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1 Introduction
The primary role of midambles is to allow the receiver to estimate the channel. In addition to this, in UTRA TDD, midambles may also be used to signal information related to the set of active channelisation codes in a time slot. 

For MIMO systems in general and for Code Reuse (CR) techniques in particular, each MIMO channel, linking transmitter-receiver antenna pairs needs to be estimated. This requires that there is at least one distinct midamble sequence per antenna element. The accuracy of the channel estimation process degrades as the number of distinct midamble sequences transmitted in a time slot increases. As the performance of MIMO receivers is sensitive to channel estimation errors it is highly desirable to allocate the minimum number of distinct midamble sequences per time slot.

In Rel-5, the allocation of midamble sequences is done through a mapping of channelisation codes. However, such a mapping is not applicable in MIMO transmissions as reuse of midamble sequences cannot be applied in the same manner as channelisation code reuse. A key requirement for MIMO systems is the assignment of distinct midamble sequences per antenna so that the receiver is able to estimate all MIMO channels separately. For this reason new midamble allocation schemes are required to support MIMO in UTRA TDD.

Multi-User Detectors (MUD) are used widely in UTRA TDD receivers. For optimal performance, a receiver employing MUD requires knowledge of the set of simultaneously active channelisation codes. In Rel-5, the use of the Default Midamble Allocation [4] scheme enables UEs to determine the set of channelisation codes allocated in a downlink timeslot by detecting the set of midamble sequences transmitted in that timeslot. It has been identified that it is beneficial to employ a joint MUD-MIMO receiver for MIMO transmissions in UTRA TDD [1], [2], [3]. For optimal performance, joint MIMO-MUD receivers require knowledge of the set of active channelisation codes per transmit antenna.

In Rel-5, code allocation information is signalled using the Default and Common Midamble Allocation Schemes. The extended Default and Common Allocation Schemes for MIMO need to carry information related to the set of active channelisation codes per transmit antenna. In order to transmit the same quantity of information per antenna, the midamble code sets are made four times larger, such that up to four transmit antenna are supported. However using larger midamble code sets may increase the complexity and/or lower the performance of the channel estimation process.  Alternatively, significantly less information may be signalled per antenna, keeping the same midamble code sets, but this either reduces the number of codes and antennas that can be supported or increases the complexity of UE functions that estimate the active channelisation codes for support of MUD.
In this contribution we propose a set of new midamble allocation schemes using the midamble code sets defined in Rel-5 that support MIMO in UTRA TDD. However as discussed above, this approach will restrict the amount of information regarding the set of active channelisation codes that can be signalled through midamble sequences. Hence we also propose alternative techniques to signal this information to the UE.                              
2 Midamble Allocation Schemes for MIMO
It is assumed that the Node B will not make transmissions to MIMO-capable and non-MIMO-capable UE’s within the same time slot. This ensures that non-MIMO-capable UE’s are not affected by interference that cannot be mitigated by their conventional MUD’s. In this section, we propose three midamble allocation schemes for MIMO transmissions in UTRA TDD. We assume that SF16 shall only be supported.
2.1 Fixed Midamble Allocation for MIMO
In this scheme all bursts transmitted out of the i-th antenna are allocated a fixed unique midamble sequence 
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 distinct midamble sequences are transmitted in each time slot, where 
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 denotes the number of transmit antennas. This scheme is favourable from a channel estimation perspective as it minimises errors due to interference. However, this scheme does not convey through the midamble sequences any information regarding the set of active channelisation codes. 
Table 1 gives an example of the fixed midamble allocation scheme for
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Table 1 Example of Fixed Midamble Allocation for MIMO Transmissions
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2.2 Common Midamble Allocation for MIMO
This midamble allocation scheme is related to the Common Midamble Allocation scheme defined in TS 25.221 [4]. In this allocation scheme, the set of physical channels transmitted from an antenna are allocated a common midamble sequence which is determined by the size of that set. For a given number of transmitter antennas, a function 
[image: image21.wmf](

)

i

N

i

n

i

f

m

T

,

]

[

=

 which maps the transmit antenna element index i and the number of physical channels transmitted from that antenna element,
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. This ensures that the receiver is able to determine which antenna element a midamble was transmitted from without ambiguity. However it may not be able to resolve the number of active codes on each transmit antenna without ambiguity.
For example the midamble sequences defined in TS 25.221 [4] with 
[image: image26.wmf]16

=

Cell

K

 for Burst types 1, 3 may be allocated as given in Table 2. We may define a similar mapping for
[image: image27.wmf]8

 

and

 

4

,

6

,

3

=

Cell

K

.
Table 2 Example of Common Midamble Allocation for MIMO Transmissions
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2.3 Default Midamble Allocation for MIMO

The third allocation scheme proposed is related to the Default Midamble Allocation scheme defined in TS 25.221 [4]. In this scheme, each burst is allocated a midamble sequence which is determined by the transmit antenna element it is transmitted from and its associated channelization code.  For a given number of transmit antenna elements, the association between a midamble sequence 
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. This ensures that the receiver can un-ambiguously map midambles to the transmitter antenna element they were transmitted from (however there may be ambiguity in regard to the channelisation code used). For example the midamble sequences defined in TS 25.221 [4] with 
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Table 3 Example of Default Midamble Allocation

	
[image: image81.wmf]T

N


	Channelisation Codes
	Midamble Sequences

	
	
	Ant. El. #1
	Ant. El. #2
	Ant. El. #3
	Ant. El. #4

	2
	
[image: image82.wmf])

1

(

16

c

or
[image: image83.wmf])

2

(

16

c


	
[image: image84.wmf])

1

(

m


	
[image: image85.wmf])

9

(

m


	

	
	
[image: image86.wmf])

3

(

16

c

or
[image: image87.wmf])

4

(

16

c


	
[image: image88.wmf])

2

(

m


	
[image: image89.wmf])

10

(

m


	

	
	
[image: image90.wmf])

5

(

16

c

or
[image: image91.wmf])

6

(

16

c


	
[image: image92.wmf])

3

(

m


	
[image: image93.wmf])

11

(

m


	

	
	
[image: image94.wmf])

7

(

16

c

or
[image: image95.wmf])

8

(

16

c


	
[image: image96.wmf])

4

(

m


	
[image: image97.wmf])

12

(

m


	

	
	
[image: image98.wmf])

9

(

16

c

or
[image: image99.wmf])

10

(

16

c


	
[image: image100.wmf])

5

(

m


	
[image: image101.wmf])

13

(

m


	

	
	
[image: image102.wmf])

11

(

16

c

or
[image: image103.wmf])

12

(

16

c


	
[image: image104.wmf])

6

(

m


	
[image: image105.wmf])

14

(

m


	

	
	
[image: image106.wmf])

13

(

16

c

or
[image: image107.wmf])

14

(

16

c


	
[image: image108.wmf])

7

(

m


	
[image: image109.wmf])

15

(

m


	

	
	
[image: image110.wmf])

15

(

16

c

or
[image: image111.wmf])

16

(

16

c


	
[image: image112.wmf])

8

(

m


	
[image: image113.wmf])

16

(

m


	

	4
	
[image: image114.wmf])

1

(

16

c

,
[image: image115.wmf])

2

(

16

c

,
[image: image116.wmf])

3

(

16

c

or
[image: image117.wmf])

4

(

16

c


	
[image: image118.wmf])

1

(

m


	
[image: image119.wmf])

9

(

m


	
[image: image120.wmf])

2

(

m


	
[image: image121.wmf])

10

(

m



	
	
[image: image122.wmf])

5

(

16

c

,
[image: image123.wmf])

6

(

16

c

,
[image: image124.wmf])

7

(

16

c

or
[image: image125.wmf])

8

(

16

c


	
[image: image126.wmf])

3

(

m


	
[image: image127.wmf])

11

(

m


	
[image: image128.wmf])

4

(

m


	
[image: image129.wmf])

12

(

m



	
	
[image: image130.wmf])

9

(

16

c

,
[image: image131.wmf])

10

(

16

c

,
[image: image132.wmf])

11

(

16

c

or
[image: image133.wmf])

12

(

16

c


	
[image: image134.wmf])

5

(

m


	
[image: image135.wmf])

13

(

m


	
[image: image136.wmf])

6

(

m


	
[image: image137.wmf])

14

(

m



	
	
[image: image138.wmf])

13

(

16

c

or
[image: image139.wmf])

14

(

16

c

,
[image: image140.wmf])

15

(

16

c

or
[image: image141.wmf])

16

(

16

c


	
[image: image142.wmf])

7

(

m


	
[image: image143.wmf])

15

(

m


	
[image: image144.wmf])

8

(

m


	
[image: image145.wmf])

16

(

m




3 Signaling MIMO Allocations

In order to optimally mitigate interference, a TDD MIMO receiver needs knowledge of all the codes transmitted on each of the antennas. The problem of signalling the set of codes that are used is thus exacerbated when MIMO is employed. It is not realistic to increase the number of midambles that are signalled via the default midamble allocation scheme since this will significantly reduce channel estimation performance. In this section we propose two alternative techniques that may be used to signal per antenna code allocation information to the UE’s.

3.1 Use of a broadcast channel
The proposed technique may be described as follows:

1. The Node B uses a separate broadcast channel to transmit code allocation information. This transmission is done on a non-MIMO time slot.
2. The Node B defines certain timeslots that are to be used for MIMO HSDPA transmissions. Every frame, the Node B broadcasts the code resources that are active in those MIMO HSDPA timeslots.

3. The broadcast information consists of a bitmap describing the codes that are transmitted on each antenna in each MIMO timeslot.

This broadcast technique is illustrated in Figure 1. An HS-SCCH allocation is transmitted to each UE in the timeslot at the start of the frame as per Rel-5 HSDPA. Broadcast allocation information is also transmitted at the start of the frame and this information applies to the whole frame. Note that the Node B power applied to the broadcast allocation information needs to be sufficient to broadcast only to the allocated UEs and thus does not have to be transmitted at reference power. 

[image: image146]
Figure 1 Example of broadcast code allocation information in UTRA TDD

3.2  Implicit broadcast of code allocation information using HS-SCCH
A more elegant and efficient method of signalling the code allocation information is as follows:
1. The Node B encodes the HS-SCCH allocation messages as per the message structure defined below:


[image: image147]
Figure 2 - HS-SCCH structure for implicitly broadcasting allocation information

2. The Node B encodes the HS-SCCH such that all MIMO enabled UE’s to which an allocation is made can decode allocations to all other MIMO enabled UE’s that are simultaneously active. (In Rel-5, HS-SCCH is encoded such that each UE can only decode its own allocation message.)
3. [image: image148.bmp][image: image149.bmp]As in Rel-5 the allocation messages may be in the form of a start code, a stop code and a bitmap to indicate the time slots in which the codes allocated to that UE are active [4]. In addition to this a bitmap indicating the antennas on which these codes are active will need to be sent for MIMO transmissions. If the MIMO configuration for each UE (i.e. the set of antennas on which transmission are made to a UE) is fixed over a frame, only four additional bits per UE need to be signalled on the HS-SCCH to support up to four transmit antennas. 
Note that the Node B must apply a transmission power to the HS-SCCH such that it is just sufficient for each UE that is allocated in the frame to decode the entire set of allocation messages active in the cell.

4 Conclusions

In this contribution we deal with midamble allocation for MIMO transmissions in UTRA TDD. The primary role of midambles is to allow the receiver to estimate the channel. In addition to this, in UTRA TDD, midambles may also be used to signal information related to the set of active channelisation codes in a time slot. Midamble allocation schemes currently defined in TS 25.221 [5]  are not suitable for either channel estimation or code allocation information signalling with MIMO transmissions. 
We propose three midamble allocation schemes for MIMO transmissions using midamble code sets as defined in TS 25.221 [5]. The first is a static allocation scheme that allocates fixed midambles to all bursts transmitted from each antenna. The other two schemes are related to the Common and Default midamble schemes currently defined for UTRA TDD [4]. In these schemes, the midamble allocated to a burst is a function of either the number of bursts transmitted from the corresponding transmit-antenna or a function of the corresponding channelisation code.       

The proposed Default Midamble Allocation Scheme for MIMO can only be used to signal limited information related to codes active on each antenna. However for optimal performance, joint MUD-MIMO receivers require knowledge of all the codes transmitted on each of the antennas. We have proposed two alternative techniques to signal this information to the UE’s.
This document has identified two means to signal code allocation information to UE’s, thus allowing a fixed midamble allocation scheme to be used where the midamble is not required to carry any information related to code allocation. Hence we make a text proposal for TR 25.876 capturing the Fixed Midamble Allocation Scheme and the alternative code allocation signalling schemes in Tdoc R1-040581 [6].    
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