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TFCI, TPC and SS Physical Channel Assignment Corrections for TDD
Executive Summary

Problems have been identified within the current release 99/4 and 5 specifications for TDD that can result in the channelisation codes to which TFCI/TPC/SS bits are mapped being discarded by the rate matching function.  Hence TFCI, TPC or SS bits may not be transmitted.  Solutions to this problem are analysed in this Tdoc and a way forward is presented.  Appropriate CR’s to 25.221 releases 99, 4 and 5 are included.
Background
With reference to [25.222] the current physical channel mapping scheme for TDD reorders the physical channels p=1…P (where P<=Pmax) according to the following rules:-

<Extract 1> {25.222}
“The physical layer shall assign the physical channel sequence number p to the physical channels of the CCTrCH in the respective radio frame, treating each allocated timeslot in ascending order.  If within a timeslot there are multiple physical channels they shall first be ordered in ascending order of the spreading factor (Q) and subsequently by channelisation code index (k), as shown in [9].”
Additionally, with reference to [25.221] there are rules regarding the channelisation code in a timeslot on which TFCI and TPC are transmitted:-

<Extract 2> {25.221}
“If a time slot contains the TFCI, then it is always transmitted using the first allocated channelisation code in the timeslot, according to the order in the higher layer allocation message.……………
If a TFCI is applied for a CCTrCH, TPC shall be transmitted with the same channelization codes and in the same timeslots as the TFCI. If no TFCI is applied for a CCTrCH, TPC shall be transmitted using the first allocated channelisation code and the first allocated timeslot, according to the order in the higher layer allocation message.”
Furthermore, and again with reference to [25.221], in the case of default midamble allocation there are rules regarding the ordering of channelisation codes in the higher layer allocation message:-

<Extract 3> {25.221}
“Higher layers shall allocate the channelisation codes in a particular order. Primary channelisation codes shall be allocated prior to associated secondary channelisation codes....................

In the case that secondary channelisation codes are used, secondary channelisation codes of one set shall be allocated in ascending order, with respect to their numbering.”
Similar rules apply to the channelisation codes used for TPC and (in the case of 1.28Mcps) SS bits.
It is felt that these rules are incompatible with each other for the case of default midamble allocation, resulting in the channelisation codes that host TFCI/TPC/SS not being transmitted.  An example of this is highlighted in the following section.

Illustration of Problem

Let’s consider the case where 4 SF16 codes are allocated on the downlink for one particular timeslot in a radio frame.  Default midamble allocation is used, the chip rate is 3.84Mcps and Kcell = 4.

Channelisation code numbers 1,2,3 and 4 are allocated in the higher-layer message.  The primary code is c16(4) as per annex A of [25.221].  {c16(1), c16(2), c16(3)} are all secondary codes.  The 4 codes share a midamble; m(1).

As per <extract 3>, the codes are ordered within the higher-layer allocation message with the primary code before the secondaries.  Thus, code c16(4) is the first in the message.

Now reading <extract 2>, TFCI must be transmitted on the first code as ordered within the higher-layer allocation message.  Thus, c16(4) must carry TFCI.  Knowledge of the exact location of TFCI is clearly of vital importance to the receiver and this association provides this knowledge.
Now consider the case that following rate matching, all 4 codes of the CCTrCH are not required to be transmitted.  In the notation of [25.222], Pmax=4 and P is the number of physical channels that shall be used in the frame as determined by the rate matcher.  In this case P<Pmax.

In order to determine P, the rate matcher reorders the Pmax allocated physical channels according to <extract 1> as defined in subclause 4.2.7.1 of [25.222] (with forward reference to subclause 4.2.13).

Thus, the physical channel sequence number p=1…Pmax corresponds to the reordered code sequence {c16(1), c16(2), c16(3), c16(4)}.  Upon selection of P, this set is reduced accordingly (if P<Pmax), and the code set is then reduced to the codes corresponding to physical channel sequence numbers p=1…P.  As an example, if P=2, the channelisation codes corresponding to p=1 and p=2 are c16(1) and c16(2).

Likewise, the physical channel mapper is instructed to reorder the allocated channelisation codes in order of ascending code index in exactly the same way as the rate matcher did when determining P.

Thus, we have the situation in this scenario that Pmax=4, P=2 and codes c16(1) and c16(2) will be used for transmission.  However, TFCI is located on code c16(4) and hence TFCI is not transmitted to the UE.
Similar situations exist for channelisation codes carrying TPC (and also SS bits for 1.28Mcps).
Available Options

Three solutions are considered here:-

Solution 1:

Summary:

Remove the statement that primary codes are allocated prior to secondary codes in the allocation message from TS 25.221.

Explanation:

The problem may be avoided for other midamble allocation schemes, since the ordering of codes in the allocation message may be contrived such that TFCI/TPC/SS are always transmitted.  This is done by effectively running the rate-matcher reordering scheme at layer 3 and ensuring that the first code of the allocation is equal to the first code of the RM-reordered code set.  For the case of multiple TFCI/TPC/SS transmissions within a CCTrCH, this also must to be run for each timeslot in order to maximise the number of instances of TFCI/TPC/SS transmission if desired.

However, for default midamble allocation this workaround cannot be used due to the rule of <extract 3> stating that primary codes shall always be located prior to secondary codes in the allocation message, yet it may be a secondary code that is the first code in the set following RM reordering.

Removal of the statement of <extract 3> would then solve this problem.

Advantages:

· At least one TFCI/TPC/SS-bearing channelisation code is always transmitted.

Disadvantages:

· Higher layers are restricted in terms of the ordering of the codes in the allocation message.

· A reordering process is required at layer 3 that mimics the L1 reordering.  For the case of multiple TFCI/TPC/SS per CCTrCH, this must also be run for each timeslot in order to maximise the number of transmitted TFCI/TPC/SS if desired.  This is non-trivial, cumbersome and unnecessary.

· Changes to the L1 specifications are required to remove the offending sentence from 25.221.

· Footnotes should be added to 25.331 indicating that signalling restrictions apply in terms of the ordering of codes in the allocation message(s).

Solution 2:

Summary:

Remove the reordering process at L1.

Explanation:

If the reordering process at L1 is not performed then the first code in the allocation message (on which TFCI/TPC/SS is to be transmitted), will also be the first in the physical channel sequence as used by the rate matcher.  As such, the TFCI/TPC/SS-bearing physical channel will never be discarded.

Advantages:

· At least one TFCI/TPC/SS-bearing channelisation code is always transmitted.

· L1 is simplified.

Disadvantages:

· Physical channel reordering in the current specification is also based on spreading factor (in addition to code index) and this is used to minimise the number of physical channels required.  If the reordering is removed, this functionality is also removed.

· No rule is defined for transmission of TFCI/TPC/SS on timeslots other than the first timeslot and as such there is still the potential to discard TFCI/TPC/SS bearing codes.

· Major changes to L1 specifications (25.222) are required.

Solution 3:

Summary:

Remove the association that TFCI/TPC/SS will be present on the first code in the allocation message (as per <extract 2>) and replace it with a statement similar to the following:-

“If indicated present on a given timeslot by higher layers, TFCI [or TPC/SS] shall be present on the physical channel with the lowest physical channel sequence number corresponding to that timeslot.  Physical channel sequence numbering is determined by the rate matching function and is described in 25.222.”

Explanation:

The rate matcher reordering is run when the allocation message is received and the physical channel with the lowest sequence number in each timeslot is designated by the receiver as the code on which TFCI/TPC/SS will be present, if indicated present by higher layer signalling.

Advantages:

· At least one TFCI/TPC/SS-bearing channelisation code is always transmitted.

· The number of TFCI/TPC/SS transmission instances is maximised according to the wishes of the higher layers (ie: whenever a timeslot is used by the rate matching function, and whenever TFCI/TPC/SS has been indicated as present on that timeslot, TFCI/TPC/SS shall be transmitted.  This is not necessarily the case for the other schemes).

· Due to the use of the lowest physical channel sequence number in the timeslot, the physical channel with the lowest spreading factor in that timeslot will be used for TFCI/TPC/SS transmission, thereby maximising its C/I and hence reliability.

· L3 ordering of channelisation codes in the allocation message is of no consequence and is unconstrained.

· The physical channel mapping procedure as currently specified within 25.222 is not affected.

Disadvantages:

· Changes to L1 specifications (25.221) are required.

Conclusion and Way Forward

It is clear that solution 3 above is the most elegant and complete of those presented and moreover carries no impact for higher layer specifications (the scope of the required changes is limited to WG1).  Given that the current situation is unacceptable and that some changes are inevitable, it is therefore proposed that this solution be adopted by WG1.

Appropriate CR’s to 25.221 for 3.84Mcps TDD releases 99, 4 and 5 are presented in Annex A.

Appropriate CR’s to 25.221 for 1.28Mcps TDD releases 4 and 5 are presented in Annex B.
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 are presented in this section.
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5.2.2.4
Transmission of TFCI

All burst types 1, 2 and 3 provide the possibility for transmission of TFCI.

The transmission of TFCI is negotiated at call setup and can be re-negotiated during the call. For each CCTrCH it is indicated by higher layer signalling, which TFCI format is applied. Additionally for each allocated timeslot it is signalled individually whether that timeslot carries the TFCI or not. The TFCI is always present in the first timeslot in a radio frame for each CCTrCH. If a time slot contains the TFCI, then it is always transmitted using the physical channel with the lowest physical channel sequence number (p) in that timeslot.  Physical channel sequence numbering is determined by the rate matching function and is described in [7].
The transmission of TFCI is done in the data parts of the respective physical channel. In DL the TFCI code word bits and data bits are subject to the same spreading procedure as depicted in [8]. In UL, independent of the SF that is applied to the data symbols in the burst, the data in the TFCI field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TFCI code word is to be transmitted directly adjacent to the midamble, possibly after the TPC. Figure 7 shows the position of the TFCI code word in a traffic burst in downlink. Figure 8 shows the position of the TFCI code word in a traffic burst in uplink.
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Figure 7: Position of the TFCI code word in the traffic burst in case of downlink
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Figure 8: Position of the TFCI code word in the traffic burst in case of uplink
Two examples of TFCI transmission in the case of multiple DPCHs used for a connection are given in the Figure 9 and Figure 10 below. Combinations of the two schemes shown are also applicable.
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Figure 9: Example of TFCI transmission with physical channels multiplexed in code domain
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Figure 10: Example of TFCI transmission with physical channels multiplexed in time domain
In case the Node B receives an invalid TFI combination on the DCHs mapped to one CCTrCH the procedure described in [16] shall be applied. According to this procedure DTX shall be applied to all DPCHs to which the CCTrCH is mapped to.

5.2.2.5
Transmission of TPC

All burst types 1, 2 and 3 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is done in the data parts of the traffic burst. Independent of the SF that is applied to the data symbols in the burst, the data in the TPC field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TPC information is to be transmitted directly after the midamble. Figure 11 shows the position of the TPC in a traffic burst.

For every user the TPC information shall be transmitted at least once per transmitted frame. If a TFCI is applied for a CCTrCH, TPC shall be transmitted with the same channelization codes and in the same timeslots as the TFCI. If no TFCI is applied for a CCTrCH, TPC shall be transmitted using the physical channel corresponding to physical channel sequence number p=1. Physical channel sequence numbering is determined by the rate matching function and is described in [7].
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Figure 11: Position of TPC information in the traffic burst

The length of the TPC command is one symbol. The relationship between the TPC symbol and the TPC command is shown in table 4a.

Table 4a: TPC bit pattern

	TPC Bits
	TPC command
	Meaning

	00
	'Down'
	Decrease Tx Power

	11
	'Up'
	Increase Tx Power
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5.2.2.4
Transmission of TFCI

All burst types 1, 2 and 3 provide the possibility for transmission of TFCI.

The transmission of TFCI is negotiated at call setup and can be re-negotiated during the call. For each CCTrCH it is indicated by higher layer signalling, which TFCI format is applied. Additionally for each allocated timeslot it is signalled individually whether that timeslot carries the TFCI or not. The TFCI is always present in the first timeslot in a radio frame for each CCTrCH. If a time slot contains the TFCI, then it is always transmitted using the physical channel with the lowest physical channel sequence number (p) in that timeslot.  Physical channel sequence numbering is determined by the rate matching function and is described in [7].
The transmission of TFCI is done in the data parts of the respective physical channel. In DL the TFCI code word bits and data bits are subject to the same spreading procedure as depicted in [8]. In UL, independent of the SF that is applied to the data symbols in the burst, the data in the TFCI field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TFCI code word is to be transmitted directly adjacent to the midamble, possibly after the TPC. Figure 7 shows the position of the TFCI code word in a traffic burst in downlink. Figure 8 shows the position of the TFCI code word in a traffic burst in uplink.
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Figure 7: Position of the TFCI code word in the traffic burst in case of downlink
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Figure 8: Position of the TFCI code word in the traffic burst in case of uplink
Two examples of TFCI transmission in the case of multiple DPCHs used for a connection are given in the Figure 9 and Figure 10 below. Combinations of the two schemes shown are also applicable.
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Figure 9: Example of TFCI transmission with physical channels multiplexed in code domain
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Figure 10: Example of TFCI transmission with physical channels multiplexed in time domain
In case the Node B receives an invalid TFI combination on the DCHs mapped to one CCTrCH the procedure described in [16] shall be applied. According to this procedure DTX shall be applied to all DPCHs to which the CCTrCH is mapped to.

5.2.2.5
Transmission of TPC

All burst types 1, 2 and 3 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is done in the data parts of the traffic burst. Independent of the SF that is applied to the data symbols in the burst, the data in the TPC field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TPC information is to be transmitted directly after the midamble. Figure 11 shows the position of the TPC in a traffic burst.

For every user the TPC information shall be transmitted at least once per transmitted frame. If a TFCI is applied for a CCTrCH, TPC shall be transmitted with the same channelization codes and in the same timeslots as the TFCI. If no TFCI is applied for a CCTrCH, TPC shall be transmitted using the physical channel corresponding to physical channel sequence number p=1. Physical channel sequence numbering is determined by the rate matching function and is described in [7].
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Figure 11: Position of TPC information in the traffic burst

The length of the TPC command is one symbol. The relationship between the TPC symbol and the TPC command is shown in table 4a.

Table 4a: TPC bit pattern

	TPC Bits
	TPC command
	Meaning

	00
	'Down'
	Decrease Tx Power

	11
	'Up'
	Increase Tx Power
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5.2.2.4
Transmission of TFCI

All burst types 1, 2 and 3 provide the possibility for transmission of TFCI.

The transmission of TFCI is negotiated at call setup and can be re-negotiated during the call. For each CCTrCH it is indicated by higher layer signalling, which TFCI format is applied. Additionally for each allocated timeslot it is signalled individually whether that timeslot carries the TFCI or not. The TFCI is always present in the first timeslot in a radio frame for each CCTrCH. If a time slot contains the TFCI, then it is always transmitted using the physical channel with the lowest physical channel sequence number (p) in that timeslot.  Physical channel sequence numbering is determined by the rate matching function and is described in [7].
The transmission of TFCI is done in the data parts of the respective physical channel. In DL the TFCI code word bits and data bits are subject to the same spreading procedure as depicted in [8]. In UL, independent of the SF that is applied to the data symbols in the burst, the data in the TFCI field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TFCI code word is to be transmitted directly adjacent to the midamble, possibly after the TPC. Figure 7 shows the position of the TFCI code word in a traffic burst in downlink. Figure 8 shows the position of the TFCI code word in a traffic burst in uplink.
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Figure 7: Position of the TFCI code word in the traffic burst in case of downlink
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Figure 8: Position of the TFCI code word in the traffic burst in case of uplink
Two examples of TFCI transmission in the case of multiple DPCHs used for a connection are given in the Figure 9 and Figure 10 below. Combinations of the two schemes shown are also applicable.
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Figure 9: Example of TFCI transmission with physical channels multiplexed in code domain
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Figure 10: Example of TFCI transmission with physical channels multiplexed in time domain
In case the Node B receives an invalid TFI combination on the DCHs mapped to one CCTrCH the procedure described in [16] shall be applied. According to this procedure DTX shall be applied to all DPCHs to which the CCTrCH is mapped to.

5.2.2.5
Transmission of TPC

All burst types 1, 2 and 3 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is done in the data parts of the traffic burst. Independent of the SF that is applied to the data symbols in the burst, the data in the TPC field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TPC information is to be transmitted directly after the midamble. Figure 11 shows the position of the TPC in a traffic burst.

For every user the TPC information shall be transmitted at least once per transmitted frame. If a TFCI is applied for a CCTrCH, TPC shall be transmitted with the same channelization codes and in the same timeslots as the TFCI. If no TFCI is applied for a CCTrCH, TPC shall be transmitted using the physical channel corresponding to physical channel sequence number p=1. Physical channel sequence numbering is determined by the rate matching function and is described in [7].
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Figure 11: Position of TPC information in the traffic burst

The length of the TPC command is one symbol. The relationship between the TPC symbol and the TPC command is shown in table 4a.

Table 4a: TPC bit pattern

	TPC Bits
	TPC command
	Meaning

	00
	'Down'
	Decrease Tx Power

	11
	'Up'
	Increase Tx Power
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6.2.2.1
Transmission of TFCI

The traffic burst format provides the possibility for transmission of TFCI in uplink and downlink. 

The transmission of TFCI is configured by higher Layers. For each CCTrCH it is indicated by higher layer signalling, which TFCI format is applied. Additionally for each allocated timeslot it is signalled individually whether that timeslot carries the TFCI or not. If a time slot contains the TFCI, then it is always transmitted using the physical channel with the lowest physical channel sequence number (p) in that timeslot.  Physical channel sequence numbering is determined by the rate matching function and is described in [7].
The transmission of TFCI is done in the data parts of the respective physical channel, this means that TFCI code word bits and data bits are subject to the same spreading procedure as depicted in [8]. Hence the midamble structure and length is not changed.

The TFCI code word bits are equally distributed between the two subframes and the respective data fields. The TFCI code word is to be transmitted possibly either directly adjacent to the midamble or after the SS and TPC symbols. Figure 23 shows the position of the TFCI code word in a traffic burst, if neither SS nor TPC are transmitted. Figure 24 shows the position of the TFCI code word in a traffic burst , if SS and TPC are transmitted.
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Figure 23: Position of the TFCI code word in the traffic burst in case of no TPC and SS in 1.28 Mcps TDD
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Figure 24:Position of the TFCI code word in the traffic burst in case of TPC and SS in 1.28 Mcps TDD

6.2.2.2
Transmission of TPC

The burst type for dedicated channels provides the possibility for transmission of TPC in uplink and downlink.

The transmission of TPC is done in the data parts of the traffic burst. Hence the midamble structure and length is not changed. The TPC information is to be transmitted directly after the SS information, which is transmitted after the midamble. Figure 25 shows the position of the TPC command in a traffic burst.

For every user the TPC information is to be transmitted at least once per 5ms sub-frame. If applied, transmission of TPC is done in the data parts of the traffic burst and it  is transmitted using the physical channel with the lowest physical channel sequence number (p) in the first allocated timeslot of the respective subframe. Physical channel sequence numbering is determined by the rate matching function and is described in [7]. Other allocations (more than one TPC transmission in one sub-frame) of TPC are also possible. In these cases TPC is transmitted only once in a timeslot and uses the physical channel with the lowest physical channel sequence number (p) in that timeslot. The TPC is spread with the same spreading factor (SF) and spreading code as the data parts of the respective physical channel. 
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Figure 25: Position of TPC information in the traffic burst in downlink and uplink

For the number of layer 1 symbols per channelisation code there are 3 possibilities for each channelisation code, configured by higher layers:

1)
one SS and one TPC symbol

2)
no SS and no TPC symbols

3)
16/SF SS and 16/SF TPC symbols

So, in case 3), when SF=1, there are 16 TPC symbols which correspond to 32 bits (for QPSK) and 48 bits (for 8PSK).
In the following the uplink is described only. For the description of the downlink, downlink (DL) and uplink (UL) have to be interchanged. 

Each of the TPC symbols for uplink power control in the DL will be associated with an UL time slot and an UL CCTrCH pair. This association varies with 

-
the number of allocated UL time slots and UL CCTrCHs on these time slots (time slot and CCTrCH pair) and 

-
the allocated TPC symbols in the DL. 

In case a UE has 

-
more than one channelisation code 

and/or 

-
channelisation codes being of lower spreading factor than 16 and using 16/SF SS and 16/SF TPC symbols, 

the TPC commands for each ULtime slot CCTrCH pair (all channelisation codes on that time slot belonging to the same time slot and CCTrCH pair have the same TPC command) will be distributed to the following rules:

1.
The ULtime slots and CCTrCH pairs the TPC commands are intended for will be numbered from the first to the last ULtime slot and CCTrCH pair allocated to the regarded UE (starting with 0). The number of a time slot and CCTrCH pair is smaller then the number of another time slot and CCTrCH pair within the same time slot if its spreading code with the lowest SC number according to the following table has a lower SC number then the spreading code with the lowest SC number of the other time slot and CCTrCH pair.

2.
The commanding TPC symbols on all DL CCTrCHs allocated to one UE are numbered consecutively starting with zero according to the following rules:

a)
The numbers of the TPC commands of a regarded DL time slot are lower than those of DL time slots being transmitted after that time slot 

b)
Within a DL time slot the numbers of the TPC commands of a regarded channelisation code are lower than those of channelisation codes having a higher spreading code number 

The spreading code number is defined by the following table (see[8]): 

	SC number
	SF (Q)
	Walsh code number (k)
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Note:
Spreading factors 2-8 are not used in DL

c)
Within a channelisation code numbers of the TPC commands are lower than those of TPC commands being transmitted after that time

The following equation is used to determine the UL time slot which is controlled by the regarded TPC symbol in the DL:
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where 

ULpos is the number of the controlled uplink time slot and CCTrCH pairs.

SFN’ is the system frame number counting the sub-frames. The system frame number of the radio frames (SFN) can be derived from SFN’ by 

SFN=SFN’ div 2, where div is the remainder free division operation.

NUL_PCsymbols is the number of UL TPC symbols in a sub-frame.

TPCDLpos is the number of the regarded UL TPC symbol in the DL within the sub-frame.

NULslot is the number of UL slots and CCTrCH pairs in a frame.

In Annex G two examples of the association of TPC commands to time slots and CCTrCH pairs are shown.

Coding of TPC:

The relationship between the TPC Bits and the transmitter power control command for QPSK is the same as in the 3.84Mcps TDD cf. [5.2.2.5 ‘Transmission of TPC’].

The relationship between the TPC Bits and the transmitter power control command for 8PSK is given in table 11

Table 11: TPC Bit Pattern for 8PSK

	TPC Bits
	TPC command
	Meaning

	000
	'Down'
	Decrease Tx Power

	110
	'Up'
	Increase Tx Power


6.2.2.3
Transmission of SS

The burst type for dedicated channels provides the possibility for transmission of uplink synchronisation control (ULSC).

The transmission of ULSC is done in the data parts of the traffic burst. Hence the midamble structure and length is not changed. The ULSC information is to be transmitted directly after the midamble. Figure 26 shows the position of the SS command in a traffic burst.

For every user the ULSC information shall be transmitted at least once per transmitted sub-frame. By default the following rules apply:

1.
If a TFCI is applied for a CCTrCH, the SS command(s) shall be transmitted using the same channelisation code and the same timeslots as the TFCI. 

2.
If no TFCI is applied for a CCTrCH, the SS command(s) shall be transmitted using the physical channel with the lowest physical channel sequence number (p) within the subframe. Physical channel sequence numbering is determined by the rate matching function and is described in [7].
Apart from the default rules other allocations of SS commands are possible according higher layer signalling – e.g. the transmission of more then one SS command (on more than one time slot). In these cases TPC is transmitted only once in a timeslot and uses the physical channel with the lowest physical channel sequence number (p) in that timeslot.
The SS command is spread with the same spreading factor (SF) and spreading code as the data parts of the respective physical channel.

The SS is utilised to command a timing adjustment by (k/8) Tc each M sub-frames, where Tc is the chip period. The k and M values are signalled by the network. The SS, as one of L1 signals, is to be transmitted once per 5ms sub-frame.

M (1-8) and k (1-8) can be adjusted during call setup or readjusted during the call.

Note:
The smallest step for the SS signalled by the UTRAN is 1/8 Tc. For the UE capabilities regarding the SS adjustment of the UE it is suggested to set the tolerance for the executed command to be [1/9;1/7] Tc. 
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Figure 26: Position of ULSC information in the traffic burst (downlink and uplink)

Note that for the uplink where there is no SS symbol used, the SS symbol space is reserved for future use. This can keep UL and DL slots the same structure.

For the number of layer 1 symbols there are 3 possibilities configurable for each channelisation code during the call setup:

-
one SS symbol

-
no SS symbol

-
16/SF SS symbols

So, in case 3, when SF=1, there are 16 SS symbols which correspond to 32 bits (for QPSK) and 48 bits (for 8PSK).
Each of the SS symbols in the DL will be associated with an UL time slot depending on the allocated UL time slots and the allocated SS symbols in the DL.

Note: Even though the different time slots of the UE are controlled with independent SS commands, the UE is not in need to execute SS commands leading to a deviation of more than [3] chip with respect to the average timing advance applied by the UE.

The synchronisation shift commands for each UL time slot (all channelisation codes on that time slot have the same SS command) will be distributed to the following rules:

1.
The UL time slots the SS commands are intended for will be numbered from the first to the last UL time slot occupied by the regarded UE (starting with 0) considering all CCTrCHs allocated to that UE. 

2.
The commanding SS symbols on all downlink CCTrCHs allocated to one UE are numbered consecutively starting with zero according to the following rules:

a)
The numbers of the SS commands of a regarded DL time slot are lower than those of DL time slots being transmitted after that time slot 

b)
Within a DL time slot the numbers of the SS commands of a regarded channelisation code are lower than those of channelisation codes having a bigger spreading code number 

The spreading code number is defined by the following table: (see TS 25.223)

	Spreading code number
	SF (Q)
	Walsh code number (k)

	0
	16
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c)
Within a channelisation code numbers of the SS commands are lower than those of SS commands being transmitted after that time

The following equation is used to determine the UL time slot which is controlled by the regarded SS symbol:
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where 

ULpos is the number of the controlled uplink time slot.

SFN’ is the system frame number counting the sub-frames. The system frame number of the radio frames (SFN) can be derived from SFN’ by

SFN=SFN’ div 2, where div is the remainder free division operation.

NSSsymbols is the number of SS symbols in a frame.

SSpos is the number of the regarded SS symbol within the sub-frame.

NULslot is the number of UL slots in a frame.

The relationship between the SS Bits and the SS command for QPSK is the given in table 12:

Table 12: Coding of the SS for QPSK

	SS Bits
	SS command
	Meaning

	00
	'Down'
	Decrease synchronisation shift by k/8 Tc

	11
	'Up'
	Increase synchronisation shift by k/8 Tc

	01 
	‘Do nothing’
	No change


The relationship between the SS Bits and the SS command for 8PSK is given in table 13:

Table 13: Coding of the SS for 8PSK

	SS Bits
	SS command
	Meaning

	000
	'Down'
	Decrease synchronisation shift by k/8 Tc

	110
	'Up'
	Increase synchronisation shift by k/8 Tc

	011
	‘Do nothing’
	No change
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6.2.2.1
Transmission of TFCI

The traffic burst format provides the possibility for transmission of TFCI in uplink and downlink. 

The transmission of TFCI is configured by higher Layers. For each CCTrCH it is indicated by higher layer signalling, which TFCI format is applied. Additionally for each allocated timeslot it is signalled individually whether that timeslot carries the TFCI or not. If a time slot contains the TFCI, then it is always transmitted using the physical channel with the lowest physical channel sequence number (p) in that timeslot.  Physical channel sequence numbering is determined by the rate matching function and is described in [7].
The transmission of TFCI is done in the data parts of the respective physical channel, this means that TFCI code word bits and data bits are subject to the same spreading procedure as depicted in [8]. Hence the midamble structure and length is not changed.

The TFCI code word bits are equally distributed between the two subframes and the respective data fields. The TFCI code word is to be transmitted possibly either directly adjacent to the midamble or after the SS and TPC symbols. Figure 23 shows the position of the TFCI code word in a traffic burst, if neither SS nor TPC are transmitted. Figure 24 shows the position of the TFCI code word in a traffic burst , if SS and TPC are transmitted.
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Figure 23: Position of the TFCI code word in the traffic burst in case of no TPC and SS in 1.28 Mcps TDD
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Figure 24:Position of the TFCI code word in the traffic burst in case of TPC and SS in 1.28 Mcps TDD

6.2.2.2
Transmission of TPC

The burst type for dedicated channels provides the possibility for transmission of TPC in uplink and downlink.

The transmission of TPC is done in the data parts of the traffic burst. Hence the midamble structure and length is not changed. The TPC information is to be transmitted directly after the SS information, which is transmitted after the midamble. Figure 25 shows the position of the TPC command in a traffic burst.

For every user the TPC information is to be transmitted at least once per 5ms sub-frame. If applied, transmission of TPC is done in the data parts of the traffic burst and it  is transmitted using the physical channel with the lowest physical channel sequence number (p) in the first allocated timeslot of the respective subframe. Physical channel sequence numbering is determined by the rate matching function and is described in [7]. Other allocations (more than one TPC transmission in one sub-frame) of TPC are also possible. In these cases TPC is transmitted only once in a timeslot and uses the physical channel with the lowest physical channel sequence number (p) in that timeslot. The TPC is spread with the same spreading factor (SF) and spreading code as the data parts of the respective physical channel. 
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Figure 25: Position of TPC information in the traffic burst in downlink and uplink

For the number of layer 1 symbols per channelisation code there are 3 possibilities for each channelisation code, configured by higher layers:

1)
one SS and one TPC symbol

2)
no SS and no TPC symbols

3)
16/SF SS and 16/SF TPC symbols

So, in case 3), when SF=1, there are 16 TPC symbols which correspond to 32 bits (for QPSK) and 48 bits (for 8PSK).
In the following the uplink is described only. For the description of the downlink, downlink (DL) and uplink (UL) have to be interchanged. 

Each of the TPC symbols for uplink power control in the DL will be associated with an UL time slot and an UL CCTrCH pair. This association varies with 

-
the number of allocated UL time slots and UL CCTrCHs on these time slots (time slot and CCTrCH pair) and 

-
the allocated TPC symbols in the DL. 

In case a UE has 

-
more than one channelisation code 

and/or 

-
channelisation codes being of lower spreading factor than 16 and using 16/SF SS and 16/SF TPC symbols, 

the TPC commands for each ULtime slot CCTrCH pair (all channelisation codes on that time slot belonging to the same time slot and CCTrCH pair have the same TPC command) will be distributed to the following rules:

1.
The ULtime slots and CCTrCH pairs the TPC commands are intended for will be numbered from the first to the last ULtime slot and CCTrCH pair allocated to the regarded UE (starting with 0). The number of a time slot and CCTrCH pair is smaller then the number of another time slot and CCTrCH pair within the same time slot if its spreading code with the lowest SC number according to the following table has a lower SC number then the spreading code with the lowest SC number of the other time slot and CCTrCH pair.

2.
The commanding TPC symbols on all DL CCTrCHs allocated to one UE are numbered consecutively starting with zero according to the following rules:

a)
The numbers of the TPC commands of a regarded DL time slot are lower than those of DL time slots being transmitted after that time slot 

b)
Within a DL time slot the numbers of the TPC commands of a regarded channelisation code are lower than those of channelisation codes having a higher spreading code number 

The spreading code number is defined by the following table (see[8]): 

	SC number
	SF (Q)
	Walsh code number (k)

	0
	16
	[image: image37.wmf])

1

(

16

=

=

k

Q

c



	
	...
	

	15
	16
	[image: image38.wmf])

16

(

16

=

=

k

Q

c



	16
	8
	[image: image39.wmf])

1

(

8

=

=

k

Q

c



	
	…
	

	23
	8
	[image: image40.wmf])

8

(

8

=

=

k

Q

c



	24
	4
	[image: image41.wmf])

1

(

4

=

=

k

Q

c



	
	…
	

	27
	4
	[image: image42.wmf])

4

(

4

=

=

k

Q

c



	28
	2
	[image: image43.wmf])

1

(

2

=

=

k

Q

c



	29
	2
	[image: image44.wmf])

2

(

2

=

=

k

Q

c



	30
	1
	[image: image45.wmf])

1

(

1

=

=

k

Q

c




Note:
Spreading factors 2-8 are not used in DL

c)
Within a channelisation code numbers of the TPC commands are lower than those of TPC commands being transmitted after that time

The following equation is used to determine the UL time slot which is controlled by the regarded TPC symbol in the DL:
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where 

ULpos is the number of the controlled uplink time slot and CCTrCH pairs.

SFN’ is the system frame number counting the sub-frames. The system frame number of the radio frames (SFN) can be derived from SFN’ by 

SFN=SFN’ div 2, where div is the remainder free division operation.

NUL_PCsymbols is the number of UL TPC symbols in a sub-frame.

TPCDLpos is the number of the regarded UL TPC symbol in the DL within the sub-frame.

NULslot is the number of UL slots and CCTrCH pairs in a frame.

In Annex G two examples of the association of TPC commands to time slots and CCTrCH pairs are shown.

Coding of TPC:

The relationship between the TPC Bits and the transmitter power control command for QPSK is the same as in the 3.84Mcps TDD cf. [5.2.2.5 ‘Transmission of TPC’].

The relationship between the TPC Bits and the transmitter power control command for 8PSK is given in table 12

Table 12: TPC Bit Pattern for 8PSK

	TPC Bits
	TPC command
	Meaning

	000
	'Down'
	Decrease Tx Power

	110
	'Up'
	Increase Tx Power


6.2.2.3
Transmission of SS

The burst type for dedicated channels provides the possibility for transmission of uplink synchronisation control (ULSC).

The transmission of ULSC is done in the data parts of the traffic burst. Hence the midamble structure and length is not changed. The ULSC information is to be transmitted directly after the midamble. Figure 26 shows the position of the SS command in a traffic burst.

For every user the ULSC information shall be transmitted at least once per transmitted sub-frame. By default the following rules apply:

1.
If a TFCI is applied for a CCTrCH, the SS command(s) shall be transmitted using the same channelisation code and the same timeslots as the TFCI. 

2.
If no TFCI is applied for a CCTrCH, the SS command(s) shall be transmitted using the physical channel with the lowest physical channel sequence number (p) within the subframe Physical channel sequence numbering is determined by the rate matching function and is described in [7].
Apart from the default rules other allocations of SS commands are possible according higher layer signalling – e.g. the transmission of more then one SS command (on more than one time slot). .In these cases TPC is transmitted only once in a timeslot and uses the physical channel with the lowest physical channel sequence number (p) in that timeslot.
The SS command is spread with the same spreading factor (SF) and spreading code as the data parts of the respective physical channel.

The SS is utilised to command a timing adjustment by (k/8) Tc each M sub-frames, where Tc is the chip period. The k and M values are signalled by the network. The SS, as one of L1 signals, is to be transmitted once per 5ms sub-frame.

M (1-8) and k (1-8) can be adjusted during call setup or readjusted during the call.

Note:
The smallest step for the SS signalled by the UTRAN is 1/8 Tc. For the UE capabilities regarding the SS adjustment of the UE it is suggested to set the tolerance for the executed command to be [1/9;1/7] Tc. 
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Figure 26: Position of ULSC information in the traffic burst (downlink and uplink)

Note that for the uplink where there is no SS symbol used, the SS symbol space is reserved for future use. This can keep UL and DL slots the same structure.

For the number of layer 1 symbols there are 3 possibilities configurable for each channelisation code during the call setup:

-
one SS symbol

-
no SS symbol

-
16/SF SS symbols

So, in case 3, when SF=1, there are 16 SS symbols which correspond to 32 bits (for QPSK) and 48 bits (for 8PSK).
Each of the SS symbols in the DL will be associated with an UL time slot depending on the allocated UL time slots and the allocated SS symbols in the DL.

Note: Even though the different time slots of the UE are controlled with independent SS commands, the UE is not in need to execute SS commands leading to a deviation of more than [3] chip with respect to the average timing advance applied by the UE.

The synchronisation shift commands for each UL time slot (all channelisation codes on that time slot have the same SS command) will be distributed to the following rules:

1.
The UL time slots the SS commands are intended for will be numbered from the first to the last UL time slot occupied by the regarded UE (starting with 0) considering all CCTrCHs allocated to that UE. 

2.
The commanding SS symbols on all downlink CCTrCHs allocated to one UE are numbered consecutively starting with zero according to the following rules:

a)
The numbers of the SS commands of a regarded DL time slot are lower than those of DL time slots being transmitted after that time slot 

b)
Within a DL time slot the numbers of the SS commands of a regarded channelisation code are lower than those of channelisation codes having a bigger spreading code number 

The spreading code number is defined by the following table: (see TS 25.223)

	Spreading code number
	SF (Q)
	Walsh code number (k)

	0
	16
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c)
Within a channelisation code numbers of the SS commands are lower than those of SS commands being transmitted after that time

The following equation is used to determine the UL time slot which is controlled by the regarded SS symbol:
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where 

ULpos is the number of the controlled uplink time slot.

SFN’ is the system frame number counting the sub-frames. The system frame number of the radio frames (SFN) can be derived from SFN’ by

SFN=SFN’ div 2, where div is the remainder free division operation.

NSSsymbols is the number of SS symbols in a frame.

SSpos is the number of the regarded SS symbol within the sub-frame.

NULslot is the number of UL slots in a frame.

The relationship between the SS Bits and the SS command for QPSK is the given in table 13:

Table 13: Coding of the SS for QPSK

	SS Bits
	SS command
	Meaning

	00
	'Down'
	Decrease synchronisation shift by k/8 Tc

	11
	'Up'
	Increase synchronisation shift by k/8 Tc

	01 
	‘Do nothing’
	No change


The relationship between the SS Bits and the SS command for 8PSK is given in table 14:

Table 14: Coding of the SS for 8PSK

	SS Bits
	SS command
	Meaning

	000
	'Down'
	Decrease synchronisation shift by k/8 Tc

	110
	'Up'
	Increase synchronisation shift by k/8 Tc

	011
	‘Do nothing’
	No change
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