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1	Introduction
RAN1 has agreed to specify DCH Enhancements using an uplink design that does not include UL FET, here-after refered to as the UL FET-less mode. The decision as to whether to also allow another mode of operation supporting UL FET has not been made. This contribution shows the additional UE transceiver gating opportunities possible and hence further UE current savings from inclusion of UL FET, and based on this, proposes to specify a UL FET mode.
[bookmark: OLE_LINK222]2	Comparing UL FET-less and UL FET modes
2.1 Gating analysis
The UL FET-less mode uses 10ms UL transmission followed by 10ms DTX on the UL DPDCH, to transmit voice packets that are currently transmitted over 20ms in R99. In this operation, UL DPCCH has to be transmitted if UL DPDCH is being transmitted. However, once the UL DPDCH transmission is completed in 10ms, and after DL has been decoded and acknowledged via ACK carried on UL DPCCH, then the UL DPCCH can also be DTXed. This gating of TX/RX enables UE current savings. In the case of uplink Null packets sent without CRC when UL DCCH is absent, UL DPDCH is completely gated for the entire 20ms duration, so there are opportunities to gate UL DPCCH even prior to 10ms, as early as 12 slots if downlink can be decoded and acknowledged early enough (a minimum of 10 slots of UL DPCCH transmission is still required to send the UL TFCI, followed by 2 slots for Ack). The UE gating behavior is summarized in Figure 1. Note that the UL DPDCH instantaneous transmit power has to be higher for 10ms transmission compared to 20ms transmission, but the opportunity to gate the entire UE transmitter results in a net current savings inspite of this.
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Figure 1: DTX and DRX timeline with DL FET in UL FET-less mode.
However, the 10ms UL transmission is only allowed when UE is not power headroom limited. Headroom limitation poses a risk of losing the packets, which must be combated by switching the UE to 20ms transmission. The switching must be based on an algorithm that includes some margin for unpredictability of the future channel fading. Thus, even when the UE switches to 20ms transmission, it is still quite possible that early decoding at the NodeB may be successful. The UL FET-less design allows no gating opportunity during 20ms transmission on UL DPDCH. If UL FET were allowed, the UE could DTX the uplink on receiving Ack from the NodeB. Thus, there is potential for significant UE current savings from UL FET in such situations. The gating opportunities provided by UL FET are shown in Figure 2. The UL FET design has been discussed earlier, eg, in uplink ‘option 1’ of 3GPP TR25.702, and involves repeating the 10ms UL DPDCH transmission in the next 10ms, instead of DTXing it as in the UL FET-less design; however the UL DPDCH can be DTXed at any time during its 20ms transmission if Ack for UL FET is received on the downlink. Further, UL DPCCH can also be DTXed if DL has been decoded and acknowledged by sending Ack on UL. The same UL DPCCH channel design adopted for the UL FET-less mode can also be used for the UL FET mode, with TFCI carried in the first 10 slots and Ack/Nack sent in pairs of slots after the TFCI has been transmitted. Note that with this design, the earliest possible UL transmit gating occurs after 12 slots, independent of the UL and DL TFC. In contrast, with the UL FET-less mode, such gating is only possible if the UL TFC requires a complete DTX of UL DPDCH (i.e., Null packet without CRC when DCCH is absent); any other UL TFC would require a minimum of 15 slots UL transmission prior to UL transmit gating.
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Figure 2: DTX and DRX timeline with DL FET and UL FET
2.2 Frequency of 10ms transmissions in UL FET-less mode
An algorithm for dynamic switching between 10ms and 20ms transmission on UL for UL FET-less mode is described in [1]. UL system-simulations for AMR12.2Kbps with 20 voice UEs and 4 data UEs per cell were performed with this algorithm implemented, using the K,L and M parameters as in [1]. All the other assumptions in 3GPP TR25.702 are followed, except that inter-site distance was chosen as 2.8km. The UL uses independent coding of class-A,B,C bits and RM attributes as in R99 UL in TR25.702. For each UE, the percentage of AMR Full and SID packets that used 10ms transmission is recorded. The cdf of this percentage across users is shown in Figure 3 for PA3 and VA30 channels.
We see that around 20% of UEs experience some 20ms transmissions, and around 4% of UEs are always in 20ms transmission. These UEs would not get the full battery-life savings potential of the DCH-Enhancements feature if a UL-FET mode is disallowed. This contributes to non-uniformity in user experience. The percentage of 20ms transmissions would also be high for indoor users who face extra path-loss due to building wall attenuations. Such UEs also have the potential of experiencing 20ms transmissions and reduced battery savings, unless UL FET is enabled.
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Figure 3: CDF across UEs of percentage of packets that used 10ms transmission

3	UE transceiver gating frequency from lab prototype 
A lab prototype was built implementing 20ms UL transmissions in UL FET-less mode as well as the UL FET mode outlined in Section 2.1. The lab prototype block-diagram is shown in Figure 4, and the set-up is shown in Figures 5 and 6. An MSM8960-based UE was used for the test.
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Figure 4: Lab prototype block-diagram
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Figure 5: Lab prototype set-up
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Figure 6: MSM8960-based UE used in the prototype
The percentage of time that the UE transceiver was gated was measured using this prototype. The set-up assumptions are shown in Table 1. The same propagation conditions were used for both the 20ms UL FET-less and the UL FET transmissions. 
Table 1: Setup assumptions for Lab prototype
	Parameter
	Value

	Voice activity factor
	50% on both DL and UL

	Propagation channel
	AWGN (both UL and DL)

	DL geometry
	3dB

	Number of receive antennas
	1 for UE, 2 for NodeB

	Vocoder
	AMR12.2kbps

	Active Set Size
	1

	DL BLER Target
	1%

	UL BLER target
	1% for UL FET-less mode, and 15% after 15 slots in UL FET mode

	Number of slots in each 20ms TTI after which NodeB attempts UL decoding.
	10,15,30



The transceiver gating percentage measured is shown in Table 2. The gating percentage increases by 22.5% with UL FET enabled, compared to when the UE is in 20ms transmission mode in the UL FET-less design. This translates to a substantial saving in UE current consumption. Also note that headroom limitation forcing 20ms transmissions in UL FET-less mode is possible even for non-SHO cases due to situations such as building penetration loss.
Table 2: UE Transceiver gating percentage from lab prototype measurements
	UL FET-less design with 20ms transmission
	UL FET design
	Increase in gating percentage

	21.5%
	44%
	22.5%



[bookmark: OLE_LINK79]4	Conclusions
We have demonstrated significant increase in UE transceiver gating frequency with UL FET when compared to the 20ms transmissions of the UL FET-less mode. This motivates inclusion of a UL FET mode as part of DCH Enhancements.
5	References
[1] R1-141700, “Mechanisms for UL 10ms/20ms transmission”, Qualcomm Incorporated, RAN1#76bis
image1.emf
DL DPCH

UL DPDCH

UL DPCCH

20ms

(a): DL FET, UL TFC without 10ms transmission, 

UL delivers at least 1 transport block

Waveforms

at UE

=Ack (sent in 2 slots)

NodeB DTX 

DPDCH only

UE 

decoded

TFCI in 1st

10 slots

(b):DL FET, UL TFC 

with or without 10ms transmission, UL 

not delivering any transport block

20ms

TFCI in 1st

10 slots

DTX 

(no Tr.Blk)

DTX after Ack

DL DPCH

UL DPDCH

UL DPCCH

20ms

(c): DL FET, UL TFC with 10ms transmission, UL 

delivers at least 1 transport block, Ack sent 

before 10ms

Waveforms

at UE

TFCI in 1st

10 slots

DTX after 10ms

UE 

decoded

=DL DPCCH without DL DPDCH

UE 

decoded

DTX after 10ms

Ack repeated since UL 

must be on for 10ms

10ms

20ms

(d): DL FET, UL TFC with 10ms transmission, 

UL delivers at least 1 transport block, Ack 

sent after 10ms

TFCI in 1st

10 slots

DTX 

after 

10ms

UE decoded

10ms

Ack repeated since UL 

must be on

Nacks are not shown


image2.emf
DPDCH+DPCCH

UE RX DL DPCH

(first arriving path)

T

dl-ul

=T

0

±148chips, T

0

=1024chips

10 ms 10 ms

UE TX UL

DPDCH

DPCCH

DPDCH+DPCCH

UE RX DL DPCH

(first arriving path)

T

dl-ul

=T

0

±148chips, T

0

=1024chips

10 ms 10 ms

UE

TX 

UL

DPDCH

DPCCH

Received enough to decode

Decoded, started waiting for UL Ack slot

Ack (2 

slots)

UL propagation + Ack detect + DL propagation delay

No Ack/Nack 

1

st

10 slots 

Start of DPDCH DTX

(a): Neither UL nor DL decoded early

(b): DL decoded early, UL did not

DPCCH always on to support UL

DPDCH+DPCCH

UE RX DL DPCH

(first arriving path)

T

dl-ul

=T

0

±148chips, T

0

=1024chips

10 ms

10 ms

UE

TX 

UL

DPDCH

DPCCH

Received enough to decode

Decoded, started waiting for UL Ack slot

UL propagation + Ack detect + DL propagation delay

Start of DPDCH DTX

(c): Both DL and UL decoded early; DL decoded before UL

DPCCH stays on to support UL 

till it decodes

Transmitted enough to decode

UL propagation + decode + DL-ack slot wait 

+ DL propagation delay

Ack

Start full 

DTX-DRX

(DL & UL)

DPDCH+DPCCH

UE RX DL DPCH

(first arriving path)

T

dl-ul

=T

0

±148chips, T

0

=1024chips

10 ms

10 ms

UE

TX 

UL

DPDCH

DPCCH

Received enough to decode

Decoded, started waiting for UL Ack slot

UL propagation + Ack detect + DL propagation delay

Start of full DTX-DRX (DL & UL)

(d): Both DL and UL decoded early, DL decoded after UL. 

Note: UE treats “UL Null without CRC and without DCCH” as having been decoded and Acked after 

first 10 slots of UL DPCCH, though no Ack will actually be sent on DL in this case

DPCCH stays on to 

support DL till it decodes

Transmitted enough to decode

UL propagation + decode + DL-ack slot wait 

+ DL propagation delay

Ack

Ack detect delay

Start of DPDCH DTX

DPDCH+DPCCH

Ack (2 

slots)

No Ack/Nack 

1

st

10 slots 

No Ack/Nack 

1

st

10 slots 

Ack (2 

slots)


image3.png
CDF

100%

90%

80%

0%

60%

50%

40%

30%

20%

10%

percentage of 10ms TTI - PA3

02 03 04 05 06 07 08 09 1
percentage of 10ms TTI




image4.png
CDF

100%

90%

80%

0%

60%

50%

40%

30%

20%

10%

percentage of 10ms TTI - VA

0 01 02 03 04 05 06 07 08 09 1
percertage of 10ms TTI




image5.emf
NodeB1

DRx

PRx/Tx

UE

Tx/PRx

DRx

UL

DL

Ant

Variable 

Attenuator

Downlink

Uplink

DL

Custom CE 

with 

AWGN

WCDMA+ Lab Setup 

with Custom 

Channel Emulator

DL

Duplexer


image6.jpeg




image7.jpeg




image8.jpeg




