3GPP TSG RAN WG1#50bis
Tdoc R1-074111
Shanghai, China, October 08 – 12, 2007
Agenda Item:
 5
Source:         CMCC, RITT, TD Tech, ZTE, Spreadtrum Communications, CATT
Title:            More Physical Layer Improvements on Dedicated Carrier for 1.28Mcps TDD MBMS
Document for:
 Discussion and Decision

1.     Introduction

At RAN1#49 meeting, one dedicated carrier system for 1.28Mcps TDD MBMS has been approved [1] [2]. However, as this scheme is based on the traditional unicast frame structure, supporting larger cell size MBMS transmission is unreachable; in addition, spectrum efficiency has little room to be improved.
In this contribution, to meet requirements on larger cell size broadcasting transmission and more spectrum efficiency [3], we give a solution on the dedicated carrier for 1.28Mcps TDD MBMS.
2.
Physical Layer Improvements Description
For sure, for dedicated carrier MBMS, SFN operation will be also used by configuring a separate common cell ID and a common scrambling code together with a common pilot sequence code for each Node-B within an SFN transmission area, which is the same as that of SFN TDM mode in mixed carrier. However, under the dedicated carrier, we find that a lot of potentials on physical layer improvements can be exploited to achieve higher frequency efficiency comparing with the mixed carrier mode, such as canceling the switching points, getting rid of guard period in each timeslot burst, etc. All these aspects will be discussed in detail in the following chapters. 
2.1
Longer delay spread consideration

In [4], the length of delay spread has been analyzed, and the conclusion is that for mix carrier mode, under the R6 LCR MBMS scenario, the original 16chip (12.5μs) receiver window with 16chip GP is longer enough to cope with the multipath delay spread from different cells. However, for dedicated carrier MBMS case, the length of delay spread needs to be reconsidered, as in this case, a longer delay spread may be adopted to meet the operators requirements on larger cell deployment MBMS. In this section, we evaluate the different delay spread in different scenarios, which are listed in Table 2. The relative delay CDFs are illustrated in Figure1 & Table 1.
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Figure 1.  Relative delay CDF.
	SFN（W=32）
	Scenario I(1386m)
	Scenario II(2500m)

	99% of the useable received signal paths occur within a relative delay window
	16chip or 12.5μs
	29chip or 22.65625μs


Table 1.  Relative delay spread window
For SFN operation, all signals are transmitted at identical time instant. It is important to select a suitable delay spread window parameter, and two aspects should also be considered, which one is that the length of delay spread window is long enough to cope with levels of delay spread typically encountered, and the other is that the shorter delay spread window will be benefit to the spectrum efficiency. All the relative delay spread results are listed in Table 1, which 99% of the useable received signal paths (paths falling within a 25dB dynamic range of the maximum received signal power and falling within a 12dB dynamic range of the noise floor) occur within a relative delay window. The figure and table are well illustrated that using the delay spread 32 chips (25μs) is quite suitable for different scenarios.
2.2
New timeslot burst structure considerations
From the analysis on the delay spread, the conclusion is that the delay spread needs to be enlarged. Also taking into consideration that for designing dedicated carrier MBMS, as spectrum efficiency is one of the most important factors, optimizing the original timeslot burst structure to carter higher transmission efficiency is investigated in this section. On dedicated MBMS carrier, consideration for the transmission has being focused on downlink only direction, the traditional uplink timeslots are not necessary. Further, it is also obvious that three special timeslots (DwPTS, UpPTS and GP) are also unnecessary. According to our understanding, the guard period may be unnecessary for entire DL only operations, as uplink&downlink switching point will not exist. From an operator’s perspective, to maintain the maximum compatibility with existing LCR TDD for minimising UE complexity, the original frame duration and timeslots duration will keep the same on dedicated MBMS carrier to guarantee the timing alignment with the unicast carrier. Taking all factors above into consideration, a new timeslot burst structure for dedicated carrier MBMS is shown in Figure 2. For dedicated carrier MBMS, there are two types of bursts, one is MBSFN Traffic burst (MT burst) for 7 normal timeslots, and the other is MBSFN Special burst (MS burst) for 1 short timeslot. MS burst is used for MBMS control signalling and BCCH information.
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 Figure 2.  New timeslot burst structure
With this new timeslot burst structure, some characteristics and advantages are introduced as follows:

· All downlink timeslots

· No using GP

· Double the length of the delay spread

· Cancel the switching points

· Adjust the position and the length of pilot sequences

· The three traditional special timeslots are combined into one short timeslot, the length of which is 275us, occupied about 5.5% total resources, and is very suitable for control information transmission.

· Self contain characteristic can be kept.

· Greatly improved the spectrum efficiency

· The original frame duration and timeslots duration is the same as before, so the timing alignment with the unicast carrier can be achieved.
2.3
Support for UE receive diversity
It is well known, SFN system is a noise limited system. In order to achieve higher SINR to improve service performance and coverage, receive diversity becomes an ideal solution. Also, implementing receive diversity will be useful to help higher order modulation to further improve the data rate. Therefore, we recommend UE receive diversity to be adopted for dedicated carrier MBMS case.
3.
System Deployment and Simulation Results
3.1
Deployment scenarios
In this contribution, we consider two deployment scenarios, which are corresponding to 1.6MHz macro-cellular deployment to demonstrate the capabilities of large cell deployment according to the requirement of operators. The parameters for the above deployment scenarios are listed in the following table.
	Parameter
	Sicenario I
	Sicenario II

	Cellular layout
	Hexagonal grid, 37 sites

	Sectorisation
	3 sectors/site, total 111 sectors

	Carrier frequency
	2017.5 MHz

	Site-to-site distance
	1386m
	2500m

	NodeB antenna gain (including cable loss)
	15dBi

	Node B horizontal antenna pattern
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	Propagation model
	PL = 128.1 + 37.6*log(Rkm) dB

	Std. of shadow fading
	8dB

	Correlation between sites for shadow fading
	0.5

	Penetration loss
	10dB

	Cell total transmit power
	33dBm
	43dBm

	Thermal noise
	-174dBm/Hz

	UE noise figure
	7dB

	UE antenna gain
	0dBi

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	



Table 2.  System simulation parameters
According to the deployment scenarios listed above and the corresponding receiver algorithm, we plot the geometry CDF in Figure 3. The calculation of SINR is the ratio between the total useable composite signals and the interference together with noise. In particular, any signal arriving more than 25dB down from the maximum received signal power is considered an interference term (It is further assumed that any signal component received with an attenuation of more than 12dB with respect to the noise floor is also interference term.), and the rest are considered as part of the SFN composite signal. 
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Figure 3  Geometry CDF
From the above figure, we observe that SFN operation can dramatically improve SINR and the 95% coverage geometries for the two scenarios are summarised in Table 3. 
	W=32
	Geometry for 95% coverage

	
	Scenario I
	Scenario II 

	SFN
	13.88dB
	14.05dB


Table 3  SINR for 95% coverage
3.2
Simulation parameters and mechanism
The system-level and the link-level simulation methodologies are as follow. Firstly, according to the parameters of Table 2，the powers and the relative delays of the local cell and the interference cells of each UE are determined by sampling. Secondly, the link-level simulation is performed using the parameters of Table 4 and the powers and relative delays mentioned above, and the link-level results of the BLER vs. CIR curves are output to the system-level simulation. Lastly, the distribution curves of SFN SCCPCH throughputs are obtained by the system-level simulation with different modulations and service rates to satisfy the BLER equals to 1%. Those curves are shown in Figure 4.
	Parameter
	Value

	Receiver type
	MMSE JD

	Channel estimation
	Zero-forcing channel estimator

	Chip rate
	1.28 Mcps

	Over-samples per chip
	4

	Carrier frequency
	2017.5 MHz

	Propagation conditions
	MBSFN channel 

	UE speed
	30km/h 
	120km/h

	Physical channels per timeslot
	1 (1 code of SF 1)

	Receiver diversity
	No
	2 branches

	Modulation
	QPSK 
	16QAM

	Transmission time interval
	40ms

	Transport block size
	665*

	Channel coding type
	1/3 Turbo

	CRC, bit
	16

	UE samples
	10000


Table 4  Link-level simulation parameters
* Note that here TB size is referencing TR 25.993 on MTCH parameters.
3.3
System-level simulation results and analysis
3.3.1
S-CCPCH with QPSK Simulation Results
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Figure 4.  SFN S-CCPCH throughput with QPSK
From Figure 4, under the condition of 1% BLER and over 95% coverage level, the SFN timeslot throughputs with QPSK modulation and the spectral efficiencies are summarised in Table 5.

	W=32
	Scenario I
	Scenario II

	
	30km/h
	120km/h
	30km/h
	120km/h

	UE receiver diversity
	None

	Timeslot throughput
	215kbps
	190kbps
	205kbps
	185kbps

	Spectral efficiency†
	0.9863bps/Hz
	0.8716bps/Hz
	0.9404bps/Hz
	0.8487bps/Hz


Table 5  SFN S-CCPCH throughput at 95% coverage with QPSK
† Spectral efficiency = Timeslot throughput * 7.34 / 1.6M
3.3.2  S-CCPCH with 16QAM Simulation Results
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Figure 5.  SFN S-CCPCH throughput with 16QAM

From Figure 5, under the condition of 1% BLER and over 95% coverage level, the SFN timeslot throughputs with 16QAM modulation and the spectral efficiencies are summarised in Table 6.

	W=32
	Scenario I
	Scenario II

	
	30km/h
	120km/h
	30km/h
	120km/h

	UE receiver diversity
	2 branches

	Timeslot throughput
	389kbps
	345kbps
	365kbps
	330kbps

	Spectral efficiency†
	1.7845bps/Hz
	1.5827bps/Hz
	1.6744bps/Hz
	1.5139bps/Hz


Table 6  SFN S-CCPCH throughput at 95% coverage with 16QAM
† Spectral efficiency = Timeslot throughput * 7.34 / 1.6M
Summarizing, for LCR dedicated carrier MBMS with optimized burst structure, spectrum efficiency can be achieved near 1.0 bps/Hz for QPSK modulation, and about 1.7bps/Hz for 16QAM modulation. Comparing with the original scheme [2], the spectrum efficiency has been improved 37% for QPSK modulation and 24% for 16QAM modulation, respectively.
4.     Further discussion on new timeslot burst structure
4.1
Self-contain realization

The new burst structure has two remarkable differences from the old one. The one difference is that the training sequence is placed in front of the data field instead of between two data fields, and the other is that the GP (Guard Period) between two consecutive timeslots is omitted. However, the self-contain characteristic can still be realized under the new burst structure, and the analysis is as follow.

Based on the new position of the training sequence, the channel estimation of a timeslot can be done in the same way as that of the old burst structure, while to get more reliable channel estimation, interpolation can be used by averaging the channel estimation of the timeslot itself and the consecutive timeslot.
In the new burst structure, the cyclic prefix (CP) of the training sequence is placed at the beginning of each timeslot, and its length is expanded to 32 chips. Therefore, that CP works just like the GP of the old structure, and its expanded length restrains more interference from the preceding timeslot. Besides, the interference a data field suffered from the training sequences is no longer constrained in one timeslot, but in two consecutive ones instead. So the interference cancellation of a data field is done simultaneously in two consecutive timeslots, which is different from that of the old burst structure.

4.2
Preambles
Two factors are mainly considered in the evaluation of the preambles, i.e. the noise degradation factor of the Steiner estimator introduced by the preambles auto-correlations and the cross-correlations between the preambles. The Zadoff-Chu sequences are chosen as the preambles for the new burst structure, and there are totally 32 sequences of length 64 picked out. The SNR degradation factors and the correlations of those sequences are shown below.

1. noise degradation factor

The noise power output by the Steiner estimator is usually magnified, and therefore the output SNR is degraded a little compared with the input one. So the noise degradation factor, denoted by D, is defined as the magnification of the noise power, and the greater D, the more degraded the SNR. D is calculated according to the following formula:
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Where, 
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 is a complex Zadoff-Chu sequence, P=64, fft( ) denotes the Fast Fourier Transform.

The SNR degradation factors of all the 32 sequences are shown in Table 7. It shows that all the SNR degradation factors are approximate to 1, and that of the 16th sequence is the minimum. That means that all the 32 sequences degrade the SNR very little.

	Index1~4
	1.00000095e+00
	9.99999821e-01
	9.99999523e-01
	1.00000131e+00

	Index5~8
	1.00000024e+00
	9.99999523e-01
	1.00000000e+00
	1.00000036e+00

	Index9~12
	9.99999940e-01
	1.00000262e+00
	9.99999583e-01
	1.00000095e+00

	Index13~16
	1.00000155e+00
	9.99999642e-01
	1.00000012e+00
	9.99998391e-01

	Index17~20
	1.00000060e+00
	9.99999881e-01
	9.99999881e-01
	1.00000060e+00

	Index21~24
	9.99999166e-01
	9.99999940e-01
	9.99999583e-01
	9.99999404e-01

	Index25~28
	9.99999642e-01
	1.00000083e+00
	9.99999762e-01
	1.00000083e+00

	Index29~32
	1.00000036e+00
	9.99999702e-01
	1.00000060e+00
	9.99999046e-01


Table 7  SNR degradation factors
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Figure 6  Noise degradation factors

2. Cyclic correlation coefficients

2.1)  auto-correlation coefficients

The cyclic autocorrelation coefficient is calculated according to the following formula,
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It is clear that for all the 32 sequences 
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. In order to show the non-peak values of the autocorrelation coefficients more clearly, the absolute values of 
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 are plotted in the figure below. It shows that the ratio of the maximum non-peak value to the peak value is less than 3.5e-3/64=5.46875e-5, therefore the autocorrelations of all the 32 sequences are perfect.
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Figure 7  Absolute non-peak values of the autocorrelation coefficients of all the 32 sequences

2.2)  cross-correlation coefficients
The cyclic cross-correlation coefficient is calculated according to the following formula,
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There are 496 combinations of any two sequences out of the 32 ones. The maximum and the mean absolute values of the cross-correlation coefficients of all the sequence combinations are shown respectively in the two figures below. It shows that the maximum absolute values range from 11.3137 to 45.2549，and the mean absolute values range from 1.4144 to 5.6572. 
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Figure 8  Maximum absolute values of the cyclic cross-correlation coefficients
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Figure 9  Mean absolute values of the cyclic cross-correlation coefficients

Besides the above two characteristics, the number of the Zadoff-Chu sequences is relatively large, and the PAPR of the FFT of each sequence doesn’t vary after linear transforms. All of results show that the choice of the Zadoff-Chu sequences as the preambles is suitable.
4.3
Compatibility
With this optimized timeslot structure for the dedicated carrier MBSFN, the original frame duration and timeslots duration have been kept the same on dedicated MBMS carrier to maintain the timing alignment with the unicast carrier. It means the maximum compatibility with existing 1.28Mcps TDD to minimise UE complexity. Also, this structure is beneficial to co-existence and cost.

5.     Procedure of access
For LCR TDD dedicated carrier MBSFN, the first and the second preamble, pP0 and pP1 (see the Table AA.1a in CR TS25.221), are fixedly used for MS burst. When the preamble of the MS burst is pP1, it indicates that the next sub-frame is the beginning of the multi-frame of PCCPCH; otherwise, the preamble of MS burst uses the pP0. The preamble of MT burst is decided by the upper-layer signaling. This initial SFN cell search is carried out in 4 steps:
Step 1: Search for pP0
During the first step of the initial SFN cell search procedure, the UE uses the pP0 (in MS burst) to acquire synchronization to a SFN cell.
Step 2: Multi-frame synchronization

During the second step of the initial SFN cell search procedure, the UE searches for the pP1 (in MS burst) to get the beginning position of the multi-frame of PCCPCH. According to the result of multi-frame synchronization, UE may go to next step or go back to step 1.
Step 3: Read the BCCH

The UE reads the MIB (Master Indication Block) of multi-frame P-CCPCHs in the BCH and gets the system information of the found SFN cell. According to the result of reading the BCCH, UE may go to next step or go back to step 2.

Step 4: Read the MCCH

The UE reads the MCCH indicated by the BCCH information. According to the result the UE may move back to previous steps or the initial cell search is finished.
6.   The new MICH type on dedicated MBSFN carrier

For LCR TDD dedicated MBSFN carrier, the physical channel MICH is carried on the special timeslot. So the structure is different with unicast carrier. MICH is used for carrying the MBMS notification indicators and system information change indicator on a MBSFN dedicated carrier. As a UE is not requested to camp on a dedicated MBSFN carrier by monitoring paging the on regular frequency, there is no paging mechanism designed for non-MBSFN service. Therefore there is no need to rely on the paging mechanism applied on regular frequency to facilitate system information change notification.

The simplified BCCH information update procedure is as following:
Step 1: RNC initiate a system information update procedure on Iub interface.

Step 2: Node B initiate a system information update procedure and change notification procedure on Uu interface via a modified MICH by carrying change indicator

Step 3: UE reads changed system information when it detects the change indicator on new type MICH.

7.   Outline of CR changes
7.1 Outline of changes to TS 25.201

It is noted that in case of entire carrier dedicated to MBSFN there are 7 normal MBSFN Traffic time slots and 1 short MBSFN Control time slot in each sub-frame.
7.2 Outline of changes to TS 25.221

In the section, all changes are summarized as below.

· A new clause 5A.2.2a “Dedicated carrier MBSFN Burst Format” has been introduced.

· A new clause 5A.2.2.1a “Transmission of TFCI for MT burst and MS burst” has been introduced.

· Downlink timeslot formats using QPSK or 16QAM modulation dedicated for MBSFN operation has been introduced in the clause 5A.2.2.4.3 “Time slot formats for MBSFN”.

· A new clause 5A.2.3a “Training sequences for dedicated carrier MBSFN” has been introduced.

· Clause 5A.3.1“Primary common control physical channel (P-CCPCH)” has been revised.

· A new MICH structure has been introduced in the clause 5A.3.12.a “The MBMS Indicator Channel (MICH) type 2”
· A new clause 5A.7a “Preamble Allocation and Preamble Transmit Power” has been introduced.

· The Basic Preamble Codes has been introduced in the clause AA.1 “Basic Midamble Codes”.
7.3 Outline of changes to TS 25.222

Mapping of TFCI code word bits to TFCI position in 1.28 Mcps TDD option for downlink MBSFN, Figure 9A, has been introduced. 
7.4 Outline of changes to TS 25.223

A new clause 8.3Aa”Code Allocation” has been introduced.

Scrambling code used for downlink MBSFN operation has been introduced in Annex a (normative).
7.5 Outline of changes to TS 25.224

The procedure of Cell search for MBSFN cluster in 1.28 Mcps TDD mode has been introduced.
8     Conclusion
In this contribution, we focus on deploying the improved MBSFN transmission on dedicated carrier for 1.28 Mcps TDD MBMS.  An optimized timeslot burst is presented, and the relevant spectrum efficiency, larger delay spread for large cell deployment, co-existence and compatibility issues have been analyzed. It is proposed to agree the corresponding change requests in the Annex, provided that they are acceptable. 
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