “R.30-1 CA Test” is copied from [12]. 
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Figure 3. Simulation Results for Category 4, EVA 5
Table 6 SNR at 70% TP for Category 4, EVA 5
	
	With instantaneous buffer
	w/o instantaneous buffer

	SNR at 70% TP (dB)
	15.3
	22.1


From these results, it is quite clear that the SNR at 70% TP has a significant difference in all the tests between with and w/o instantaneous buffer. UE with incorrect implementation obviously will not pass the test. 
For category 3 test under EVA70, the performance is pretty similar to current CA Test for TM3, with only 0.3 dB difference according to our simulation. So it is felt that the proposals in [10] to reuse EVA70 and current requirements could be reasonable.
All the simulation data were also attached as an Excel sheet.
3   Conclusion
In this contribution, soft buffer limitation tests for TDD were discussed. A number of general proposals are given and simulation results were also provided to verify the applicability of the proposed testing scenarios and parameters. 
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Annex A Maximum number of DL HARQ processes for TDD
Table 7-1: Maximum number of DL HARQ processes for TDD

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	7

	2
	10

	3
	9

	4
	12

	5
	15

	6
	6


Annex B

5.1.4.1.2
Bit collection, selection and transmission

The circular buffer of length 
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 for the r-th coded block is generated as follows:
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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-v10xy, and is configured with transmission mode 9 for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v10xy [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category [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 or 9 as defined in section 7.1 of [3], and is equal to 1 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.
Annex C

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 Section 5.1.4.1.2 of [4]. 
MDL_HARQ is the maximum number of DL HARQ processes.


[image: image26.wmf]DL

cells

N

is the number of configured serving cells. 
If the UE signals ue-Category-v10xy, 
[image: image27.wmf]soft

N

¢

 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v10xy [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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Mlimit �is a constant equal to 8.
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MDL_HARQ is the maximum number of DL HARQ processes.
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