3GPP TSG GERAN Meeting #53




       

 
  TDoc GP-120119
Hamburg, Germany, 27 Feb - 2 Mar 2012
    




Agenda Item: 7.1.5.2.3

Source: MediaTek Inc., Com-Research GmbH
VAMOS Enhancements for MS Energy Saving
1. Introduction

VAMOS, developed in Rel-9 specification, would provide lots of benefits for operators
· Reduce CAPEX and OPEX [1][2]
· Exploit the spectrum capacity with fewer TRXs
· Reduce BTS energy consumption
· Prepare the spectrum refarming to LTE/HSPA [3][4]
It should be noted that these benefits depend on the penetration rate of VAMOS MS compared to legacy MS. To promote the penetration rate of VAMOS MS, some benefits for VAMOS MS users have been studied
· Better speech QoS of VAMOS FR than legacy HR [5]
· Less call blocking probability [6]
· Higher performance of VAMOS-II than VAMOS-I and legacy SAIC [6][9]
Furthermore, in this contribution, we are considering the potential benefits for VAMOS MS energy saving, and propose a way forward for further studies. Low-power is not only the basis for key performance indicators of battery-powered MS like stand-by and talk time, but also a valuable green technology for reducing energy consumption. The present document is an update of the initial version [10], which has been presented and discussed at VAMOS telco #16 [11].
2. VAMOS Enhancements for MS energy saving
2.1  MS current consumption model

2.1.1
MS idle mode
We analyzed the current consumption profile of a reference MS for receiving a burst as follows
· RF current, say ~80 mA
· Active current (with system clocks), say ~20 mA

· Leakage current (without system clocks), say ~1 mA
Figure 1 shows the current consumption profile on the basis of this model. Because RF current is significantly higher than active and leakage current, the RF duty reduction plays the critical role for MS energy saving.

We formulate the total standby current consumption as

(RX current)*(RX duty %) + (Active current)*(Active duty %) + (Leakage current)

Figure 1 shows the standby current consumption profile on the basis of this model. Because RF current consumption in RX is significantly higher than active and leakage current, the RX duty reduction plays the critical role for standby current reduction.

[image: image1.emf]Active current

RX current

Current

Consumption

Time

Leakage current

T

B

Info bits

(1

st

half)

TS 

bits

Info bits

(2

st

half)

T

B

GP


Figure 1. Standby current consumption profile of a reference MS
2.1.2
MS dedicated mode
The current consumption of a reference MS for receiving a burst in dedicated mode is described by the same model as in idle mode. For transmitting a burst, a rather similar model is applied but with an increased RF current. 
The TX current depends on the MS transmit power level ordered by the network and possibly also on the modulation scheme used, which may affect the PA efficiency. GMSK (saturated) PA (Power Amplifier) efficiency has advantage than linear PA efficiency. The advanced technologies to improve linear PA efficiency, such as envelope tracking and polar loop, are still challenging in terms of cost and maturity at this moment. Therefore significant backoff is typically needed for linear modulation schemes transmitted by PAs used today. This needs to be taken into account during the study. However, this situation should not necessarily outrule options which require improved PAs. In general, PAs can be expected to become increasingly power and cost efficient for linear modulation schemes, which are key to achieve highest spectral efficiency in advanced radio access technologies. 
We formulated the total talk current consumption as

(TX current)*(TX duty %) + (RX current)*(RX duty %) + (Active current)*(Active duty %) + (Leakage current)
Figure 2 shows the talk current consumption profile on the basis of this model.
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Figure 2. Talk current consumption profile of a reference MS

2.2  Reduction of RF duty

The MS current consumption is strongly affected by the RF duty. Therefore we propose to consider shorter usage of the RF for receiving and/or transmitting a burst. Figure 3 shows the current consumption profile with RF duty reduction. As indicated in the Figure, this may require a modified burst mapping and even a different time mask, if shorter bursts are transmitted.
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Figure 3. Current consumption profile with RF duty reduction
2.3  Alternative burst mapping
In order to reduce RF duty, we propose the alternative VAMOS pairing 2 as Figure 2 for MS energy saving, and compared with the present VAMOS pairing 1 [7][8]. In this Figure, subchannel user 1 (u1) bits (a0 ... a115) denotes the channel bits after interleaving, which are combined with the bits (b0 ... b115) of subchannel user 2 (u2) to 116 AQPSK symbols (p0 ... p115).
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Figure 4. Alternative VAMOS pairing 2 for MS energy saving
An alternative VAMOS pairing 2 may be defined as follows
· For subchannel user 1 MS RX (enhanced VAMOS DL)
· subchannel user 1 (u1) bits (a0 ... a115) spread in 58 (A)QPSK symbols (p0 ... p57), reduced from 116 (A)QPSK symbols (p0 ... p115) of VAMOS pairing 1. RF duty of subchannel user 2 (u2) (A)QPSK symbols (p58 ... p115) can be eliminated. (RF duty %) reduction is ~1/3 effectively. It should be noted, that in this case AQPSK degenerates to QPSK, which imposes additional restrictions on user pairing and power control.
· While subchannel user 2 enters DTX, subchannel user 1 MS RX can gain the diversity between (p0 ... p57) and (p58 ... p115) with the original RF duty. The method of DTX detection needs further study for blind detection by the MS (this is expected to be feasible by independently deciding on DTX usage for the first/green and second/yellow sequence of half bursts based on the TSC of subchannel user 1).
· RF duty optimization could be dynamic upon link quality measure. That is, minimize energy consumption while good link quality, and maximize DTX performance while bad link quality. Battery status and user preference may be also taken into consideration. On this basis, the MS could decode only 1 copy (in green) for energy saving, or decode both copies (in green and yellow) for DTX performance.
· For subchannel user 1 MS TX (enhanced VAMOS UL)
· (RF duty %) reduction is as subchannel user 1 MS RX, ~1/3 effectively, but requiring a new transmit mask for shorter burst. Also the aspect of PA power efficiency, see section 2.1.2, needs careful consideration.
· subchannel user 1 MS TX can provide orthogonally-paired-in-MS (A)QPSK signals for better BTS RX performance, than the nonorthogonally-paired-in-air 2 GMSK signals of VAMOS pairing 1. The aspects of subuser multiplexing and DTX needs further study for the UL (the rationale for a training sequence to have a similar interference condition as for the payload [11], for example).
As a general aspect for both downlink and uplink, it should be taken into account that any change of the modulation scheme will also change the average usage of modulation types in the interference, which has an effect on the link performance.

In summary, we propose to study the following applications with VAMOS pairing 2 and benefits for MS
· In dedicated speech channels, longer talk time and better UL performance
· In dedicated data channels, increased efficiency for small packets
· In common control channels, higher capacity and longer standby time
Priority of the study should be given to the first point, which is directly related to VAMOS operation, where it could be considered not only for the MS, but potentially also for the BTS. The same concept of saving power consumption by concentrating the transmission to half bursts could also be fruitfully considered for paging channels and for continuous streams of low data rate point-to-point transmissions.
3. Way forward
We propose the following way forward for further studies

· Proposal 1: Companies support further studies on energy-efficient enhancements applicable for VAMOS-II MS in current Rel-11 study item, i.e. ENHVAMOS.
· Proposal 2: GERAN considers more benefits for VAMOS MS users to promote the penetration rate of VAMOS MSs, so as to support the benefits for operators

4. Conclusion
This paper started considering the VAMOS enhancements for MS energy saving. The application of VAMOS pairing 2 may provide longer standby and talk time, and also better UL performance. We also proposed the way forward for further studies, including benefit for data applications.
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