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1 Introduction

During RAN1#74b [1], the following working assumption for the purpose of further evaluation was made :

· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery 
This contribution studies power consumption of RRC_IDLE UEs under various discovery scenarios.
2 Discussion

D2D UEs participating in discovery is expected to consume additional power in comparison to UEs not participating in discovery. The amount of additional power consumed is expected to be dependent on parameters such as discovery interval, discovery period, number of discovery signal transmissions per discovery interval and whether a UE is participating in intra-cell discovery or inter-cell discovery. 

For the purpose of analysis, define
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: discovery period
 in terms of number of subframes (see Figure 1). 
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: discovery interval
 in terms of number of subframes (see Figure 1)
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:  RF tuning time in terms of number of subframes for inter-frequency discovery/RF tuning time for tuning back to serving cell frequency
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:  time in terms of number of sub frames accumulated for timing/frequency synchronisation for intra-cell/inter-cell discovery
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: discovery signal transmission time within discovery interval in terms of number of subframes

· 
[image: image6.wmf]RX_disc

P

 :  discovery message receiving power per subframe
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 :  discovery message transmission power per subframe
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 :  sync signal receiving power per subframe
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 :  RF tuning power per subframe
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: additional power per subframe per intra-cell or synchronous inter-cell discovery
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: additional power per subframe per neighbour cell for asynchronous inter-cell intra-frequency discovery
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: additional power per subframe per neighbour cell for asynchronous inter-cell inter-frequency discovery
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:  power consumed by a RRC_IDLE UE not participating in discovery per subframe
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Figure 1: UE behaviour for intra-cell/inter-cell discovery.
In RRC_IDLE state, DRX cycle for monitoring DL for paging lies between 0.32s and 2.56s. According to the working assumption in Section A.2.1.6 of [2], synchronisation is assumed to be reliable only for 0.5s. Therefore, for the purpose of worst case analysis, it is assumed that the time elapsed between a paging occasion and starting subframe of the discovery interval is greater than 0.5s such that re-synchronisation will be required before intra-cell discovery. It is also assumed that discover resources among neighbour cells will be aligned in case of synchronous cell deployment on the same carrier. As such, power consumed for both intra-cell discovery and synchronous inter-cell discovery is assumed to be identical. Based on the above assumptions, additional power per subframe per intra-cell or synchronous inter-cell discovery can be calculated as
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Equation 1
A D2D UE is assumed to transmit discovery messages using DL reception timing of the serving cell within the discovery resources allocated for the serving cell [3]. However, it may receive/decode discovery messages from UEs camping on a neighbour cell if it knows the DL reception timing of that neighbour cell. In case of asynchronous cell deployment, a UE may find out about the DL reception timing of a neighbour cell through detection of PSS/SSS of that cell. Therefore in case of asynchronous inter-cell intra-frequency discovery, additional power is consumed for establishing time/frequency synchronization with the neighbour cell and receiving discovery messages from neighbour cell according to 
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Equation 2
In case of asynchronous inter-cell inter-frequency discovery, additional power is consumed in  tuning of RF circuitry  into neighbour cell carrier frequency, establishing time/frequency synchronization with the neighbour cell, receiving discovery messages from neighbour cell and RF tuning back to serving cell for receiving mandatory paging messages according to 

[image: image17.wmf]disc

RX_disc

disc_int

RX_sync

sync

RF_tune

RF_tune

_add

inter_freq

2

T

P

T

P

T

P

T

P

´

+

´

+

´

´

=

.
Equation 3
Proposal 1: Capture Equation 1, Equation 2 and Equation 3 in the TR 36.843.
For easier comparison, additional power required for discovery in Equation 1, Equation 2 and Equation 3 can be normalised w.r.t power consumed by a RRC_IDLE UE not participating in discovery. These normalised values are plotted in Figure 2 and Figure 3 for intra-cell/synchronous inter-cell discovery and asynchronous (both intra-frequency and inter-frequency) inter-cell discovery, respectively. The following values are used in the calculation of normalised power values:
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 (calculated assuming 23dBm Tx power [2])
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According to Figure 2, for a given discovery interval, power consumption increases as the percentage of time the UE is transmitting discovery signal within the discovery interval increases. On the other hand, power consumption decreases exponentially as the discovery period increases.

Observation 1: Additional power consumption becomes comparable to a UE which is not participating in intra-cell discovery for the following combinations: 
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According to Figure 3, inter-frequency inter cell discovery required only slightly more power compared to intra-frequency inter cell discovery. Similar to intra-cell discovery, power consumption decreases exponentially as the discovery period increases. However, power consumption for inter-cell discovery is less than that for intra-cell discovery because a UE is only listening to discover other UEs in the neighbour cell. 
Observation 2: Additional power consumption becomes comparable to a UE which is not participating in asynchronous inter-cell discovery for the following combination: 
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Proposal 2: Capture Observation 1 and Observation 2 in the TR 36.843.
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(b)

[image: image39.emf]1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

0

1

2

3

4

5

6

7

T

disc

Power units relative to sleep power

T

disc_int

=30

 

 

T

TX_disc

=10% of T

disc_int

T

TX_disc

=20% of T

disc_int

T

TX_disc

=30% of T

disc_int


(c)

Figure 2: Additional power requirements for intra-cell/synchronous inter-cell discovery: (a) discovery interval=10 subframes, (b) discovery interval=20 subframes, (c) discovery interval=30 subframes.
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Figure 3: Additional power requirements for asynchronous inter-cell discovery (a) intra-frequency, (b) inter-frequency.
3 Conclusion

This contribution studied power consumption of RRC_IDLE UEs in various discovery scenarios and following observations and proposals are made.
Observation 1: Additional power consumption becomes comparable to a UE which is not participating in intra-cell discovery for the following combinations: 
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Observation 2: Additional power consumption becomes comparable to a UE which is not participating in asynchronous inter-cell discovery for the following combination: 
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Proposal 1: Capture Equation 1, Equation 2 and Equation 3 in the TR 36.843.
Proposal 2: Capture Observation 1 and Observation 2 in the TR 36.843.
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� For intra-cell discovery use the discovery period specified by the serving cell and for inter-cell discovery use the one specified for neighbour cell.


� For intra-cell discovery use the discovery interval specified by the serving cell and for inter-cell discovery use the one specified for neighbour cell.
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