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1 Introduction
This document considers issues related to training sequences (midambles) for the 7.68Mcps TDD option. This document considers non-PRACH physical channels. A separate document considers PRACH physical channels [1].

In TDD, midambles are constructed from time shifted versions of a basic midamble sequence (where the basic midamble sequence is cell-specific). The time-shifted basic midamble sequences allow for some level of physical layer signaling to take place (for example, the midamble shift can indicate the channelisation codes that are active when default midamble mode is applied: such a feature is important for the support of transmit diversity).

The document does not consider the basic midamble sequences to be used at 7.68Mcps TDD: the actual midamble sequences used do not affect the structure and construction of the midambles themselves.

The document covers the following aspects:

· construction of training sequences from basic midamble codes. The method of construction follows the method used at 3.84Mcps: different training sequences are formed by time shifted versions of basic midamble codes. The difference between 3.84Mcps TDD and 7.68Mcps TDD lies in the numerology: for burst type 2, at 7.68Mcps, the basic midamble codes are assumed to be of length 912 chips for burst type 1/3 (cf 456 chips at 3.84Mcps) and 456 chips for burst type 2 (cf 192 chips at 3.84Mcps).

· midamble allocation for physical channels. The midamble allocation schemes used at 7.68Mcps TDD are the same as those used at 3.84Mcps TDD: default, common and UE specific midamble allocation schemes are supported.

· midamble transmit powers for physical channels are set as for 3.84Mcps TDD (i.e. there is no offset between the sum of the powers allocated to midambles in a timeslot and the sum of the powers allocated to the data payloads).

· association of midambles to channelisation codes. The association between midambles and channelisation codes that is used at 3.84Mcps is reused at 7.68Mcps TDD and is extended to a greater depth in the OVSF code tree (due to the support of SF32 at 7.68Mcps).
2 References

[1]
R1-050860 “7.68Mcps TDD: PRACH Aspects”. RAN1#42. 29 August - 2 September 2005. London, UK.
3 Text Proposal

3.1 Text Proposal for TS25.202

<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>

6.3
Midambles

[Editor’s note: describes issues related to midambles: construction method for midambles, association between midambles and channelisation codes etc.]. 
Midambles for burst types 1, 2 and 3 are created using the method applied for 3.84Mcps TDD. The basic midamble code for burst types 1 and 3 is of length 912; for burst type 2 the basic midamble code is of length 456.

Default, common and UE specific midamble modes are supported in the 7.68Mcps TDD option. The characteristics of these midamble allocations at 7.68Mcps are identical to their characteristics at 3.84Mcps. The number of active channelisation codes is signaled via midamble through an extension of the scheme applied at 3.84Mcps TDD (the extension accounts for the higher spreading factor supported at 7.68Mcps).

Midamble transmit powers are allocated as for 3.84Mcps TDD.

The association between midambles and channelisation codes for burst types 1, 2 and 3 are as shown in figure 6.3.1 for Kcell = 16, figure 6.3.2 for Kcell = 8 and figure 6.3.3 for Kcell = 4. Secondary channelisation codes are marked with a *. These associations apply both for UL and DL.


[image: image1]
Figure 6.3.1: Association of Midambles to Spreading Codes for KCell = 16

[image: image2]
Figure 6.3.2: Association of Midambles to Spreading Codes for KCell = 8

[image: image3]
Figure 6.3.3: Association of Midambles to Spreading Codes for KCell = 4
<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>

3.2 Text Proposal for TR25.809

<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>

6.4
Midambles

[Editor’s note: details basic midamble codes for 7.68Mcps option (cf section Annex A of TS 25.221) and signalling number of channelisation codes for the downlink common midamble case (cf Annex B of TS 25.221)].
6.4.1
Training Sequences

6.4.1.1
Training Sequences for non-PRACH physical channels

In this subclause, the training sequences for usage as midambles in burst type 1, 2 and 3 (see subclause 6.2.4) are defined. The training sequences, i.e. midambles, of different users active in the same cell and same time slot are cyclically shifted versions of one cell-specific single basic midamble code. The applicable basic midamble codes are given in section 6.4.2.1 and 6.4.2.2. As different basic midamble codes are required for different burst formats, section 6.4.2.1 shows the basic midamble codes mPL for burst type 1 and 3, and section 6.4.2.2 shows mPS for burst type 2. It should be noted that burst type 2 must not be mixed with burst type 1 or 3 in the same timeslot of one cell.
The basic midamble codes in section 6.4.2.1 and 6.4.2.2 are listed in hexadecimal notation. The binary form of the basic midamble code shall be derived according to table 6.4.1.1 below.

Table 6.4.1.1: Mapping of 4 binary elements [image: image4.wmf]m

i

on a single hexadecimal digit

	4 binary elements [image: image5.wmf]m
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	Mapped on hexadecimal digit

	-1 -1 -1 -1 
	0

	-1 -1 -1  1
	1

	-1 -1  1 –1
	2

	-1 -1  1  1
	3

	-1  1 -1 –1
	4

	-1  1 -1  1 
	5

	-1  1  1 –1
	6

	-1  1  1  1
	7

	 1 -1 -1 –1
	8

	 1 -1 -1  1
	9

	 1 -1  1 –1
	A

	 1 -1  1  1
	B

	 1  1 -1 –1
	C

	 1  1 -1  1
	D

	 1  1  1 –1
	E

	 1  1  1  1
	F


For each particular basic midamble code, its binary representation can be written as a vector[image: image6.wmf]P
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According to section 6.4.2.1, the size of this vector [image: image8.wmf]P
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 is P=912 for burst type 1 and 3. According to section 6.4.2.2, the size of this vector [image: image9.wmf]P
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 is P=456 for burst type 2. As QPSK modulation is used, the training sequences are transformed into a complex form, denoted as the complex vector[image: image10.wmf]P
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are derived from elements [image: image14.wmf]i
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 using equation (3):
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Hence, the elements [image: image18.wmf]i

m

 of the complex basic midamble code are alternating real and imaginary. 

To derive the required training sequences (different shifts), this vector [image: image19.wmf]P

m

 is periodically extended to the size:
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Notes on equation (4):

-
Lm:

Midamble length

-
K’:

Maximum number of different midamble shifts in a cell, when no intermediate shifts are used. This 


value depends on the midamble length.

-
K:

Maximum number of different midamble shifts in a cell, when intermediate shifts are used, K=2K'. 



This value depends on the midamble length.

-
W:

Shift between the midambles, when the number of midambles is K’.

-
(x( denotes the largest integer smaller or equal to x

Allowed values for Lm, K’ and W are given in section 6.4.2.1 and 6.4.2.2.

So we obtain a new vector [image: image21.wmf]m

 containing the periodic basic midamble sequence:
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The first P elements of this vector [image: image23.wmf]m

 are the same ones as in vector [image: image24.wmf]P

m

, the following elements repeat the beginning:
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Using this periodic basic midamble sequence [image: image27.wmf]m

 for each shift k a midamble [image: image28.wmf])
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 of length Lm is derived, which can be written as a shift specific vector:
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The Lm midamble elements [image: image30.wmf])

(

k

i

m

 are generated for each midamble of the first K’ shifts (k = 1,...,K’) based on:
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The elements of midambles for the second K’ shifts (k = (K’+1),...,K = (K’+1),...,2K’) are generated based on a slight modification of this formula introducing intermediate shifts:
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The number KCell of midambles that is supported in each cell can be smaller than K, depending on the cell size and the possible delay spreads, see section 6.4.2. The number KCell is signalled by higher layers. The midamble sequences derived according to equations (7) to (10) have complex values and are not subject to channelisation or scrambling process, i.e. the elements [image: image40.wmf])
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 represent complex chips for usage in the pulse shaping process at modulation.

The term ’a midamble code set’ or ’a midamble code family’ denotes K specific midamble codes [image: image41.wmf])
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; k=1,...,K, based on a single basic midamble code [image: image42.wmf]P
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 according to (1).

6.4.1.2
Training Sequences for PRACH physical channels
[Editor’s note: relates to section 5.3.3.3 of TS25.221].

6.4.1.3
Midamble allocation for physical channels

Midamble allocation for physical channels is identical to 3.84Mcps TDD [3 section 5.6]. The association between midambles and channelisation codes is given in section 6.4.3. 

6.4.1.4
Midamble Transmit Power

There shall be no offset between the sum of the powers allocated to all midambles in a timeslot and the sum of the powers allocated to the data symbol fields. The transmit power within a timeslot is hence constant.

The midamble transmit power of beacon channels is equal to the reference power. If SCTD is used for beacon channels, the reference power is equally divided between the midambles m(1) and m(2).

The midamble transmit power of all other physical channels depends on the midamble allocation scheme used. The following rules apply

-
In case of Default Midamble Allocation, every midamble is transmitted with the same power as the associated codes.

-
In case of Common Midamble Allocation in the downlink, the transmit power of this common midamble is such that there is no power offset between the data parts and the midamble part of the overall transmit signal within one time slot.

-
In case of UE Specific Midamble Allocation, the transmit power of the UE specific midamble is such that there is no power offset between the data parts and the midamble part of every user within one time slot.

The following figure 6.4.1.4 depicts the midamble powers for the different channel types and midamble allocation schemes.

Note 1:
In figure 6.4.1.4, the codes c(1) to c(32) represent the set of usable codes and not the set of used codes.

Note 2:
The common midamble allocation and the midamble allocation by higher layers are not applicable in those beacon time slots, in which the P-CCPCH is located, see section 6.4.1.3.
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Figure 6.4.1.4: Midamble powers for the different midamble allocation schemes

6.4.2
Basic Midamble Codes

6.4.2.1
Basic Midamble Codes for Burst Type 1 and 3

[Editor’s note: definition of basic midamble codes for burst types 1/3. K’ = 8. Relates to Annex A.1 / A.2 of 25.221].

6.4.2.2
Basic Midamble Codes for Burst Type 2

[Editor’s note: definition of basic midamble codes for burst types 2. K’ = 8. Relates to Annex A.2 of 25.221].

6.4.3
Association between midambles and channelisation codes

6.4.3.1
Association for non-PRACH physical channels

The following mapping schemes apply for the association between midambles and channelisation codes if no midamble is allocated by higher layers. These mapping schemes apply for all burst types 1,2 and 3. Secondary channelisation codes are marked with a *. These associations apply both for UL and DL.

6.4.3.1.1
Association for KCell = 16 Midambles


[image: image44]
Figure 6.4.3.1.1: Association of Midambles to Spreading Codes for KCell = 16
6.4.3.1.2
Association for KCell = 8 Midambles


[image: image45]
Figure 6.4.3.1.2: Association of Midambles to Spreading Codes for KCell = 8
6.4.3.1.3
Association for KCell = 4 Midambles


[image: image46]
Figure 6.4.3.1.3: Association of Midambles to Spreading Codes for KCell = 4
6.4.3.2
Association for PRACH physical channels

[Editor’s note: refers to section 5.3.3.5 of TS25.221]
6.4.4
Signalling of the number of channelisation codes for the DL common midamble case

The following mapping schemes shall apply for the association between the number of channelisation codes employed in a timeslot and the use of a particular midamble shift in the DL common midamble case. In the following tables the presence of a particular midamble shift is indicated by ‘1’. Midamble shifts marked with ‘0’ are left unused. Mapping schemes in section 6.4.4.4, 6.4.4.5 and 6.4.4.6 are not applicable to beacon timeslots where a P-CCPCH is present, because the default midamble allocation scheme is applied to these timeslots. Note that in the mapping schemes of sections 6.4.4.4, 6.4.4.5 and 6.4.4.6, the fixed and pre-allocated channelisation code for the beacon channel is included into the number of indicated channelisation codes.

6.4.4.1
Mapping scheme for Burst Type 1 and KCell =16 Midambles

	m1
	m2
	m3
	m4
	m5
	m6
	m7
	M8
	m9
	m10
	m11
	m12
	m13
	m14
	m15
	m16
	

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1 or 17 code 

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2 or 18 codes

	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3 or 19 codes

	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4 or 20 codes

	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5 or 21 codes

	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6 or 22 codes

	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	7 or 23 codes

	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	8 or 24 codes

	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	9 or 25 codes

	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	10 or 26 codes

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	11 or 27 codes

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	12 or 28 codes

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	13 or 29 codes

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	14 or 30 codes

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	15 or 31 codes

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	16 or 32 codes


6.4.4.2
Mapping scheme for Burst Type 1 and KCell =8 Midambles
	M1
	m2
	m3
	m4
	m5
	m6
	m7
	m8
	

	1
	0
	0
	0
	0
	0
	0
	0
	1 or 9 or 17 or 25 codes

	0
	1
	0
	0
	0
	0
	0
	0
	2 or 10 or 18 or 26 codes

	0
	0
	1
	0
	0
	0
	0
	0
	3 or 11 or 19 or 27 codes

	0
	0
	0
	1
	0
	0
	0
	0
	4 or 12 or 20 or 28 codes

	0
	0
	0
	0
	1
	0
	0
	0
	5 or 13 or 21 or 29 codes

	0
	0
	0
	0
	0
	1
	0
	0
	6 or 14 or 22 or 30 codes

	0
	0
	0
	0
	0
	0
	1
	0
	7 or 15 or 23 or 31 codes

	0
	0
	0
	0
	0
	0
	0
	1
	8 or 16 or 24 or 32 codes


6.4.4.3
Mapping scheme for Burst Type 1 and KCell =4 Midambles

	m1
	m3
	m5
	m7
	

	1
	0
	0
	0
	1 or 5 or   9 or 13 or 17 or 21 or 25 or 29 codes

	0
	1
	0
	0
	2 or 6 or 10 or 14 or 18 or 22 or 26 or 30 codes

	0
	0
	1
	0
	3 or 7 or 11 or 15 or 19 or 23 or 27 or 31 codes

	0
	0
	0
	1
	4 or 8 or 12 or 16 or 20 or 24 or 28 or 32 codes


6.4.4.4
Mapping scheme for beacon timeslots and KCell =16 Midambles

	m1
	m2
	m3
	M4
	m5
	m6
	m7
	M8
	m9
	m10
	m11
	M12
	m13
	m14
	m15
	m16
	

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1 code (see note 1)

	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2 codes (SCTD applied to beacon in this time slot, see note 2)

	1
	x(*)
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	13 or 25 codes

	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2 codes (SCTD not applied to beacon in this time slot) or 14 or 26 codes

	1
	x(*)
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3 or 15 or 27 codes

	1
	x(*)
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4 or 16 or 28 codes

	1
	x(*)
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5 or 17 or 29 codes

	1
	x(*)
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	6 or 18 or 30 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	7 or 19 or 31 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	8 or 20 or 32 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	9 or 21 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	10 or 22 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	11 or 23 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	12 or 24 codes


(*) For the case of SCTD applied to beacon, midamble shift 2 is used by the diversity antenna.

Note 1:
If only one code is present in a beacon time slot, this code is a beacon channel and the beacon channel is the only channel in this slot, by default. Therefore, only the beacon midamble(s) shall be used.

Note 2:
If SCTD is applied to the beacon and only two codes are present in a beacon time slot, the beacon channel is the only channel in this slot, by default. Therefore, only the beacon midambles shall be used. 

6.4.4.5
Mapping scheme for beacon timeslots and KCell =8 Midambles

	m1
	m2
	m3
	m4
	m5
	m6
	m7
	M8
	

	1
	0
	0
	0
	0
	0
	0
	0
	1 code (see note 1)

	1
	1
	0
	0
	0
	0
	0
	0
	2 codes (SCTD applied to beacon in this time slot, see note 2)

	1
	x(*)
	1
	0
	0
	0
	0
	0
	7 or 13 or 19 or 25 or 31 codes

	1
	0
	0
	1
	0
	0
	0
	0
	2 (SCTD not applied to beacon in this time slot) or 8 or 14 or 20 or 26 or 32 codes

	1
	x(*)
	0
	0
	1
	0
	0
	0
	3 or 9 or 15 or 21 or 27 codes

	1
	x(*)
	0
	0
	0
	1
	0
	0
	4 or 10 or 16 or 22 or 28 codes

	1
	x(*)
	0
	0
	0
	0
	1
	0
	5 or 11 or 17 or 23 or 29 codes

	1
	x(*)
	0
	0
	0
	0
	0
	1
	6 or 12 or 18 or 24 or 30 codes


(*) For the case of SCTD applied to beacon, midamble shift 2 is used by the diversity antenna.

Note 1:
If only one code is present in a beacon time slot, this code is a beacon channel and the beacon channel is the only channel in this slot, by default. Therefore, only the beacon midamble(s) shall be used.

Note 2:
If SCTD is applied to beacon and only two codes are present in a beacon time slot, the beacon channel is the only channel in this slot, by default. Therefore, only the beacon midambles shall be used. 

6.4.4.6
Mapping scheme for beacon timeslots and KCell =4 Midambles

	m1
	m3
	m5
	m7
	

	1
	0
	0
	0
	1code (see note 1)

	1
	1
	0
	0
	4 or 7 or 10 or 13 or 16 or 19 or 22 or 25 or 28 or 31 codes

	1
	0
	1
	0
	2 or 5 or 8 or 11 or 14 or 17 or 20 or 23 or 26 or 29 or 32 codes

	1
	0
	0
	1
	3 or 6 or 9 or 12 or 15 or 18 or 21 or 24 or 27 or 30 codes


Note 1:
If only one code is present in a beacon time slot, this code is a beacon channel and the beacon channel is the only channel in this slot, by default. Therefore, only the beacon midamble shall be used.

<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>
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