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1. Introduction
MBMS frame structures have been proposed by several companies [1-12], which include multiplexing methods (FDM or TDM) [1-8], and pilot (reference-signal) structures [1-4]. If an MBMS frame employs a different pilot structure (e.g., cell-common scrambled pilot) from a unicast frame (e.g., cell-specific scrambled pilot), the CQI measurement and the channel estimation for the L1/L2 control signaling of the uplink channels are not applicable, since the channel response from each Node-B cannot be identified. Moreover, unicast frames surrounding the MBMS frame are not able to utilize the MBMS pilots for channel averaging/interpolation. On the other hand, employing the same unicast-type pilot with cell-specific scrambling code in a MBMS frame would cause some difficulties in the channel estimation, since a UE has to estimate the channel responses from all surrounding Node-B’s separately to obtain the correct channel estimate. In addition, a channel estimate from each Node-B suffers from inter-cell interference unless each Node-B uses orthogonal pilot. One solution to such a problem is to introduce an additional MBMS-specific pilot that is scrambled with cell-common scrambling code [1, 2]. This MBMS-specific pilot can avoid inter-cell interference at the expense of extra pilot overhead although it can not easily be used with the unicast-type pilot for channel interpolation. Therefore, we have proposed cell-specific scrambled pilot and data channel structure for MBMS service provisioning [4]. In this contribution, we propose an MBMS structure focusing on the proposed cell-specific scrambled pilot and data channel structure to cope with cell-specific unicast pilot, while avoiding inter-cell interference and additional pilot overhead.
2. MBMS structure

In this contribution, we compare four MBMS structures in terms of channel estimation performance, UE complexity, and pilot overhead. In the following, we assume the pilot in unicast-frame is scrambled with cell-specific code.
(a) Cell-common scrambled pilot
This structure consists of cell-common scrambled pilot and unscrambled data. When the identical pilot/data are transmitted from Node-Bs at the same time, RF combining macro-diversity is realized at UE without additional operation. However, the CQI measurement and the channel estimation for the L1/L2 control signaling of the uplink channels are not applicable, since the channel response from each Node-B cannot be identified. Moreover, the use of the MBMS-specific pilot creates a ‘gap’ between unicast frame pilots in the channel estimation process. For example, channel interpolation in time domain cannot be fully achieved in the unicast sub-frames preceding or succeeding to the MBMS frame. 
(b) Cell-specific scrambled pilot [2]
This structure consists of cell-specific scrambled pilot and unscrambled data. In this case, a channel response from each Node-B is estimated using cell-specific scrambled pilot first. Then the combination of these estimates is applied to MBMS channel equalization. However, this process causes interference among the cell-specific pilots of Node-B’s unless they are orthogonal with each other. Moreover, since UE must recognize all neighboring cells and their scrambling patterns, this structure would increase the UE’s complexity.
(c) Cell-specific and additional cell-common scrambled pilot [1, 2]
This structure has an additional cell-common scrambled pilot compared with (b). By employing identical pilots among all cells, RF combining macro-diversity can be automatically applied to MBMS pilot as well as data at UE. Since a UE does not have to separate MBMS pilots transmitted from each Node-B, the channel estimate can be directly extracted without any interference to recover the MBMS data. However, this structure increases pilot overhead. If both of the cell-common and the cell-specific scrambled pilot are mapped in scattered way as described in Fig.1 (c), the overhead becomes double. If the cell-specific scrambled pilot in 4th symbol is not used for channel estimation in succeeding unicast frame or CQI measurement in the MBMS frame, the overhead can decrease.
(d) Cell-specific scrambled pilot and data (Proposed) 
· Basic scheme and principle
We have proposed the cell-specific scrambled pilot and data structure [4]. Unlike the case of (a), (b) or (c), the MBMS data is also scrambled with the same cell-specific code as used for the pilot in this structure. More precisely, pilot and data symbols in each group, described as a shaded area in Fig.1 (d1), are rotated by the same amount as that of the cell-specific scrambled pilot symbol. We call this process as ‘group-scrambling’. Since the pilot and data in a group are multiplied by the same scrambling symbol, the received signal is equivalent to the pilot and data multiplied with the “combined” scrambling code of all surrounding cells. Thus, the data can be equalized using the composite pilot, which is a sum of pilots including the effect of channel responses, without de-scrambling or separation of each cell-specific code. 
For example, if the scrambling pattern 
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) is used for the pilot symbol in the k-th group at the n-th Node-B, MBMS data symbols in the k-th group at the n-th Node-B are also scrambled with 
[image: image3.wmf][]

n

Rk

. In this case, received pilot symbol 
[image: image4.wmf][]

rx

Pk

 and data symbols
[image: image5.wmf][]

rx

Dk

 can be described as 

[image: image6.wmf](

)

1

[][][][]

N

rxnn

n

PkPkRkHk

=

=××

å

, 

[image: image7.wmf](

)

1

[][][][]

N

rxnn

n

DkDkRkHk

=

=××

å

,
where 
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 is transmitted pilot symbol in the k-th group, 
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 is a channel response between the UE and the n-th Node-B. For simplicity, we assume there is only one data symbol in one group. Using 
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It is clear that this structure is also free from interference caused by de-scrambling as in (c), and that it doesn’t need any additional MBMS-specific pilots. Since the MBMS frame and unicast frame share the same pilot structure, it is straightforward to perform the time domain interpolation between the MBMS pilot and the unicast pilot in the succeeding unicast frame. This feature is advantageous especially at high velocity. Please note that this feature remains unchanged even if MBMS data is multiplied by cell-common scrambling code.
· Cell-specific scrambled pilot with repetition pilot
On the other hand, frequency domain interpolation or averaging cannot be applied to (d) across different groups, since the “combined” scrambling code is actually unknown at UE. This could slightly degrade frequency domain tracking performance. In order to overcome this problem, pilot repetition can be applied to this structure as described in Fig.1 (d2). By using this structure, two pilot symbols within a group can be averaged or interpolated to enhance channel estimation capability in the frequency domain. This structure improves a performance under long delay spread environments at the expense of pilot overhead.
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(a) cell-common scrambled pilot
(b) Cell-specific scrambled pilot
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(c) Cell-common and additional cell-specific
(d1) Cell-specific scrambled pilot and data
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(d2) Cell-specific scrambled pilot and data with repetition pilot
Figure 1: MBMS structures
Table 1: pros and cons of each MBMS structure
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Structure (b)

[2]

Structure (c)

[1, 2]

Structure (d1)

[Proposed]

Structure (d2)

[Proposed]

Time/Freq. domain interpolation over frames

for unicast channel estimation.

NO

YES

YES

YES

YES

No inter-cell interference in MBMS

channel estimation

YES

NO

YES

YES

YES

UE Complexity

Small

Large

Small

Small

Small

Pilot overhead in MBMS frame

Small

Small

Large

Small

Large

Time domain interpolation over frames

for MBMS channel estimation.

NO

YES

NO

YES

YES

Frequency domain interpolation over frames

for MBMS channel estimation.

YES

YES

YES

NO

YES


· Scrambling in time domain

To randomizing interferences from unicast cells at the boundary of MBMS service area, time domain scrambling is also beneficial. As we explained in the basic scheme, time domain scrambling is achieved as long as the same scrambling modulation rule at each MBMS data symbol relative to that of the relevant pilot symbol is kept among all MBMS Node Bs. Therefore, we also propose time domain scrambling scheme based on the original cell-specific scrambled pilot and data scheme (structure (d1) and (d2)) as shown in Fig. 2. 
[image: image22.emf]Sub-frame (6 OFDM symbols)

Frequency

Cell-specific 

scrambled pilot

Time domain scrambling, whose 

modulation phase relative to scrambling 

modulation of relevant pilot symbol is 

common to all cell sites, are conducted 

to MBMS data symbols

Time


Figure 2: Scrambling in time domain in structure (d1) and (d2)
· Cell-specific scrambled pilot and data structure for MIMO channel transmission
If pilot symbols are orthogonal among TX antennas in unicast frame, the proposed MBMS structures can be easily extended to MIMO pilot configurations as shown in Fig. 3. In this structure, MBMS data is group-scrambled in the same way at all TX antennas based on the pilot symbol in the group. Channel estimation for MBMS data can be calculated by adding the channel estimates from all TX antennas.
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Figure 3: MBMS structures for MIMO pilot
3. Conclusion

In this contribution, we have proposed a MBMS structure that consists of cell-specific scrambled pilot and data. The proposed structure allows a UE to equalize MBMS data without identifying a channel response from each Node-B. Thus, it realizes inter-cell interference free channel estimation without introducing an additional MBMS-specific pilot. Thus, this structure is beneficial not only to MBMS frames, but also to unicast frames. MBMS pilot structure should be considered from the viewpoint of channel estimation performance of both unicast and MBMS frames. Therefore, we believe that structure (c), (d1) and (d2) in Fig. 1 should be considered as candidates for MBMS frame structure. 
---------------------------------------- Text Proposal for TR 25.814 ----------------------------------------------------------

7.1.1.2.2
Downlink reference-signal structure

[This part is not changed.]
…
7.1.1.2.2.1
MBMS reference-signal structure
MBMS reference-signal structures should be considered from the viewpoint of

· channel estimation performance of both MBMS and unicast frames,
· UE complexity,
· reference-signal overhead.
The following structures should be considered:
· Cell-specific and additional cell-common scrambled reference-signal
(Figure 7.1.1.2.2.1-1.-(a) )
· Cell-specific scrambled reference-signal and data
(Figure 7.1.1.2.2.1-1.-(b) )
· Cell-specific scrambled reference-signal and data with repetition pilot
(Figure 7.1.1.2.2.1-1.-(c) )
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(a) Cell-common and additional cell-specific
(b) Cell-specific scrambled reference signal and data


scrambled reference signal
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(c) Cell-specific scrambled reference signal and data with repetition pilot
Figure 7.1.1.2.2.1-1. MBMS reference-signal structures
(This figure is for illustration purposes only, and the detailed position of the reference signals should be studied during Study Item phase)

-------------------------------------- End of Text Proposal for TR 25.814-----------------------------------------------------
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