
TSG-RAN WG1 #46
R1-062194
Tallinn, Estonia, 28 Aug – 1 Sep, 2006
(Original R1-061855)
Source:
Toshiba Corporation
Title:
Further Study on Reference Signal Structure for MBMS
Agenda Item:
8.7.3
Document for:
Discussion
1. Introduction
The text proposal agreed at the meeting in Athens, on E-MBMS reference signal structure for TR 25.814 [1], states that the following approaches are to be considered to provide channel estimates of multi-cell MBMS transmission and it was decided that one of the approaches will be selected based on the throughput.:

· Cell-common reference signals (transmitted only in the sub-frames in which MBMS is transmitted).
· Cell-specific reference signals, together with group scrambling (here in after called “cell-specific reference signals with GS”).
In this contribution, we focus on the group-scrambling. We explain the procedure of group-scrambling and how it introduces the additional diversity gain.
In section 2, we show performance evaluations with ideal channel estimations. The results clarify a potential of the additional diversity gain when realistic channel estimation schemes haven't been decided. We confirmed that the gains from the cell-common reference signals are 1.0dB and 0.7dB for 5MHz bandwidth and 10MHz bandwidth, respectively. In general, there is a tradeoff relationship between the group scrambling width and the channel estimation accuracy.
In section 3, we also show performance evaluations by using the realistic channel estimations with 15 subcarriers in one scrambling group as an example. 

2. Additional Diversity Gain Through Group Scrambling
Appendix A provides a description of the group scrambling process and a discussion on how it provides transmit diversity. In the current section we present simulation results obtained with ideal channel estimation which show the transmit diversity gain due to group scrambling, in isolation i.e. without channel estimation impairments.
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Figure 1: Diversity gain of group scrambling (5MHz BW case)
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Figure 2: Diversity gain of group scrambling (10MHz BW case)
Figure 1 and 2 shows the additional diversity gain due to group scrambling, relative to cell-common reference signals, for the case of 5 and 10 MHz bandwidths, respectively. These figures show the average BLER performance with ideal channel estimation based on assumptions summarized in Table B1, given in Appendix B. Here the frame structure (B) shown in Figure B1 (of Appendix B) is used for the both cell-common and cell-specific cases. The group scrambling width (i.e. the number of sub-carriers which are scrambled by a common symbol) is varied from 3 to 30. Note that as the group scrambling width increases the diversity order decreases whilst the channel estimation error decreases. 

From Figures 1 and 2, we see that the diversity gain of group scrambling is approximately 1.0dB and 0.7dB at a BLER of 10-2 for 5 and 10 MHz bandwidths, respectively. Note that group scrambling provides a gain in addition to the macro diversity gain in an SFN system, which benefits both cell-common and cell-specific schemes.
3. Actual Channel Estimation Evaluation
3.1. Simulation Methodology
We evaluate average BLER performance with and without group scrambling under the conditions summarized in Table B1. In this contribution, it was assumed that UE was located at cell-boundary since it is more adverse condition than the cell-interior area where UE receiver can obtain a high signal to noise ratio. We use the cell-edge channel model described in Table 4 in [3]. 

The frame structures (A) and (B), given in Figure B1, is assumed MBMS data transmission in this simulation as per [3]. The reference signal overhead differs with the two structures: 16.7% and 11.1% for frame structures (A) and (B), respectively. 16-QAM modulation for all schemes. The coding rate were adjusted in order to realize 1bit/s/Hz efficiency. Thus, different coding rates were used for both frame structures.
Different channel estimation method in the frequency domain was used for cell-common and proposed reference signal schemes. In the case of cell-common reference signals (i.e. without group scrambling), channel responses were estimated using a zero forcing weights. On the other hand, in the case of cell-specific reference signals with group scrambling, channel responses were estimated by using averaging filter using reference signals transmitted in each subcarrier group. We also note that the channel estimation was performed within one sub-frame, i.e. no time domain interpolation, for each case. 
The group scrambling width 15 sub-carriers was chosen for this simulation based on the results given in Figures 1 and 2. As mentioned earlier, the group scrambling width affects channel estimation accuracy as well as the diversity gain. The channel estimation accuracy is degraded if a smaller group scrambling width is used. Conversely, the channel estimation accuracy is improved as larger group scrambling widths are used, due to larger number of reference symbols being available for channel estimation.
3.2. Simulation Results

5MHz BW case
Figures 3 and 4 show the average BLER performance of MBMS data at the cell-boundary with fD set to 5.55Hz and 222Hz, respectively. Each figure shows that the performance with group scrambling is better than that without group scrambling due to the additional diversity even when realistic channel estimation is employed. 
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Figure 3: Simulation results ( BW=5MHz, fD =5.55Hz )
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Figure 4: Simulation results (BW=5MHz, fD =222Hz )
10MHz BW case
Figures 5 and 6 show the average BLER performance of MBMS data at the cell-boundary with fD set to 5.55Hz and 222Hz, respectively with realistic channel estimation. Each figure shows that the performance with group scrambling is better than that without group scrambling due to the additional diversity..
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Figure 5: Simulation results ( BW=10MHz, fD =5.55Hz )
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Figure 6: Simulation results (BW=10MHz, fD =222Hz )
4. Conclusion

In this contribution, we have evaluated the performances of the two reference signal structures included in the current version of TR 25.814 [1] for multi-cell MBMS transmission. By the performance comparisons of ideal channel estimations, it was shown that group-scrambling can introduce additional diversity gain even in an SFN　system. Actual channel estimation evaluations demonstrated that cell-specific reference signals with group scrambling has better performance than cell-common reference signals at the evaluated location.
TR 25.913 [4] which provides the requirements for MBMS, states that additional techniques to improve cell edge performance could be used. Therefore, we believe that both the cell-specific reference signals with group scrambling and the cell-common reference signals should be considered as promising candidates for multi-cell MBMS transmission.
One of the reference signal structures will be selected based on the common evaluation environment.
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Appendix A: Group Scrambling

In this section, we explain the group-scrambling process and how it introduces additional diversity gain using a simple example of an MBMS transmission employing 18 subcarriers. A group scrambling width of 6 is used.  Figures A1 and A2 describe the cases of cell-common reference signals and cell-specific reference signals with GS, respectively. For simplicity, we only consider two cells and assume that the corresponding channels are stationary during one frame duration. In order to use the same notation in both cases, channel response vectors in the frequency domain are divided into 3 sub-parts denoted 
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In the case of cell-common reference signals, the same signals are transmitted from cell-A and cell-B as shown in Figure A1. Macro-diversity is achieved without any additional procedure at UE. In the case of cell-specific reference signals with GS, the signals are the same at the beginning as well as the case of cell-common reference signals as described in Figure A2. The difference between the two cases is due to the group-scrambling process, framed in by a red dashed-line. In group scrambling, subcarriers are divided into several subcarrier groups and each subcarrier group is rotated with cell-specific scrambling codes. In general, any scrambling code can be chosen for group-scrambling. 
To understand how the group-scrambling introduces diversity gain, it is useful to compare the both composite channel response. The composite channel response of cell-common reference signals can be described as 



[image: image10.wmf]11

22

33

1

2

3

ab

ab

ab

hhh

hhh

hhh

+

+

+

=

=

=


(1)

The composite channel response of cell-specific reference signals with GS can be described as
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(4) indicates that the correlation in (1) depends on delay spread and correlation of two cells. On the other hand (5) indicates that the correlation in (2) depends on not only delay spread and correlation of two cells but also on the correlations between scrambling codes
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. If the scrambling codes are chosen randomly, the correlation can be decreased additionally. 
Regarding channel estimation in the case of cell-specific reference signals with GS, frequency domain interpolation or averaging cannot be applied across different subcarrier-groups, since the “combined” scrambling code is actually unknown at the UE. In order to enable frequency domain averaging or interpolation within a subcarrier-group, at least two reference symbols are needed within each subcarrier group. Hence as the number of reference symbols in a subcarrier-group is increased, the channel estimation performance can be improved. Also, if the width of subcarrier-group is increased without changing the total number of reference symbols, the channel estimation could improved.
Observe that the scrambling codes for group-scrambling are all 1, ‘cell-specific reference signals’ is identical to conventional MBMS employing cell-common reference signals. Thus ‘cell-specific reference signals with GS’ gives us a more general expression of MBMS transmission scheme. For example, if the subcarrier group width is 3 and the scrambling code is same as that for unicast pilot symbol, the structure is almost equivalent to the structure proposed in [2] except for the pilot symbol position and number. 
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Figure A1: MBMS data transmission without group-scrambling
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Figure A2: MBMS data transmission with group-scrambling
Appendix B: Simulation Conditions
Simulation parameters

Table B1: Simulation parameters

	Basic parameters
	Table 7.1.1-1 of [1]

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732m

	System bandwidth
	5MHz, 10MHz

	Sub-carrier spacing
	15kHz

	Sub-frame length
	0.5ms (6 OFDM symbols)

	CP length
	16.67us (Long CP)

	Frame structure
	Fig.B1 (A)
	Fig.B1 (B)

	Pilot power offset 
	3dB (compared to data symbol)

	Data modulation
	16QAM

	Channel coding
	Turbo code (K=4)

Max-Log-Map decoding (8 iteration)

	Channel coding rate
	R=0.53750
	R=0.49615

	Number of Rx antenna
	2

	FFT timing detection
	Ideal

	Channel estimation
	ZF [without group scrambling],

Filter averaging [with group scrambling]

	Path model
	6-ray Typical Urban

	UE speed
	3km/h (fD=5.55Hz), 120km/h (fD=222Hz)

	UE location
	cell-boundary (same location in [3])

	Group scrambling width
	15 sub-carrier


Frame structures
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Figure B1: Frame structures for evaluation
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