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1
Introduction

Multiple options have been discussed in order to implement the agreement made in RAN2 #64bis. This contribution explains why Qualcomm submitted a CR favouring one of the options.
2
Solutions and Discussions

Table 1 summarizes some potential solutions to SIB7 handling when DRX is enabled in the UE in CELL_FACH and the UE still uses the legacy PRACH procedure to perform random accesses on the uplink.
Table 1: Potential Solutions to SIB7 Handling when DRX is enabled in CELL_FACH
	Solution
	Advantage(s)
	Disadvantage(s)

	The UE uses a default interference value that is broadcasted on SIB5/5bis.

Similar to the enhanced uplink for CELL_FACH.
	· Maximum battery savings as the UE does not need to read SIB 7.
	· If the Node B changes its interference value, UEs may not pick up the new value which could cause unnecessary spikes in the noise rise. Since for legacy UEs, the RACH is not power controlled, this could lead to a degradation of the system performance. This solution would require further analysis in RAN1.

	Introducing a multiplicative factor to the SIB7 reading time
	· Provides some battery savings while allowing stationary UEs to update their interference value.
	· If the network wants to extend the SIB reading expiration for legacy UEs, the timer becomes excessively long for new UEs.
· If the Node B changes its interference value, UEs may not pick up the new value which could cause unnecessary spikes in the noise rise. Since for legacy UEs, the RACH is not power controlled, this could lead to a degradation of the system performance. This solution would require further analysis in RAN1.
· Solution is out of scope of currently open work items: RAN2 is not mandated to enhace the battery consumption of UEs using legacy uplink PRACH. 

	Introducing a constant expiration time for SIB7
	· Provides some battery savings while allowing stationary UEs to update their interference value.
	· The network does not have control on the frequency at which UEs update their interference value.
· If the Node B changes its interference value, UEs may not pick up the new value which could cause unnecessary spikes in the noise rise. Since for legacy UEs, the RACH is not power controlled, this could lead to a degradation of the system performance. This solution would require further analysis in RAN1.
· Solution is out of scope of currently open work items: RAN2 is not mandated to enhace the battery consumption of UEs using legacy uplink PRACH.

	Use the value of the last stored interference
	· Maximum battery savings as the UE does not need to read SIB 7.
· Optimal minimization of uplink interference.
	· While this is the simplest solution, it may result in some UEs using interference values that are too old.

	The UE waits to read SIB7 before sending the first PRACH preamble
	· Almost maximal battery savings.
	· Long Delays are introduced before any uplink transmission.

	The UE keeps updates SIB7 at the expiration timer
	· All UEs sharing the same uplink resources play by the same rules.
· If a longer timer is good enough to update the timer as in the other solutions, then it is good enough for all the UEs.

· Optimal minimization of uplink interference.
	· Battery loss is in the order of 1% compared to the maximal battery savings solutions. 
· However, the UE still enhances its battery life when compared to continuous reception in CELL_FACH, in the order of 20% to 30%.


3
Comparison of schemes

Figure 1 depicts the simulation model considered in this analysis.
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Figure 1: Enhanced UE DRX modelling in CELL_FACH
In the following, we will compare three schemes:
· Scheme 1: The UE listens continuously in CELL_FACH before being transitioned back to idle

· Scheme 2: After receiving a data burst, the UE listens continuously for T321 seconds, then applies DRX in CELL_FACH for the rest of the time it is in CELL_FACH, while updating its SIB every 320 ms.
· Scheme 3: After receiving a data burst, the UE listens continuously for T321 seconds, then applies DRX in CELL_FACH for the rest of the time it is in CELL_FACH and does not update its the SIB.

The following additional parameters are assumed in Table 2:
Table 2: Simulation Assumptions for the purpose of  battery analysis due to SIB7 handling in CELL_FACH

	Time in CELL_FACH after the end of the burst
	3 sec

	T321 (Time in continous reception while in CELL_FACH)
	0.5 sec

	Burst Duration
	0.2 seconds (UE is kept in CELL_FACH)

2.67 seconds (CELL_DCH Transmission)

	Fixed Inter Burst Arrival
	16, 32, 64 minutes

	Idle cycle
	1.28s

	DRX wake up cycle
	320 ms

	SIB 7 reading cycle
	320 ms


We will assume that there are no other events consuming battery (cell search, backlight, etc), and thus we will only look at the impact of the data being exchanged and the time spent in CELL_FACH and URA_PCH/CELL_PCH. 

3.1 
VPN example of traffic

This type of traffic is charecterized by periodic short bursts (we assume 200ms). We assume that the UE is kept in CELL_FACH for 3 seconds for all schemes, after which it is returned to URA_PCH, CELL_PCH or idle.

Figure 2 shows the normalized battery life of the three schemes described above when the UE is kept in CELL_FACH for 3 seconds. The loss in battery life between the schemes 2 and 3 peaks at 11% for inter-arrivals that are around 5 seconds apart.  However, the gains relative to the baseline are in the order of 170% and 197% for schemes 2 and 3 respectively.
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Figure 2: Battery life for VPN traffic, CELL_FACH timer = 3s

3.2 
Burst data

This type of traffic is charecterized by long bursts of data which are exchanged in CELL_DCH. We assumed fixed bursts of 2.67 ms duration. We assume that the UE is kept in CELL_FACH for 3 seconds for all schemes after the end of the burst, after which it is returned to URA_PCH, CELL_PCH or idle.

Figure 3 shows the normalized battery life of the three schemes described above when the UE is kept in CELL_FACH for 3 seconds. The loss in battery life between the schemes 2 and 3 peaks at around 2.5% for inter-arrivals that are around 12 seconds apart.  However, the gains relative to the baseline are in the order of 36% and 39% for schemes 2 and 3 respectively.
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Figure 3: Battery life for bursty data traffic, CELL_FACH timer=3s
4
Discussion
We have discussed the different behaviours proposed for UEs which are applying DRX in enhanced CELL_FACH, while using the legacy uplink. There are two main proposals: one where SIB7 is read constantly, and the second is when SIB7 is not read. 

We showed that both schemes provide significant battery gains relative to the baseline. The difference between the battery lives is is much less than 10% for many of the configurations.
This exercise did not take into account the main data application and many functions that consume power regardless of which scheme is chosen; this will dampen the differences. These functions can be periodic cell search, voice calls, longer data exchanges, or the UE display.
We mentioned that not reading SIB 7 can impact the system performance because of potential spikes in the noise rise. We believe that the potential battery gain is not significant enough to warrant a potential impact on system performance.

Finally, if the system is run in a way that SIB 7 is not updated often, then a longer timer can be applied to all UEs using the legacy PRACH. The UEs in question (using enhanced CELL_FACH and in DRX) will pick up the longer timers, and automatically gain in battery life.

5
Conclusion
As a result, our proposal is:

Proposal : For UEs in DRX while in enhanced CELL_FACH, use the same rules for updating SIB7 as for legacy UEs in CELL_FACH (update every Expiration timer = MAX(32 , SIB_REP * ExpirationTimeFactor).
