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1. Introduction
The MBMS TDD physical layer enhancement work item [1] was approved at RAN#34 to enable support for Single Frequency Network (SFN) for TDD.  The objectives of this work item are:

· Support 16QAM modulation for S-CCPCH 
· Provide for handling of delay spreads in the UE receiver commensurate with SFN deployments
· Receive Diversity at the UE
In this document we propose to include additional performance requirements for 3.84Mcps and 7.68Mcps TDD to provide test coverage for MCCH and 16-QAM MTCH demodulation with and without Rx diversity and for an extended delay spread capability in the UE receiver.

2. 16-QAM for S-CCPCH

In order to minimise the impact on the specifications it is proposed to retain the transport channel attributes of the current 256kbps MTCH test bearer, and simply to map this to a CCTrCH of S-CCPCH type using 16-QAM modulation instead of QPSK modulation.
Details of this physical channel configuration are provided in section 4.

3. Propagation channel for testing of extended delay spread capability
The degree of significant delay spread experienced by the UE in an SFN deployment is a function of the specific deployment parameters and of the propagation environment.  Many papers, both inside and outside of 3GPP, have already investigated this aspect for a range of possible deployment parameters.  In addition, field measurements have been taken and analysed.
Within 3GPP, recent focus has been on SFN deployment of MBMS for LTE.  It is our belief that the currently agreed physical layer parameters for LTE have been carefully designed and engineered to provide appropriate immunity against delay spread for deployment cases of interest to current UMTS operators.
LTE provides for a 33μs cyclic prefix duration using the 7.5k Hz numerology which is targeted at MBMS SFN deployments.  As such, it is considered appropriate to specify a test for UTRA MBMS SFN with this order of magnitude of delay spread also (33μs).

The proposed channel profile is shown in Figure 1 with the aim of satisfying a total delay spread of 33 (s requirement and assuming a simple 3 path model.
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Figure 1: Channel profile for extended delay spread testing
4. Simulation Assumptions
4.1 MTCH
The proposed reference MTCH channel has an information rate of 256 kbps.  It is proposed that the FACH transport channel used for MTCH follows that currently specified in 25.102.   For convenience, this is summarized in Table 1.
Table 1: Transport channel parameters for S-CCPCH carrying MTCH
	Parameter
	MTCH

	User Data Rate
	256 kbps

	Number of Transport Channel 
	1 

	Transport Block Size
	2561

	Transport Block Set Size
	10244

	Nr of transport blocks/TTI
	4

	RLC SDU block size
	10160 

	Transmission Time Interval
	40 ms

	Type of Error Protection
	Turbo

	Coding Rate
	1/3

	Rate Matching attribute
	256

	Size of CRC
	16

	Puncturing limit
	1.0


The physical channels in the test use 16QAM.  Burst type 4 of [2] is assumed, and thus Slot Formats 23 and 22 are used for those physical channels carrying TFCI and those with no TFCI respectively.  The physical channel parameters are defined in Table 2.
Table 2: Physical channel parameters for S-CCPCH carrying MTCH
	Parameter
	Unit
	Level

	User Data Rate
	kbps
	256

	Modulation
	-
	16QAM

	Channel bit rate
	kbps
	792

	Channel symbol rate 
	ksps
	198

	Slot Format #i
	-
	23 and 22

	TFCI
	-
	ON

	Total number of codes per timeslot
	-
	16 × SF16 (3.84Mcps)
16 × SF32 (7.68Mcps)


The simulation assumptions are summarized in Table 3.
Table 3: Simulation assumptions for S-CCPCH carrying MTCH
	Item
	Parameters
	Values

	1
	Chip Rate (Mcps)
	3.84, 7.68

	2
	TSTD
	OFF

	3
	TFCI
	ON for 1 S-CCPCH per timeslot

	4
	Interfering codes per timeslot
	0 x SF16 (3.84Mcps)

16 x SF32 (7.68Mcps)

	5
	Σ(S-CCPCH_Ec)/Ior per active timeslot
	0 dB (3.84Mcps)
-3dB (7.68Mcps)

	6
	Geometry, Îor/Ioc (dB)
	Variable in test

	7
	Ioc
	-60 dBm / 3.84 MHz (3.84 Mcps)
-60 dBm/ 7.68 MHz (7.68 Mcps)

	8
	Number of Rx Branch at UE
	1 and 2

	9
	UE antenna correlation (for 2 Rx branch)
	0

	10
	Samples per chip
	4

	11
	Midamble allocation scheme
	Common

	12
	Detection Method
	JD-MMSE

	13
	Channel Estimation
	Realistic channel estimator - estimated phase & amplitude

	14
	Carrier Frequency
	2 GHz

	15
	Propagation conditions
	Extended delay spread propagation channel (3 kmph) defined in Section 3.


4.2 MCCH

The proposed reference MCCH channel has an information rate of 7.2 kbps.  It is proposed that the FACH transport channel used for MCCH follows that currently specified in 25.102.   For convenience, this is summarized in Table 4.

Table 4: Transport channel parameters for S-CCPCH carrying MCCH
	Parameter
	MCCH

	User Data Rate
	7.2 kbps

	Number Transport Channel 
	1 

	Transport Block Size
	581

	Transport Block Set Size
	581

	RLC SDU block size
	4088 

	Transmission Time Interval
	80 ms

	Repetition period
	640 ms

	Modification period
	1280 ms

	Type of Error Protection
	Turbo

	Coding Rate
	1/3

	Rate Matching attribute
	256

	Size of CRC
	16


The physical channels in the test use QPSK.  Burst type 4 of [2] is assumed, and thus Slot Format 20 is used for the physical channels.  The physical channel parameters are defined in Table 5.
Table 5: Physical channel parameters for S-CCPCH carrying MCCH
	Parameter
	Unit
	Level

	Channel bit rate
	kbps
	22.8

	Channel symbol rate 
	kbps
	11.4

	Modulation
	
	QPSK

	Slot Format #i
	-
	20 (Burst Type4, No TPC, 16 bits TFCI)

	TFCI
	-
	ON

	Bearer codes per slot
	-
	1 x SF16 (3.84Mcps)
1 x SF32 (7.68Mcps)


The simulation assumptions are summarized in Table 6.

Table 6: Simulation assumptions

	Item
	Parameters
	Values

	1
	Chip Rate (Mcps)
	3.84, 7.68

	2
	TSTD
	OFF

	3
	TFCI
	ON

	4
	Interfering codes per timeslot
	7 x SF16 (3.84Mcps)

15 x SF32 (7.68Mcps)

	5
	S-CCPCH_Ec / Ior per active timeslot
	Variable in test

	6
	Geometry, Îor/Ioc (dB)
	+6dB

	7
	Ioc
	-60 dBm / 3.84MHz (3.84 Mcps)
-60 dBm/ 7.68 MHz (7.68 Mcps)

	8
	Number of Rx Branch at UE
	1 and 2

	9
	UE antenna correlation (for 2 Rx branch)
	0

	10
	Samples per chip
	4

	11
	Midamble allocation scheme
	Common

	12
	Detection Method
	JD-MMSE

	13
	Channel Estimation
	Realistic channel estimator - estimated phase & amplitude

	14
	Carrier Frequency
	2 GHz

	15
	Propagation conditions
	Extended delay spread propagation channel (3 kmph) defined in Section 3.


The simulation produces a graph of the transport channel BLER versus S-CCPCH_Ec/Ior.

5. Results
5.1 MTCH

The MTCH RLC SDU Error (BLER) as a function of  Îor/Ioc is shown in Figure 2 and Figure 3 for 3.84 Mcps and 7.68 Mcps TDD options respectively.  
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Figure 2: MTCH performance (256 kbps, 16 QAM) under Extended delay spread propagation channel for 3.84 Mcps TDD option
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Figure 3: MTCH performance (256 kbps, 16 QAM) under Extended delay spread propagation channel for 7.68 Mcps TDD option
For an MTCH RLC SDU error of 0.1, the required Îor/Ioc is shown in Table 7.

Table 7: MTCH RLC SDU error performance

	Item
	Chip Rate (Mcps)
	Number of UE Rx Branch
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	Ideal
	Implementation
	

	1
	3.84
	1
	11.5
	14.5
	0.1

	2
	3.84
	2
	5.3
	8.3
	0.1

	3
	7.68
	1
	11.7
	14.7
	0.1

	4
	7.68
	2
	5.2
	8.2
	0.1


5.2 MCCH

The MCCH TrCH Error (BLER) as a function of 
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 is shown in Figure 4 and Figure 5 for 3.84 Mcps and 7.68 Mcps TDD options respectively.
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Figure 4. MCCH performance (7.2 kbps) under Extended delay spread propagation channel for 3.84 Mcps TDD option
[image: image7.emf]-25 -20 -15 -10

10

-3

10

-2

10

-1

10

0

E

c

 / I

or

 [dB]

TrCH BLER

MCCH performance at 7.68Mcps using S-CCPCH, long delay spread channel

7.2kbps        

7.2kbps + RxDiv


Figure 5. MCCH performance (7.2 kbps) under Extended delay spread propagation channel for 7.68 Mcps TDD option

For an RLC SDU error rate of 0.01, the required TrCH BLER is calculated as 0.0345 [3].  The required S-CCPCH Ec / Ior is shown in Table 8.

Table 8: Test requirements for MCCH detection
	Item
	Chip Rate (Mcps)
	Number of UE Rx Branch
	S-CCPCH Ec/Ior (dB)
	RLC SDU ER

	
	
	
	Ideal
	Implementation
	

	1
	3.84
	1
	-12.6
	-9.6
	0.01

	2
	3.84
	2
	-17.3
	-14.3
	0.01

	3
	7.68
	1
	-16.1
	-13.1
	0.01

	4
	7.68
	2
	-20.7
	-17.7
	0.01


6. Conclusion

Test cases for MTCH and MCCH demodulation covering extended delay spread functionality and 16-QAM on S-CCPCH has been defined and simulation results have been presented.  It is proposed to include these results in the form of test cases into 25.102.
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