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1	Introduction
The design of UL channel considered for DCH Enhancement calls for mechanisms to use 10ms radio frame to transmit DPDCH, and dynamically select 20ms if needed. The exact mechanisms for this transmission time switching are the subject of this contribution.  In particular, it is proposed to have a 10ms transmission indicator for each TFC, and instruct the physical layer to use 10ms or 20ms transmission for each TFC.
2	UL Design of DCH Enhancements
Working assumption for the design of UL with DCH enhancements requires: 
· “Adopt the UL FET-less operation, where UE transmits the voice frame over one or two radio frames
· The switch between 10 and 20 ms transmission could be e.g. based on UE power headroom
· DL FET-ACK is not needed
· The 20 ms transmission interleaves the TB over the full 20 ms TTI according to Rel’99 design.”
While the 20ms transmission is proposed to follow Rel’99 design, more details are needed for dynamic 10ms transmission. Further, the design requires a mechanism to switch between 10ms and 20ms transmission. 
2.1	Design of UL DPDCH dynamic 10ms transmission
The 10ms TTI configuration of Rel’99 may still be reused at the PHY layer for 10ms transmission of UL DPDCH.  In this scheme, the physical layer uses 10ms TTI configuration to transmit a transport block (with 20ms TTI) in the first 10ms radio frame, and blank the transport channel in the second 10ms radio frame. In other words, the actual 20ms TTI of transport channel remains unchanged, however, PHY layer uses 10ms TTI value for interleaving, multiplexing, and rate matching, and other similar physical layer procedures to transmit the transport blocks over the first 10ms radio frame, and blank the transport channels in the second radio frame. 
This way, none of the low-level physical layer operations such as interleaving, rate matching, or spreading mechanism in place today for Rel’99 require any change, aside from using 10ms TTI value to transmit the DPDCH in the first radio frame. To put it simply, TTI for DTCH with 10ms transmission still remains 20ms, consisting of two radio frames: The first radio frame uses 10ms TTI value for physical layer rate matching, multiplexing, etc, and in the second radio frame, UL DPDCH is blanked.

Proposal:  If 10ms transmission should be used for a given transport block, physical layer transmits the transport block over the first radio frame assuming the TTI is 10ms, and blanks the subsequent radio frames of the TTI.
3	Switching between 10ms and 20ms transmission
The decision between 10ms or 20ms transmission depends on a number of factors. The decision to use 10ms transmission for a TFC can be based on a number of conditions and a state machine that tracks whether 10ms transmission for a TFC should be allowed based on past measurements of UE transmit powers. The conditions to allow 10ms transmission and the state machine to track applicability of 10ms transmission are discussed next.
3.1	Concurrency of multiple transport blocks or compressed gaps 
Physical layer configuration with 10m transmission becomes complicated if two or more transport blocks are to be transmitted with different TTI values, eg., when both DTCH and DCCH channels simultaneously carry data with 20ms and 40ms TTIs, respectively. The payload with two or more transmit blocks is also often too large to be suitable for 10ms transmission. Thus, it is proposed to disallow using 10ms transmission when both DTCH and DCCH channels, with 20ms and 40ms TTIs, simultaneously carry transport blocks in one radio frame.
When it comes to TTIs with compressed mode gaps, there is not much gain from 10ms transmission, since UL rate matching already compresses the transport blocks in such TTIs. Without any gain, allowing 10ms transmission during TTIs with compressed-mode gaps increases complexity by requiring data-carrying slots to be relocated to avoid compressed-mode gaps; see for example Figure 5 of [2]. To avoid such complexities, it is proposed below to avoid 10ms transmission during TTIs with compressed mode gaps.
Proposal: A TFC shall not use 10ms transmission in a TTI if at least two transport channels have different TTI values. 
Proposal: A TFC shall not use 10ms transmission in a TTI if the TTI overlaps in time with a compressed-mode gap.
3.2	Physical-layer 10ms transmission for a given TFC   
A possible approach to define a criterion to select 10ms or 20ms physical layer TTI configuration is based on TFC selection mechanism in UE as described in Section 6.4 of [5].  Section 6.4 describes conditions that indicate whether a particular TFC is in Excess-Power state. Using UE transmitted power measurement as defined in [4], Section 6.4.2 of [5] defines a procedure to determine whether a particular TFC is in Excess-Power state, based on number of times the estimated UE transmit power needed for this TFC in past measurement periods is greater than the Maximum UE transmitter power as defined in Section 6.5 of [5].
With dynamic 10ms transmission, each TFC may be transmitted using 10ms or 20ms physical-layer TTI configuration, and the gain factors for DPDCH and DPCCH need to be defined for 10ms and 20ms configurations.  The gain factors for 10ms and 20ms configurations for each TFC may be signalled by the network for 10ms and 20ms transmissions. 
With different DPDCH and DPCCH gain factors for 10ms transmission and 20ms transmission, a procedure based on Section 6.4.2 of [5] can be defined to select 10ms or 20ms transmission as follows.
The state machine for TFC selection in Figure 11.4.1 of [6] are influenced by gain factors used to estimate UE transmit power. To avoid any impact to these state machines, or any other upper layer mechanism for TFC or rate selection (for example, selection between AMR codec adaptive rate operation), estimated UE transmit power measurements are based on gain factors for 20ms transmission.  In other words, whether or not the estimated UE transmit power for a given TFC is greater than the Maximum UE transmit power (which affects whether Elimination or Recovery criteria for the given TFC are detected) is determined using the standard gain factors according to the procedure in Section 6.4.2 of [5].
Maintain a 10ms transmission state machine with two states for each TFC, similar to state machine for state of a given TFC in Figure 11.4.1 of [6]. The two states to be maintained by this state machine are 10ms and 20ms.  The transition criteria to transition from the 10ms state to the 20ms state, and vice versa, are Restrict and Revive. 
Proposal: A state attribute for each transport format combination tracks whether 10ms transmission is applicable for that TFC or not, on a per TTI basis.

[image: ]
Figure 1: State machine to maintain TFC states with UL DPDCH dynamic 10ms transmission
The Restrict criterion is considered to be detected if the estimated transmit power needed for this TFC with 10ms transmission, calculated using the procedure of Section 6.4.2 of [5] using DPDCH and DPCCH gain factors corresponding to 10ms transmission, is greater than the Maximum UE transmitter power for at least K out of the last L successive measurement periods immediately preceding evaluation. The UE considers that the TFC is in 20ms state.
The Revive criterion is considered to be detected if the estimated transmit power needed for this TFC with 10ms transmission, calculated using the procedure of Section 6.4.2 of [5] using DPDCH and DPCCH gain factors corresponding to 10ms transmission, has not been greater than the Maximum UE transmitter power for the last M successive measurement periods immediately preceding evaluation. The UE considers that the TFC is in 10ms state.
Proposal: The transition between 10ms state and 20ms state is based on estimated UE transmit power using DPDCH and DPCCH gain factors corresponding with 10ms physical-layer TTI configuration and 20ms physical layer configuration.
The exact parameters of the dynamic 10ms transmission state machine is proposed to be configured by the network to allow for a degree of control from the network side on UE behaviour. Table 1 provides a suggested set of values for K, L, and M values. Notice that compared to X=15,Y=30, and Z=15 parameters for TFC selection state machine in Section 6.4.2 of [5], which suggests a window of 30 radio frames measurement to eliminate a TFC, the parameters of dynamic 10ms transmission allow for a faster reaction to UE transmit power requirements. These faster dynamics for dynamic 10ms transmission are justified since there are no upper-layer consequences like excessive signalling for using 10ms transmission.
Table 1: Parameters controlling physical-layer TTI configuration transitions
	K
	L
	M

	5
	10
	10




Proposal: The network signals K, L, M parameters that control the transition dynamics of the physical-layer TTI adaptation state machine.
4	Conclusions
Conditions and mechanisms to switch between 10ms and 20ms TTI were discussed. The following proposals summarize the recommendations from this document:
Proposal 1: A TFC shall not use 10ms transmission in a TTI if at least two transport channels have different TTI values. 
Proposal 2: A TFC shall not use 10ms transmission in a TTI if the TTI overlaps in time with a compressed-mode gap.
Proposal 3: A state attribute for each transport format combination  tracks whether 10ms transmission is applicable for that TFC or not, on a per TTI basis.
Proposal 4: If 10ms transmission should be used for a given transport block, physical layer transmits the transport block over the first radio frame assuming the TTI is 10ms, and blanks the subsequent radio frames of the TTI.  
Proposal 5: A state machine is introduced to maintain, for each TFC, two states, a 10ms state and a 20ms state.
Proposal 6: The transition between 10ms state and 20ms state is based on estimated UE transmit power using DPDCH and DPCCH gain factors corresponding with 10ms physical-layer TTI configuration and 20ms physical layer configuration.
Proposal 7: The network signals K, L, M parameters that control the transition dynamics of the physical-layer TTI adaptation state machine.
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