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Executive Summary
A transmit diversity mode exists within the current release 99, 4 and 5 specifications that is not correctly acknowledged as a true transmit diversity mode within 25.221.

This mode is used for transmission of non-P-CCPCH/PICH physical channels when mapped to beacon.

The performance of this mode is extremely poor for any environment with a Rician component.  This results in large performance differences between P-CCPCH/PICH when mapped to beacon, when compared to other physical channels (eg: S-CCPCH) when mapped to beacon.  Thus, the coverage of these non-PCCPCH/PICH physical channels unnecessarily limits the overall cell coverage.

The TDD standard is intended to operate well and to provide consistent behaviour in all environments; Rician environments are not excluded from this list.  However, the current use of this strange and largely-undocumented transmit diversity mode for non-PCCPCH/PICH physical channels when mapped to beacon causes non-consistent behaviour and can severely limit system performance.
It was noted in [3] that from a system perspective, adequate Tx diversity performance must be provided for all common channels.  The document assures that a method similar to SCTD is implicitly included in the specifications (for the case of S-CCPCH using default midamble allocation) and that this method then provides the desired performance.  However, it does not consider the case when common channels (such as S-CCPCH and PDSCH) are mapped to beacon-function physical channels, and it is here that the specifications are in error.
It is proposed that SCTD be applied to all beacon-function physical channels irrespective of physical channel type, and that the offending transmit diversity mode be removed from the specifications.

Background
Three types of transmit diversity are specified for TDD:-

· Open Loop Time-Switched Transmit Diversity (TSTD)

· Open Loop Space-Code Transmit Diversity (SCTD)

· Closed Loop Tx Diversity

Current release 99 and release 4 WG1 specifications allow for the use of SCTD for P-CCPCH and PICH only (SCTD for PICH is allowed only for 3.84Mcps TDD).

Therefore, with reference to [1], for physical channels other than P-CCPCH and PICH, SCTD may not be employed when mapped to beacon.  In these cases, a “special” yet un-named transmit diversity scheme is defined:-

<extract from 25.221 v3.10.0, subclause 5.5.2>

-
If SCTD antenna diversity is applied to the P-CCPCH and PICH for any beacon channel midambles m(1) and m(2) are each allocated half of the reference power. Midamble m(1) is used for the first antenna and m(2) is used for the diversity antenna. SCTD is applied to the P-CCPCH and PICH, see [9]; for all other beacon channels identical spread data sequences are transmitted on both antennas.
Thus we appear to have a Tx diversity scheme that is not acknowledged elsewhere in the specifications, in which the same signal is transmitted from two antennas in the payload sections of the burst, but different signals are used on each antenna during the midamble section of the burst (different midamble sequences, m(1) and m(2) are used).
For the purposes of this document this shall be referred to as Beacon Function Transmit Diversity mode 2 (BFTD2).  BFTD mode 1 (BFTD1) is equal to SCTD and is used for P-CCPCH and PICH when mapped to beacon.  BFTD2 is used for all other physical channels when mapped to beacon.
Upon analysing BFTD2 is becomes clear very quickly that there are severe problems:-
1. BFTD2 is not listed as a transmit diversity mode in subclause 5.4 of 25.221.

2. During the payload sections of the burst, transmission of the same signal from both antennas may be viewed as beamforming towards a direction normal to a line joining both antennas.  However, depending on whether phase calibration of the two transmit chains is- or is not- being performed, this beamformed direction may be uncontrolled.  Alternatively, beamforming using two antennas may be thought of as imposing an antenna directivity pattern in the azimuthal plane on top of an omni-directional response from a single antenna.  The pattern is a function of the separation (d) between the two antennas.  Such a resulting antenna pattern is shown in Figure 1 below for a typical diversity deployment of d=10((  (where ( is the wavelength of the carrier) :-
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Figure 1 Beam Pattern Showing Grating Lobes. d = 10λ

3. For Rician environments, the above antenna directivity pattern creates a net loss in terms of coverage throughout the cell.  The following plot illustrates this loss by means of plotting the cumulative distribution function of the antenna gain across locations in the cell.  It is clear that for a required in-service C/I, outage will be considerably worsened by the application of BFTD2.
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Figure 2 CDF Showing Cell Coverage -60° to +60°.
Blue trace – Single Antenna
Red trace – Two Antennae, d = 10λ

4. It is stated in subclause 5.5.2 of 25.221 that beacon-function physical channels have the property that no beamforming may be applied yet it is clear from Figure 1, that in the case of BFTD2, beamforming has been applied.

5. Due to the use of different sequences within the midamble portion of the burst, channel estimation is unaffected by these problems.  However, since the payload is affected, any C/I measurements made using channel estimation on the midamble may not be used to infer C/I for the payload.  Many functions within the receiver often require accurate C/I estimates for the payload symbols, yet these may not be obtained nor inferred from the midamble C/I.
Solution
An argument exists that in the case that the two radio propagation channels are wholly uncorrelated, BFTD2 does not suffer from the above-listed problems.  This is indeed true, but a generic solution is required that is able to maintain consistency of performance across different physical channel types in all environments.  Importantly, many consider key applications of TDD to be in the micro- and pico-cellular environments.  Here certainly, the assumption that a significant percentage of the cell will not experience some form of Rician component is likely not to be accurate in reality.
SCTD does not suffer from these problems due to the use of different channelisation codes on each antenna during the payload portions of the burst.  The proposed solution is therefore to adopt SCTD as the transmit diversity scheme for all physical channels that fulfil the beacon function.  The distinction between a physical channel being P-CCPCH/PICH or not is no longer used to select the transmit diversity scheme for beacon.
The proposal has the following advantages:-
1 The problems with BFTD2 are eliminated.
2 Transmit diversity mode consistency is maintained across all beacon-function physical channels, providing consistency in performance.

3 There is no need to add BFTD2 as a transmit diversity mode in subclause 5.4 of 25.221.
4 There is no impact on the UE since support for SCTD is mandatory within release 99/4/5.

Issues specific to 1.28Mcps
The problem discussed in section (2) is applicable to both TDD modes.

Additionally, the solution of section (3) is notionally applicable to both 3.84Mcps and 1.28Mcps modes.  However, the following points are noted as being specific to 1.28Mcps:-

· SCTD is not currently applicable to PICH for 1.28Mcps – this would need to be changed since PICH may be mapped to beacon.

· SCTD is currently only defined for the 2-code P-CCPCH case (resulting in 4 channelisation codes being used).  If the solution of section (3) were to be applied, SCTD would need to be defined for the case in which one physical channel is mapped to only 2 codes (as opposed to 2 physical channels being mapped to 4 codes).

Although the author company is not involved in the development of 1.28Mcps, IPWireless see no fundamental technical reason why the above cannot be included for 1.28Mcps TDD.  It is kindly requested that those more acquainted with the finer details of the 1.28Mcps specifications review this proposal with a view to solving this problem for low chip rate TDD.

The above assumes that those companies involved in 1.28Mcps TDD development have an interest in solving the issues outlined in section (2).  If not, it is proposed that the solution be adopted for 3.84Mcps only.
This document therefore does not include 1.28Mcps-specific CR’s.
Conclusion
Severe problems have been identified in terms of the performance of a largely-undocumented transmit diversity scheme that exists for non-PCCPCH/PICH physical channels when mapped to beacon.
A solution to this problem (section 3) has been proposed whereby this transmit diversity scheme is removed from the specifications, and replaced with the existing SCTD scheme for all beacon-function physical channels.  It is furthermore proposed to clarify within the specifications that the beacon function may only be fulfilled by common physical channels.
The proposed solution is applicable to both TDD modes.  However, restrictions in the current 1.28Mcps mode regarding the applicability of SCTD to PICH, and in the definition of SCTD only for the case of 2(P-CCPCH’s necessitate a review of this proposal by those interested companies.
Appropriate CR’s to 25.221 and 25.224 are presented in Annexes A and B respectively for 3.84Mcps only :-

· Annex A:  3.84Mcps CR’s to 25.221 (R99, Rel-4, Rel-5)
· Annex B:  3.84Mcps CR’s to 25.224 (R99, Rel-4, Rel-5)
It is proposed that these be accepted by WG1.
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Annex A – CR’s to 25.221, 3.84Mcps TDD

For 3.84Mcps TDD, releases 99, 4 and 5 of 25.221 must be modified.  As such three CR’s (25.221-095, 25.221-096, 25.221-097) are presented in this section.
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5.3.2.3
S-CCPCH Training sequences

The training sequences, i.e. midambles, as described in subclause 5.2.3 are used for the S-CCPCH. If an S-CCPCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH, as described in subclause 5.3.1.3.
5.3.6.3
PDSCH Training Sequences

The training sequences as described in subclause 5.2.3 are used for the PDSCH. If a PDSCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH as described in subclause 5.3.1.3.
5.4
Transmit Diversity for DL Physical Channels

Table 8 summarizes the different transmit diversity schemes for different downlink physical channel types that are described in [9].

Table 8: Application of Tx diversity schemes on downlink physical channel types
"X" – can be applied, "–" – must not be applied

	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Physical channel type
	Open loop TxDiversity
	Closed loop TxDiversity

	
	TSTD
	SCTD
	

	
	
	Beacon
	Non-Beacon
	

	P-CCPCH
	–
	X
	--
	–

	S-CCPCH
	--
	X
	--
	--

	SCH
	X
	–
	--
	–

	DPCH
	–
	--
	--
	X

	PDSCH
	–
	X
	--
	X

	PICH
	–
	X
	X
	–


5.5.2
Physical characteristics of beacon channels

The beacon channels shall have the following physical characteristics. They:

-
are transmitted with reference power;

-
are transmitted without beamforming;
-
are occupied by common physical channels only,
-
use burst type 1;

-
use midamble m(1) and m(2) exclusively in this time slot; and

-
midambles m(9) and m(10) are always left unused in this time slot, if 16 midambles are allowed in that cell.

Note that in the time slot where the P-CCPCH is transmitted only the midambles m(1) to m(8) shall be used, see 5.6.1. Thus, midambles m(9) and m(10) are always left unused in this time slot.

The reference power corresponds to the sum of the power allocated to both midambles m(1) and m(2). Two possibilities exist:

-
If SCTD antenna diversity is not applied to beacon channels all the reference power of any beacon channel is allocated to m(1).

-
If SCTD antenna diversity is applied to beacon channels, for any beacon channel midambles m(1) and m(2) are each allocated half of the reference power. Midamble m(1) is used for the first antenna and m(2) is used for the diversity antenna. SCTD (see [9]) must be applied to any beacon-function physical channel if SCTD is active within the cell..
5.7
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 depicts the midamble powers for the different channel types and midamble allocation schemes.

Note 1:
In figure 18, the codes c(1) to c(16) 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 5.6.1.
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Figure 18: Midamble powers for the different midamble allocation schemes

B.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
	x(*)
	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 codes

	1
	x(*)
	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 codes

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

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

	1
	x(*)
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5 codes

	1
	x(*)
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	6 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	7 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	8 codes

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

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

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

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	12 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.

B.5
Mapping scheme for beacon timeslots and KCell =8 Midambles.

	m1
	m2
	m3
	m4
	m5
	m6
	m7
	M8
	

	1
	x(*)
	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 codes

	1
	x(*)
	0
	1
	0
	0
	0
	0
	2 (SCTD not applied to PICH in this time slot) or 8 or 14 codes

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

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

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

	1
	x(*)
	0
	0
	0
	0
	0
	1
	6 codes or 12 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.
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5.3.2.3
S-CCPCH Training sequences

The training sequences, i.e. midambles, as described in subclause 5.2.3 are used for the S-CCPCH. If an S-CCPCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH, as described in subclause 5.3.1.3.
5.3.6.3
PDSCH Training Sequences

The training sequences as described in subclause 5.2.3 are used for the PDSCH. If a PDSCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH, as described in subclause 5.3.1.3.
5.4
Transmit Diversity for DL Physical Channels

Table 8 summarizes the different transmit diversity schemes for different downlink physical channel types that are described in [9].

Table 8: Application of Tx diversity schemes on downlink physical channel types
"X" – can be applied, "–" – must not be applied

	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Physical channel type
	Open loop TxDiversity
	Closed loop TxDiversity

	
	TSTD
	SCTD
	

	
	
	Beacon
	Non-Beacon
	

	P-CCPCH
	–
	X
	--
	–

	S-CCPCH
	--
	X
	--
	--

	SCH
	X
	--
	--
	–

	DPCH
	–
	--
	--
	X

	PDSCH
	–
	X
	--
	X

	PICH
	–
	X
	X
	–


5.5.2
Physical characteristics of beacon channels

The beacon channels shall have the following physical characteristics. They:

-
are transmitted with reference power;

-
are transmitted without beamforming;
-
are occupied by common physical channels only,
-
use burst type 1;

-
use midamble m(1) and m(2) exclusively in this time slot; and

-
midambles m(9) and m(10) are always left unused in this time slot, if 16 midambles are allowed in that cell.

Note that in the time slot where the P-CCPCH is transmitted only the midambles m(1) to m(8) shall be used, see 5.6.1. Thus, midambles m(9) and m(10) are always left unused in this time slot.

The reference power corresponds to the sum of the power allocated to both midambles m(1) and m(2). Two possibilities exist:

-
If SCTD antenna diversity is not applied to beacon channels all the reference power of any beacon channel is allocated to m(1).

-
If SCTD antenna diversity is applied to beacon channels, for any beacon channel midambles m(1) and m(2) are each allocated half of the reference power. Midamble m(1) is used for the first antenna and m(2) is used for the diversity antenna. SCTD (see [9]) must be applied to any beacon-function physical channel if SCTD is active within the cell.
5.7
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 18 depicts the midamble powers for the different channel types and midamble allocation schemes.

Note 1:
In figure 18, the codes c(1) to c(16) 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 5.6.1.
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Figure 18: Midamble powers for the different midamble allocation schemes

C.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
	x(*)
	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 codes

	1
	x(*)
	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 codes

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

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

	1
	x(*)
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5 codes

	1
	x(*)
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	6 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	7 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	8 codes

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

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

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

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	12 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. 

C.5
Mapping scheme for beacon timeslots and KCell =8 Midambles

	m1
	m2
	m3
	m4
	m5
	m6
	m7
	M8
	

	1
	x(*)
	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 codes

	1
	x(*)
	0
	1
	0
	0
	0
	0
	2 (SCTD not applied to PICH in this time slot) or 8 or 14 codes

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

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

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

	1
	x(*)
	0
	0
	0
	0
	0
	1
	6 codes or 12 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.
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5.3.2.3
S-CCPCH Training sequences

The training sequences, i.e. midambles, as described in subclause 5.2.3 are used for the S-CCPCH. If an S-CCPCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH, as described in subclause 5.3.1.3.
5.3.6.3
PDSCH Training Sequences

The training sequences as described in subclause 5.2.3 are used for the PDSCH. If a PDSCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH, as described in subclause 5.3.1.3.
5.3.9.3
HS-PDSCH Training Sequences

The training sequences as described in subclause 5.2.3 are used for the HS-PDSCH. If an HS-PDSCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH, as described in subclause 5.3.1.3.
5.3.10.3
HS-SCCH Training Sequences

The training sequences as described in subclause 5.2.3 are used for the HS-SCCH. If an HS-SCCH fulfils the beacon function then allocation of training sequences is performed in an identical manner to that for P-CCPCH, as described in subclause 5.3.1.3.
5.4
Transmit Diversity for DL Physical Channels

Table 9 summarizes the different transmit diversity schemes for different downlink physical channel types that are described in [9].

Table 9: Application of Tx diversity schemes on downlink physical channel types
"X" – can be applied, "–" – must not be applied

	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Physical channel type
	Open loop TxDiversity
	Closed loop TxDiversity

	
	TSTD
	SCTD
	

	
	
	Beacon
	Non-Beacon
	

	P-CCPCH
	–
	X
	--
	–

	S-CCPCH
	--
	X
	--
	--

	SCH
	X
	–
	--
	–

	DPCH
	–
	--
	--
	X

	PDSCH
	–
	X 
	--
	X

	PICH
	–
	X
	X
	–

	HS-SCCH
	--
	X
	--
	X

	HS-PDSCH
	--
	X
	--
	X


5.5.2
Physical characteristics of beacon channels

The beacon channels shall have the following physical characteristics. They:

-
are transmitted with reference power;

-
are transmitted without beamforming;
-
are occupied by common physical channels only,
-
use burst type 1;

-
use midamble m(1) and m(2) exclusively in this time slot; and

-
midambles m(9) and m(10) are always left unused in this time slot, if 16 midambles are allowed in that cell.

Note that in the time slot where the P-CCPCH is transmitted only the midambles m(1) to m(8) shall be used, see 5.6.1. Thus, midambles m(9) and m(10) are always left unused in this time slot.

The reference power corresponds to the sum of the power allocated to both midambles m(1) and m(2). Two possibilities exist:

-
If SCTD antenna diversity is not applied to beacon channels all the reference power of any beacon channel is allocated to m(1).

-
If SCTD antenna diversity is applied to beacon channels, for any beacon channel midambles m(1) and m(2) are each allocated half of the reference power. Midamble m(1) is used for the first antenna and m(2) is used for the diversity antenna. SCTD (see [9]) must be applied to any beacon-function physical channel if SCTD is active within the cell.
5.7
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 18 depicts the midamble powers for the different channel types and midamble allocation schemes.

Note 1:
In figure 18, the codes c(1) to c(16) 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 5.6.1.
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Figure 18: Midamble powers for the different midamble allocation schemes

C.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
	x(*)
	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 codes

	1
	x(*)
	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 codes

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

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

	1
	x(*)
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5 codes

	1
	x(*)
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	6 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	7 codes

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	8 codes

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

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

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

	1
	x(*)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	12 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. 

C.5
Mapping scheme for beacon timeslots and KCell =8 Midambles

	m1
	m2
	m3
	m4
	m5
	m6
	m7
	M8
	

	1
	x(*)
	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 codes

	1
	x(*)
	0
	1
	0
	0
	0
	0
	2 (SCTD not applied to PICH in this time slot) or 8 or 14 codes

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

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

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

	1
	x(*)
	0
	0
	0
	0
	0
	1
	6 codes or 12 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.

Annex B – CR’s to 25.224, 3.84Mcps TDD

For 3.84Mcps TDD, releases 99, 4 and 5 of 25.224 must be modified.  As such three CR’s (25.224-092, 25.224-093, 25.224-094) are presented in this section.
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4.6
Downlink Transmit Diversity

Downlink transmit diversity for beacon-function physical channels, PICH, PDSCH, DPCH, and SCH is optional in UTRAN. Its support is mandatory at the UE.
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Space Code Transmit Diversity (SCTD) for beacon channels and also for PICH when not beacon may be employed optionally in the UTRAN. The support is mandatory in the UE. The use of SCTD will be indicated by higher layers. If SCTD is applied to beacon channels then it is also applied to the PICH when PICH is not beacon. Otherwise it is not applied to either.

4.6.3.1
SCTD Transmission Scheme

The open loop downlink transmit diversity scheme for beacon channels and PICH is shown in figure 4. Channel coding, rate matching, interleaving and bit-to-symbol mapping are performed as in the non-diversity mode. In Space Code Transmit Diversity mode the data sequence is spread with the channelisation codes [image: image6.wmf])
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Figure 4: Block Diagram of the transmitter SCTD
4.6.3.2
PICH Transmission Scheme

The transmission scheme for the PICH shall be identical to that of subclause 4.6.3.1, but the channelisation code and midamble assignment depends on whether the PICH is a beacon channel:

-
If the PICH is a beacon channel, then the channelisation codes and midambles are identical to those for other beacon channels.

-
If the PICH is not a beacon channel, then higher layers shall only assign the channelisation code 
[image: image10.wmf](

)

1

16

m

k

c

=

 for the first antenna. The midamble 
[image: image11.wmf](

)

1

k

m
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4.6
Downlink Transmit Diversity

Downlink transmit diversity for beacon-function physical channels, PICH, PDSCH, DPCH, and SCH is optional in UTRAN. Its support is mandatory at the UE.

4.6.3
Transmit Diversity for Beacon Channels and PICH

Space Code Transmit Diversity (SCTD) for beacon channels and also for PICH when not beacon may be employed optionally in the UTRAN. The support is mandatory in the UE. The use of SCTD will be indicated by higher layers. If SCTD is applied to beacon channels then it is also applied to the PICH when PICH is not beacon. Otherwise it is not applied to either.

4.6.3.1
SCTD Transmission Scheme

The open loop downlink transmit diversity scheme for beacon channels and PICH is shown in figure 4. Channel coding, rate matching, interleaving and bit-to-symbol mapping are performed as in the non-diversity mode. In Space Code Transmit Diversity mode the data sequence is spread with the channelisation codes [image: image15.wmf])
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Figure 4: Block Diagram of the transmitter SCTD
4.6.3.2
PICH Transmission Scheme

The transmission scheme for the PICH shall be identical to that of subcluase 4.6.3.1, but the channelisation code and midamble assignment depends on whether the PICH is a beacon channel:

-
If the PICH is a beacon channel, then the channelisation codes and midambles are identical to those for other beacon channels.

-
If the PICH is not a beacon channel, then higher layers shall only assign the channelisation code 
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4.6
Downlink Transmit Diversity

Downlink transmit diversity for beacon-function physical channels, PICH, PDSCH, DPCH, HS-SCCH, HS-PDSCH, and SCH is optional in UTRAN. Its support is mandatory at the UE.

4.6.1
Transmit Diversity for PDSCH, DPCH, HS-SCCH and HS-PDSCH
The transmitter structure to support transmit diversity for PDSCH, DPCH, HS-SCCH, and HS-PDSCH transmission is shown in figure 1. Channel coding, interleaving and spreading are done as in non-diversity mode. The spread complex valued signal is fed to both TX antenna branches, and weighted with antenna specific weight factors w1 and w2. The weight factors are complex valued signals (i.e., wi = ai + jbi ), in general. These weight factors are calculated on a per slot and per user basis.

The weight factors are determined by the UTRAN. Examples of transmit diversity schemes are given in annex B.
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Figure 1: Downlink transmitter structure to support Transmit Diversity
for PDSCH, DPCH, HS-SCCH, and HS-PDSCH transmission (UTRAN Access Point)

4.6.3
Transmit Diversity for Beacon Channels and PICH

Space Code Transmit Diversity (SCTD) for beacon channels and also for PICH when not beacon may be employed optionally in the UTRAN. The support is mandatory in the UE. The use of SCTD will be indicated by higher layers. If SCTD is applied to beacon channels then it is also applied to the PICH when PICH is not beacon. Otherwise it is not applied to either.

4.6.3.1
SCTD Transmission Scheme

The open loop downlink transmit diversity scheme for beacon channels and PICH is shown in figure 4. Channel coding, rate matching, interleaving and bit-to-symbol mapping are performed as in the non-diversity mode. In Space Code Transmit Diversity mode the data sequence is spread with the channelisation codes [image: image25.wmf])
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 is then transmitted on the diversity antenna. The power applied to each antenna shall be equal.
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Figure 4: Block Diagram of the transmitter SCTD
4.6.3.2
PICH Transmission Scheme

The transmission scheme for the PICH shall be identical to that of subclause 4.6.3.1, but the channelisation code and midamble assignment depends on whether the PICH is a beacon channel:

-
If the PICH is a beacon channel, then the channelisation codes and midambles are identical to those for other beacon channels.

-
If the PICH is not a beacon channel, then higher layers shall only assign the channelisation code 
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