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1
Introduction

DCH Enhancement solutions are studied in TR 25.702 “Study on Dedicated Channel (DCH) enhancements for UMTS”. RAN1 has agreed to adopt UL DPCCH-based structure for uplink control design. In addition, RAN1 has also agreed as a working assumption to adopt a FET-less uplink transport channel processing scheme for DCH enhancements solution. Considerations for uplink compressed mode were presented in [1]. In this contribution, we consider those designs in compressed mode in more details. 
2
UMTS uplink compressed mode (CM)
On command from the UTRAN, a UE shall monitor cells on other FDD frequencies and on other modes and RATs that are supported by the UE. The UE capabilities define whether a UE requires compressed mode in order to monitor cells on other FDD frequencies and on other modes and RATs. A UE shall support compressed mode for all cases for which the UE indicates that compressed mode is required [4]. Two transmission time reduction methods [2] are used in uplink to achieve the compressed mode operation, namely:
a) Compressed mode by reducing the spreading factor by 2
b) Compressed mode by higher layer scheduling
The frame structure for uplink compressed frames is illustrated in Figure 1.

The transmission gap position is shown in Figure 2.

The transmission gap length (TGL) is the number of idle slots during the compressed mode transmission gap and it can be allocated from 3 to 14 slots. The maximum idle length is defined to be 7 slots per one 10 ms frame and at least 8 slots in each radio frame must be guaranteed to be transmitted.
Transmission gap position is flexible and upper layers have control of individual UE TG pattern parameters. Figure 3 shows a few TG pattern scenarios. 
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Figure 1: Frame structure in uplink compressed transmission (taken from [2])
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Figure 2: Transmission gap position (taken from [2])
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Figure 3: TG patterns in CM
3 
Design considerations 

Uplink control/ACK signalling and data channel designs in CM are presented here in more details. 
3.1 
Uplink control/ACK signalling channel

The UL DPCCH based structure for uplink control design, proposed in [3] has been agreed to be adopted for UL ACK indication solution. As one can see from Figure 4, the UL DPCCH slot format is not changed at all, but the field contents might be changed depending on the slot number index. The TFCI bits shall always be transmitted in the first 10 slots. ACK/NACK bits shall be transmitted after slot index number 9.
3.2 
Uplink transport channel multiplexing and processing
RAN1 has agreed as a working assumption to adopt the UL FET-less transport channel processing operation as the DCH enhancement solution. As one can see from Figure 5, a speech frame shall normally operate in a 10 ms TTI and in case that the UE transmit power total exceeds the maximum allowed value, the so called power limited mode, the speech transmission shall be fall back to 20 ms TTI.

3.3 
UL transmission in compressed mode (CM)

The CM here refers to the method described in Section 2 which is used for inter-frequency or inter-RAT carrier measurements in the current UMTS specification [2]. The non CM or normal mode (NM) refers to as the transmission without TG.
First we show a few CM scenarios that can be used to help understand the design. The details will be generalized later.
In Figure 6 - Figure 8, slot index is in hex format and DPDCH1 refers to the 1st half of the DPDCH speech bits in 20 ms; DPDCH2 refers to the 2nd half of the DPDCH speech bits in 20 ms. 

Scenario I: UL DPDCH/DPCCH (15 slots -10 ms TTI) transmission in NM and CM as shown in Figure 6.
Scenario II: UL DPDCH/DPCCH (30 slots -20 ms TTI) transmission in normal mode (NM) and CM as shown in Figure 7.

Scenario III: UL DPDCH/DPCCH transmission in normal mode (NM) and CM, transition from 10 ms TTI (15 slots) to 20 ms TTI (30 slots) as shown in Figure 8.

Please note that the UL DPDCH (not DPCCH) transmission in NM and CM as shown in Figure 7, follows the current R99 spreading factor reduction by 2 method. 
Please also note that in NM and CM shown in Figure 6, the power level of DPDCH is set as the reference for the DPDCH in other figures, which shall be marked as 1.0. While in Figure 7, the number 0.75 means in CM, the DPDCH is transmitting 1.5 (0.75/0.5) times more power than in the NM. 
The basic UL DPCCH transmission rules in CM are:
· UL DPCCH TFCI fields shall be transmitted in the first available 10 slots within 2 radio frames, and it may be necessary to be transmitted across the TG. 
· UL DPCCH ACK fields shall be transmitted after DL speech data is decoded successfully and when ACK needs to be transmitted. 
· Two methods may be used to group ACK command, one is to group ACK commands every two slots with boundary aligned even slot index within 20ms, that is, slot index 0,2,4,6,…,28. Another one is to group ACK commands every two available non-TG slots to effectively utilize the ACK fields.
· Given the chosen ACK grouping method, assuming the last slot number index at the end of a speech frame transmission is N, where 
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1. If ACK needs to be transmitted at or before slot number N-1, ACK shall be transmitted continuously on all non-TG slots until slot number N. 
2. If ACK needs to be transmitted at slot number N, in addition to the ACK command transmission at slot N, one more non-TG slot with ACK shall be transmitted 
3. If ACK needs to be transmitted after slot number N, first two available non-TG slots with ACK command shall be transmitted 
· NACK is always transmitted after TFCI transmission and before ACK transmission. There is a possibility NACK might never be needed at all. Either UL DPDCH or DPCCH transmission shall skip the TG slots. 
· The number of pilot bits per slot is kept unchanged in both CM and NM and there is no power boost needed for UL DPCCH pilot bits 
The basic UL DPDCH transmission rules in CM are:

· Case I: If in NM, the UL DPDCH speech frame is transmitted in 10 ms TTI (15 slots) and UE is commanded to enter CM, UE shall employ the same speech format – 15 slots within two radio frames. UL DPDCH shall be transmitted in the first available 15 slots within two consecutive radio frames, and it may be transmitted across the TG. There is no power setting change between NM and CM. An exemplary UL DPDCH/DPCCH transmission in NM and CM is presented in Figure 6.
· Case II: If in NM, the UL DPDCH speech frame is transmitted in 20 ms TTI (30 slots) and UE is commanded to enter CM, UE shall follow the current R99 time reduction methods to transmit the UL DPDCH. An exemplary UL DPDCH/DPCCH transmission with spreading factor reduction by 2 in CM and NM is presented in Figure 7.
· Case III: If in CM, UE is commanded or UE has decided to switch from 10 ms (15 slots) TTI to 20 ms TTI or vice versa, UL DPDCH transmission follows either case I or case II method in CM depending on to which TTI (10 or 20 ms) is requested to be switched.
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Figure 4: New UL DPCCH frame/slot structure
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Figure 5: UL DPDCH Transmission
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Figure 6: UL DPDCH/DPCCH (10 ms TTI -15 slots) transmission in NM and CM 
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Figure 7: UL DPDCH/DPCCH (20 ms TTI -30 slots) transmission in NM and CM
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Figure 8: UL DPDCH/DPCCH transmission in CM, transition between 10 ms TTI (15 slots) and 20 ms TTI (30 slots)
4
Conclusions
We have presented the transmission scheme in compressed mode for UL DPDCH/DPCCH design. It is shown that the design in [3] can work either in CM or non-CM situation. Hence, we propose:
Proposal 1: UL TFCI shall be transmitted in the first available 10 slots (excluding TG slots) within two consecutive radio frames in compressed mode. 
Proposal 2: In compressed mode, if the last slot number index at the end of a speech frame transmission is N, where 
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*, then:

1. If ACK needs to be transmitted at or before slot number N-1, ACK shall be transmitted continuously until slot number N.
2. If ACK needs to be transmitted at slot number N, in addition to the ACK command transmission at slot N, one more non-TG slot with ACK shall be transmitted

3. If ACK needs to be transmitted after slot number N, first two available non-TG slots with ACK command shall be transmitted.
*Within two consecutive radio frames, the first slot index is defined to be zero and the last slot index is 29 
Proposal 3: For UL FET-less operation, if in NM, the UL DPDCH speech frame is transmitted in 10 ms TTI (15 slots) and UE is commanded to enter CM, UE shall employ the same speech format – 15 slots within two radio frames, UL DPDCH shall be transmitted in the first available 15 slots within two consecutive radio frames, and it may be transmitted across the TG. There are no power changes required for NM and CM. 
Proposal 4: For UL FET-less operation, if in NM, the UL DPDCH speech frame is transmitted in 20 ms TTI (30 slots) and UE is commanded to enter CM, UE shall follow the current R99 time reduction methods to transmit the UL DPDCH  
Proposal 5: For UL FET-less operation, in CM, if UE is commanded or has decided to switch to 10 ms TTI, the UE UL DPDCH shall follow the transmission method in CM as stated in proposal 3; if UE is commanded or has decided to switch to 20 ms TTI, the UE UL DPDCH shall follow the transmission method in CM as stated in proposal 4.   

Proposal 6: In NM and CM, Node B may always decode DPDCH once at the end of 20ms TTI.
Proposal 7: In NM and CM, Node B shall terminate DL DPDCH transmission after UL DPCCH ACK command is received. Meanwhile, Node B shall terminate DL DPCCH transmission after UL DPCCH ACK command is received and after UL DPDCH speech frame is received.
5
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TGL: Transmission gap length
TGL1: Length of the 1st  transmission gap 
TGL2: Length of the 2th transmission gap
TGD: Transmission gap distance
TGSN: Transmission gap starting slot index (0-14)
TGPL: Transmission gap pattern duration



