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1.0
Introduction

In TDD mode HSDPA signaling may either be provided by a common control transport channel signaling approach as considered in [2], or the associated dedicated physical control channel one or two step approach envisioned for FDD mode. An associated dedicated channel signaling approach in TDD is expected to have very similar signaling and architecture aspects to the FDD model. 

In the associated dedicated approach the downlink physical control channel is only required for signaling the allocation and configuration of the HS-DSCH transmission. As envisioned in FDD physical channel control fields may be defined to propagate this signaling information. The only mandatory difference between the FDD associated dedicated solution is the identification of HS-DSCH. 

In the common control channel solution considered for TDD, without the associated uplink dedicated physical channel additional downlink signaling messages are necessary for channel quality & traffic volume measurement requests and uplink physical channel allocations. This requirement results in multiple signaling messages of varying size that is inappropriate for physical channel control fields.

In FDD the high SF’s applied to the physical control channel and the repetition rate of this information restricts the size of the signaling information. In TDD even though the proposed downlink common control channel operates at the transport channel level and may be comprised of multiple resource units (codes/slots), the high signaling rate required for HS-DSCH and UL channel allocations enforces a need for efficiency.

Similar to FDD, TDD may also take advantage of the advance and simultaneous signaling concept for HS-DSCH allocations. The unused physical control fields during idle HS-DSCH periods on the associated dedicated channel are not a factor. But improved performance is still achieved by propagating H-ARQ and partial physical configuration information with the allocated HS-DSCH.

With either the associated dedicated or common a common control solution a method of controlling downlink channel quality measurements is required for efficient UE operation. In the common control approach measurements are specifically requested, and specific timeslots can be identified in the request. In the associated dedicated approach either RRC semi-static pre-configuration of active time slots or dynamic assignment using downlink physical control fields may be considered.

The TDD HSDPA common control signaling approach is discussed in section 2 and the associated dedicated signaling approach is discussed in section 3. 

2.0
TDD Downlink Common Control Channel HSDPA Signaling 

2.1
TDD Common Control Channel HSDPA Signaling Parameters 

a. UE Identification

Common control signaling requires some form of UE identification for all DL signaling messages. 

	Minimum
	Number of users supported in a TDD cell should not be restricted to <100. = 7bits

	Maximum
	C-RNTI is 16bits

	Proposed
	8 bits allows for 256 users – this is sufficient for a TDD cell


b. Message ID

Since several independent signaling messages exist in TDD explicate identities are required.

	Minimum
	UL and DL physical channel allocations must remain independent, and dynamic measurement control provides improved performance with common control channels. 3 messages = 2bits.

	Maximum
	For future extensions 3bits/8signaling messages may be considered

	Proposed
	2bits allows for the current concept (3 messages) and 1 value for extension


c. HS-DSCH physical configuration

The ability to dynamically assign specific HS-DSCH physical configurations for individual allocations is necessary.

	Minimum
	An identity specifying pre-configured physical channel information by broadcast or dedicated signaling. 4bits offers considerable flexibility and any larger value would result in unacceptable signaling overhead.

	Maximum
	For full code and slot flexibility alone requires a 16bit code bitmap for each timeslot. For 12 slots this results in 192bits. If consecutive codes are applied with 4bits for start and end code, then this is reduced to 96bits.

	Proposed
	1. The identity method has the difficulty of learning configurations upon entry to the cell over broadcast or dedicated signaling, timeslot configurations are restricted, and the dynamic reconfiguration ability is lost.

2. Default midamble allocation & burst type 2, and TFCI always in first code of the first slot for all HS-DSCH’s reduces physical configuration to the code and slot list.

3. Consecutive codes which are common to all assigned timeslots offers a considerable reduction in signaling overhead while maintaining reasonable restrictions to radio resource management.

4. Consecutive timeslots is considered too restrictive for resource management. Therefore, an allocated timeslot bitmap is proposed.

With 4 bits for the start and end code and a 12bit timeslot bitmap we have 20bits to define the HS-DSCH. Details are discussed in [4].


d. HS-PUCCH physical configuration 

Physical configuration of the uplink common control channel is necessary for H-ARQ acknowledgements, uplink traffic volume, and downlink channel quality measurements. 

	Minimum
	An identity specifying pre-configured physical channel information by broadcast or dedicated signaling. Since uplink bursts can not be shared on the common control channel unique identities are needed for each code/slot assigned. Due to the high rate of measurement reports and H-ARQ acknowledgements at least 5 bits are needed.

	Maximum
	Default midamble allocation & burst type for all HS-PUCCH’s reduces physical configuration to the code and slot list. One code and slot is sufficient for all UL common control signaling. 4bits for code & 4 for slot = 8 bits

	Proposed
	The identity method has the difficulty of learning configurations upon entry to the cell over broadcast or dedicated signaling, and the dynamic reconfiguration ability is lost. The maximum 8 bits are proposed.


e. HS-PUCCH Power Factor  

Power level of HS-PUCCH optimized by UL TS interference and quality margin.

	Minimum
	No open loop power control signaling on common control channels = 0 bits

	Maximum
	UL interference –110 to –70 dBm (6bits) and UL Target SIR (6 optional bits) = 12bits

	Proposed
	Slow changing SIR Target can be provided by dedicated RRC signaling. It is proposed to provide fast changing UL interference with each allocation = 6 bits.


f. HS-DSCH MCS level 

The MCS must be specified for each HS-DSCH transmission.

	Minimum
	A minimum 4 levels  = 2bits.

	Maximum
	A maximum of 7 levels has been analyzed in performance evaluations = 3bits. 

	Proposed
	The extra bit (at the transport level) provides improved performance – max 3 bits is proposed. 


g. HS-DSCH power level

For QAM modulation it is necessary to identify the P-CCPCH to HS-DSCH power ratio in any given TTI.

	Minimum
	If HS-DSCH power is adjusted infrequently RRC signaling can be used – 0bits

	Maximum
	HS-DSCH power is adjusted on a TTI basis – 3 bits appears reasonable to define the offset

	Proposed
	At the transport level this may be optionally signaled = 3 optional bits 


h. H-ARQ process number (N channel SAW subchannel), H-ARQ redundancy version, and H-ARQ packet number TDD parameters are proposed to be aligned with FDD.

i. PUSCH physical configuration

The ability to dynamically assign specific USCH physical configurations for individual allocations is necessary.

	Minimum
	An identity specifying pre-configured physical channel information by broadcast or dedicated signaling. 4bits offers considerable flexibility and any larger value would result in unacceptable signaling overhead.

	Maximum
	For full code and slot flexibility alone requires a 16bit code bitmap for each timeslot. For 12 slots this results in 192bits. If consecutive codes are applied with 4bits for start and end code, then this is reduced to 96bits.

	Proposed
	1. The identity method has the difficulty of learning configurations upon entry to the cell over broadcast or dedicated signaling, timeslot configurations are restricted, and the dynamic reconfiguration ability is lost.

2. Default midamble allocation & burst type, and TFCI always in first code of the first slot for all HS-USCH reduces physical configuration to the code and slot list.

3. Consecutive codes which are common to all assigned timeslots offers a considerable reduction in signaling overhead while maintaining reasonable restrictions to radio resource management.

4. Consecutive timeslots is considered too restrictive for resource management. Therefore, an allocated timeslot bitmap is proposed.

With 4 bits for the start and end code and a 12bit timeslot bitmap we have 20bits to define the USCH. Details are discussed in [4].


j. PUSCH Frame Activation

The start of the PUSCH allocation must be coordinated.

	Minimum
	PUSCH activation can be coordinated with the allocation control signal = 0 bits

	Maximum
	Frame specified with CFN = 8 bits

	Proposed
	If we can coordinate HS-DSCH activation with control signaling then we can do this for the USCH as well. 


k. PUSCH Frame Duration

The duration of the PUSCH allocation must be coordinated.

	Minimum
	The PUSCH can be allocated on a TTI basis = 0 bits

	Maximum
	8bits allows for 2 ½ seconds

	Proposed
	The PUSCH provides a low rate transmission physical resource that normally will require multiple TTI’s > 10ms to service a particular transmission. 5 bits allow for 32 frames.


l. PUSCH Power Factor 

Power level of HS-PUCCH optimized by UL TS interference and quality margin.

	Minimum
	No open loop power control signaling on common control channels = 0 bits

	Maximum
	UL interference for up to 12 slots (-110 to –70dbm) = 72bits and SIR Target (-11 to 20 in .5dB steps) = 6bits

Total 78bits.

	Proposed
	It is proposed to use broadcast and dedicated signaling for PUSCH UL OL PC = 0 bits.


m. Measurement Type 

Traffic volume, downlink channel quality, or….

	Minimum
	Always all measurements or by higher layer configuration = 0bits

	Maximum
	Traffic volume, or downlink channel quality or both with 1 value for extension = 2bits  

	Proposed
	Measurement request can be indicated by specific TV and downlink channel quality fields = 0bits


n. UL Traffic Volume Measurement Request

For UL buffer occupancy it is necessary to know what RB’s/TrCH’s to report.

	Minimum
	Always report pre-configured by RRC or all RB’s/TrCH’s allows for 0bits

	Maximum
	32 radio bearer bitmap = 32bits

	Proposed
	An indicator for when to report RRC pre-configured RB’s is proposed = 1 bit


o. DL Channel Quality Measurement Request

For DL channel quality measurement it is necessary to know which timeslots to measure.

	Minimum
	Report quality on all allowed TS = 0bits

	Maximum
	Bitmap indicating slots to measure = 14bits

	Proposed
	It is necessary to specify specific slots to reduce UE processing and power consumption. The number of slots to measure is related to the scale of the DL transmission. Maximum HS-DSCH slots is expected to be 12. Additionally the measurement request/response procedure provides for both UL buffer occupancy and DL channel quality. Therefore frequently there is no need for channel quality. An optional 12bit timeslot bitmap is proposed.


2.2
Common control signaling in advance and simultaneous to the HS-DSCH allocation
HS-DSCH allocations in TDD allow for partial advance configuration information and additional information to be signaled simultaneously with the allocated HS-DSCH transmission. The motivation to minimize overhead in the advance signaling to avoid the inefficient use of resources during idle periods does not apply to the TDD common control channel concept. An improvement in performance is realized with information associated with the transmitted data to be synchronized with the data transmission.

In TDD it is possible to signal the H-ARQ channel (N), redundancy version and sequence number control information simultaneously with the HS-DSCH transmission without any loss in reception performance. If H-ARQ control information is encoded in physical control fields, this information along with TFCI is used to decode the particular transmission. Propagating H-ARQ control information along with the transmitted data rather then in advance allocation signaling is perceived to improve performance and ease implementation issues. Alignment with FDD architecture is also achieved.

Partial configuration information of the TDD HS-DSCH may also be signaled simultaneously with the allocated HS-DSCH. For example the proposed encoding of the HS-DSCH considers consecutive codes common in all assigned slots. In this case it is only necessary to specify the first two HS-DSCH timeslots, with additional timeslots being identified in the first allocated timeslot. This may reduce advance signaling, but overall signaling overhead is increased.

Configuration or identification of the HS-PUCCH may be signaled simultaneously with the HS-DSCH transmission without any increase in signaling overhead. Since simultaneous HS-PUCCH configuration may result in H-ARQ acknowledgement latency / increased H-ARQ channels, and the HS-PUCCH will not be known for negative acknowledgement the HS-PUCCH in the allocation is preferred. 

2.3
TDD Downlink Common Control Channel Message Structure 

Several variable size downlink control messages are required in the TDD common control channel concept. The numbers in parenthesis are values for signaling physical configuration information simultaneous with HS-DSCH transmission.

	TDD Common Control DL HS-DSCH & HS-PUCCH Resource Allocation 

	Parameter
	Before HS-DSCH
	With HS-HSCH

	
	Min
	Prop
	Max
	Min
	Prop
	Max

	UE Identification
	7
	8
	16
	
	
	

	Message Type
	2
	2
	4
	
	
	

	HS-DSCH Physical Configuration
	4
	20 (16)
	96
	
	(10)
	

	HS-PUCCH Physical Configuration
	5
	8 (0)
	8
	
	(8)
	

	HS-PUCCH Power Factor
	0
	6 (0)
	6+6opt
	
	(6 opt)
	

	MCS Level
	2
	3
	3
	
	
	

	HS-DSCH power level
	0
	3 opt
	4 opt
	
	
	

	H-ARQ <N>
	
	
	
	0*
	2*
	2*

	H-ARQ Red
	
	
	
	0*
	0*
	2*

	H-ARQ Seq#
	
	
	
	2*
	6*
	12*

	Total TrCH Bits
	20
	47+3opt
	133+10opt
	N/A
	N/A
	N/A

	Total TrCH Bits with Simultaneous Signaling
	
	(29+3opt)
	
	N/A
	N/A
	N/A

	Total Physical Control Bits 
	N/A
	N/A
	N/A
	2
	11
	21

	Total Phyical Control with Simultaneuos Signaling
	N/A
	N/A
	N/A
	
	(31+6opt)
	


* Note H-ARQ signaling parameters are proposed to be aligned with FDD. Values identified are taken from [3].

	TDD Common Control DL PUSCH Resource Allocation

	Parameter
	

	
	Min
	Prop
	Max

	UE Identification
	7
	8
	16

	Message Type
	2
	2
	4

	PUSCH Physical Configuration
	4
	20
	96

	PUSCH Power Factor
	0
	0
	6+72opt

	PUSCH Frame Activation
	0
	0
	8

	PUSCH Frame Duration
	0
	5
	8

	Sync Shift
	6 Opt
	6 Opt
	6 Opt

	TrCH Bits (
	13 + 6 Opt
	35 + 6 Opt
	138 + 78 Opt


	TDD Common Control DL Measurement Request and HS-PUCCH Allocation

	Parameter
	

	
	Min
	Prop
	Max

	UE ID
	7
	8
	16

	Message ID
	2
	2
	4

	Measurement Type
	0
	0
	4

	RB list for BO
	0
	1
	32(?)

	DL channel quality TS list 
	0
	12 opt
	14

	TrCH Bits (
	6
	11 + 12 opt
	70


3.0
TDD Downlink Associated Dedicated Channel HSDPA Control Signaling 

3.1
TDD Associated Dedicated Channel HSDPA Signaling Parameters
a. UE Identification

With an associated dedicated channel identity is known, only HI (HS-DSCH Indicator) may be required. 

	Minimum
	HS-DSCH indicator is the physical configuration = 0bits

	Maximum
	A one bit indicator is enough

	Proposed
	The HS-DSCH physical configuration will suffice. 0 bits proposed.


b. HS-DSCH physical configuration

The ability to dynamically assign specific HS-DSCH physical configurations for individual allocations is necessary.

	Minimum
	An identity specifying pre-configured physical channel information by broadcast or dedicated signaling. 4bits offers considerable flexibility and any larger value would result in unacceptable signaling overhead.

	Maximum
	For full code and slot flexibility alone requires a 16bit code bitmap for each timeslot. For 12 slots this results in 192bits. If consecutive codes are applied with 4bits for start and end code, then this is reduced to 96bits.

	Proposed
	5. The identity method has the difficulty of learning configurations upon entry to the cell over broadcast or dedicated signaling, timeslot configurations are restricted, and the dynamic reconfiguration ability is lost.

6. Default midamble allocation & burst type 2, and TFCI always in first code of the first slot for all HS-DSCH’s reduces physical configuration to the code and slot list.

7. Consecutive codes which are common to all assigned timeslots offers a considerable reduction in signaling overhead while maintaining reasonable restrictions to radio resource management.

8. Consecutive timeslots is considered too restrictive for resource management. Therefore, an allocated timeslot bitmap is proposed.

With 4 bits for the start and end code and a 12bit timeslot bitmap we have 20bits to define the HS-DSCH.


c. HS-DSCH MCS level 

The MCS must be specified for each HS-DSCH transmission.

	Minimum
	A minimum 4 levels  = 2bits.

	Maximum
	A maximum of 7 levels has been analyzed in performance evaluations = 3bits. 

	Proposed
	The extra bit (at the transport level) provide improved performance – max 3 bits is proposed. 


d. HS-DSCH power level

For QAM modulation it is necessary to identify the P-CCPCH to HS-DSCH power ratio in any given TTI.

	Minimum
	If HS-DSCH power is adjusted infrequently RRC signaling can be used – 0bits

	Maximum
	HS-DSCH power is adjusted on a TTI basis – 3 bits appears reasonable to define the offset

	Proposed
	At the transport level this may be optionally signaled = 3 optional bits 


e. H-ARQ process number (N channel SAW subchannel), H-ARQ redundancy version, and H-ARQ packet number TDD parameters are proposed to be aligned with FDD.

f. DL Timeslot Channel Quality Measurement

For DL channel quality measurement it is necessary to know which timeslots to measure.

	Minimum
	It is necessary to specify specific slots to reduce UE processing and power consumption. Report quality on all timeslots assigned by RRC signaling = 0bits

	Maximum
	Bitmap indicating slots to measure = 12bits

	Proposed
	Report on RRC assigned timeslots is proposed = 0bits 


3.2
TDD Associated Dedicated Channel Signaling in Advance and Simultaneous to the HS-DSCH Allocation
As in FDD it is important to minimize associated dedicated physical control signaling. Partial configuration information of the TDD HS-DSCH may be signaled simultaneously with the allocated HS-DSCH. For example the proposed encoding of the HS-DSCH considers consecutive codes common in all assigned slots. In this case it is only necessary to specify the first two HS-DSCH timeslots, with additional timeslots being identified in the first allocated timeslot. 

	TDD HS-DSCH Advance Signaling

	First/last Code
	4 + 4 bits

	First two slots
	4 + 4 bits

	Total Advance bits
	16 bits


	TDD HS-DSCH Simultaneous Signaling

	Timeslot Bitmap
	10 bits


In TDD it is also possible to signal the H-ARQ channel (N), redundancy version and sequence number control information simultaneously with the HS-DSCH transmission without any loss in reception performance. If H-ARQ control information is encoded in physical control fields, this information along with TFCI is used to decode the particular transmission. Propagating H-ARQ control information along with the transmitted data rather then in advance allocation signaling is perceived to improve performance and ease implementation issues. Alignment with FDD architecture is also achieved.
3.3
TDD Downlink Associated Dedicated Control Signaling

In the associated dedicated channel approach only downlink control signal is required. The numbers in parenthesis are values for signaling physical configuration information simultaneous with HS-DSCH transmission.

	TDD Associated Dedicated DL HS-DSCH Resource Allocation 

	Parameter
	Before HS-DSCH
	With HS-HSCH

	
	Min
	Prop
	Max
	Min
	Prop
	Max

	UE Identification
	0
	0
	1
	
	
	

	HS-DSCH Physical Configuration
	4
	20 (16)
	96
	
	(10)
	

	MCS Level
	2
	3
	3
	
	
	

	HS-DSCH power level
	0
	3
	4
	
	
	

	DL channel quality TS list
	0
	0
	12
	
	
	

	H-ARQ <N>
	
	
	
	0*
	2*
	2*

	H-ARQ Red
	
	
	
	0*
	0*
	2*

	H-ARQ Seq#
	
	
	
	2*
	6*
	12*

	Total Physical Control Bits 
	6
	26
	116
	2
	11
	21

	Total Phyical Control with Simultaneuos Signaling
	
	(23)
	
	
	(23)
	


* Note H-ARQ signaling parameters are proposed to be aligned with FDD. Values identified are taken from [3].

4.0
Conclusion

Both the common control and associated dedicated signaling methods are perceived to be technically feasible for TDD mode. It is proposed that downlink signaling elements in sections 2.1 & 3.1, and the downlink signaling message structures in sections 2.3 & 3.3 of this paper should be incorporated into the HSDPA TR [1] section 9.1. Since a number of signaling aspects differ between TDD and FDD it is suggested that signaling descriptions have separate definitions for each mode.
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