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Neighbouring cell monitoring in packet idle mode, issue with MS standby time and proposed way forward
1. Introduction

TS 05.08/45.008 defines neighbouring cell monitoring requirements both in idle and packet idle mode, while TS 04.60/44.060 states same requirements for transfer mode.
For packet idle mode, the neighbour measurement requirements were aligned with transfer mode requirements to reflect the fact that a GPRS mobile is “always connected” and the loss of distinction between idle and dedicated mode. This leads to significant increase in the neighbour measurements over standard GSM, depending of the size of the neighbour cell list.

Consequently, higher power consumption of a terminal in packet idle mode will lead to degraded standby time. This is especially a concern for mobiles which would automatically attach to a GPRS cell.
2. Issue
Requirements imposed on the MS for neighbouring cells monitoring are defined in the 05.08/45.008 specification and discriminate two cases: when the MS is camped on a normal CCCH channel, and when it is GPRS-attached (packet idle mode).

It appears, as described below, that requirements for both cases are different: the number of monitoring windows per paging block is fixed to a maximum of seven in the first case; one sample per BCCH carrier in the BA list is measured every paging block in the second case. Requirements in the later case are aligned with TBF transfer mode.

Idle mode:
TS 45.008 states: 

“Whilst in idle mode an MS shall continue to monitor all BCCH carriers as indicated by the BCCH allocation. A running average of received signal level (RLA_C) in the preceding 5 to:

RLA _C = Max {5 , ((5 * N + 6) DIV 7) * BS_PA_MFRMS / 4}

seconds shall be maintained for each carrier in the BCCH allocation. N is the number of non‑serving cell BCCH carriers in BA and the parameter BS_PA_MFRMS is defined in 3GPP TS 45.002.

The same number of measurement samples shall be taken for all non‑serving cell BCCH carriers of the BA list, and the samples allocated to each carrier shall as far as possible be uniformly distributed over each evaluation period. At least 5 received signal level measurement samples are required per RLA_C value. New sets of RLA_C values shall be calculated as often as possible.”
This formula for RLA_C limits the requirement for the MS neighbour measurements to a maximum of 7 measurements per paging block, as the 51-frame multiframe is approximately ¼ second long.
Packet idle mode:

TS 45.008 states: 
“Whilst in packet idle mode or MAC-Idle state (see 3GPP TS 43.064) an MS shall continuously monitor all BCCH carriers as indicated by the BA(GPRS) list and the BCCH carrier of the serving cell. At least one received signal level measurement sample on each BCCH carrier shall be taken for each paging block monitored by the MS according to its current DRX mode and its paging group. As the minimum MS shall take one measurement for each BCCH carrier for every 4 second. As the maximum, the MS is however not required to take more than 1 sample per second for each BCCH carrier.
RLA_P shall be a running average determined using samples collected over a period of 5 s to Max {5s, five consecutive paging blocks of that MS}, and shall be maintained for each BCCH carrier. The same number of measurement samples shall be taken for all BCCH carriers, and the samples allocated to each carrier shall as far as possible be uniformly distributed over the evaluation period. At least 5 received signal level measurement samples are required for a valid RLA_P value.”
For paging block periods between 1 and 4 seconds (equivalent to DRX = 5 to DRX = 9 without PG cycle split), this does not limit anymore the number of power measurements to a maximum of seven measurements per paging block; as many measurements as there are cells in the BA list are required.
Issue:

A mobile supporting GPRS will enter packet idle mode after GPRS attach procedure is complete. When the mobile detects a GPRS cell (i.e. decodes the SI13 system information), it may proceed automatically with the attach procedure, to avoid useless signalling at each PDP context activation. In such a case however, as soon as a GPRS cell is selected the mobile will enter packet idle mode when not in transfer.
During long inactivity periods, such a GPRS capable mobile may experience degraded standby time: as described above, the number of power measurements is indeed increased compared to normal idle mode when camped on a non-GPRS cell.

As the reception periods, when the RF stages of the MS receiver are active, account for the most part of the MS power consumption during such standby periods, the number of power measurements during a paging block period has direct and significant impact on the MS standby time.

3. Discussion

Table 1 below compares the number of power measurements per second that the MS shall perform, as currently specified, depending of the mode and the DRX cycle length considered, for integer PG cycles (no PG cycle split). The underlying assumption is an adjacent cell list of size 16.

This value dimensions the impact of neighbour cells monitoring on MS power consumption. Idle mode is clearly the most optimized mode in terms of power consumption.

Table 2 however illustrates the flip side of the drawback: the frequency of power measurements dimensions the system reactivity for cell reselection. Packet idle mode offers a better continuity of service with packet transfer mode.
Table 1: number of neighbor signal power measurements per second depending of the mode and the DRX cycle length

	
	Idle Mode
	Packet Idle Mode
	Packet Transfer Mode

	DRX = 2
	14.9
	17
	150

	DRX = 9
	3.3
	7.6
	


Table 2: number of measurement reports per second depending of the mode and the DRX cycle length

	
	Idle Mode
	Packet Idle Mode
	Packet Transfer Mode

	DRX = 2
	0.15
	0.43
	0.2

	DRX = 9
	0.03
	0.09
	


It is thus important to distinguish between modes that need accurate and rapid neighbour information and modes that could require update rates more on the order of CCCH monitoring.

There is already a distinction between idle and packet transfer mode. There is clearly a desire to always be on the best cell for transmission of packets. Although this alone is not sufficient distinction. The MS could complete an uplink TBF and then be waiting for a downlink transmission. 

A certain continuity of service shall be ensured for the neighbour signal measurement update rate in such transient phases, whereas power optimization considerations should prevail in long inactivity periods (the so called DRX mode). 
4. Proposed way forward

Today there is a timer to keep the TBF active for a limited period of time to partially accommodate the spurious nature of data traffic. The timer is known as T3192 and is started when the last packet is transmitted. The idea is to avoid setup and TBF allocation if a new transmission is forthcoming. Since this timer requires tying up resources, its range is 80-1500 ms. 

For the purposes of cell reselection, it is desirable to provide a bridge between disperse transmissions. The reselection decision is only made every 5 sec so there is almost benefit. Instead what is proposed is a time period that exceeds timer T3192. 

A new timer is proposed to control the duration of the transient phase where currently defined neighbour cell monitoring requirements would actually be needed. This timer would be defined with a non-linear scale specifically for control of neighbour measurement rates in packet idle mode. Using three bits for the timer would then provide a maximum of eight values. To best accommodate operators and ensure easy backward compatibility, two values could be reserved for zero and infinite. This allows carriers to tune their network based on loading and typical use. In cells that need minimal neighbour monitoring the value could be set to 0, zero would also be used on a lightly loaded system where the delay between transfer periods would be minimal. Infinite would allow for special cases when neighbour measurements are very unstable. It would be started at the expiration of T3192.

Table 12.24.x: GPRS Cell Options information element details

	T319x (3 bit field)
This field is the binary representation of the timeout value of timer T319x. Range: 0 to 7. The timeout value is given in the following table. In the case of 0 sec, timer is not started and the mobile station follows procedures defined in 10.1.1.1.b: In the case of infinite, timer is not started and the mobile station follows procedures defined in 10.1.1.1.a

bit
3 2 1
0 0 0

0 sec
0 0 1

5 sec
0 1 0

15 sec
0 1 1

30 sec
1 0 0

60 sec
1 0 1

reserved
1 1 0

reserved

1 1 1

infinite

	DRX_TIMER_MAX (3 bit field)
This field is the binary representation of the parameter DRX_TIMER_MAX. Range: 0 to 7. The parameter value is given as two taken to the power of the binary value minus one (2 (bv - 1) ) in units of 1 second. The binary value zero indicates the parameter value zero (i.e, the parameter takes the values: 0, 1 s, 2 s, 4 s, .. 64 s.)


It is then proposed to split the packet idle mode period into two time periods: “initial packet idle mode” where neighbour cell monitoring requirements as defined today for packet idle mode would apply. Timer T319x would be started upon entering this mode.
The MS would exit this mode and enter a “normal packet idle mode” on the expiration of T319x, where requirements as defined today for idle mode would apply. They could be stated as follows:
“Whilst in normal packet idle mode an MS shall continue to monitor all BCCH carriers as indicated by the BCCH allocation. A running average of received signal level (RLA_P) in the preceding 5 to:

RLA _P = Max {5 , ((5 * N + 6) DIV 7) * 16/SPLIT_PG_CYCLE}

seconds shall be maintained for each carrier in the BCCH allocation. N is the number of non‑serving cell BCCH carriers in BA and the parameter SPLIT_PG_CYCLE is defined in 3GPP TS 45.002.

The same number of measurement samples shall be taken for all non‑serving cell BCCH carriers of the BA list, and the samples allocated to each carrier shall as far as possible be uniformly distributed over each evaluation period. At least 5 received signal level measurement samples are required per RLA_P value. New sets of RLA_P values shall be calculated as often as possible.”
5. Conclusion

This contribution has raised an issue for the power consumption of GPRS mobiles attached to a GPRS cell. With the deployment at large scales of GPRS mobiles and networks, this could result in a regression compared to today’s state of the art for MS standby times.

A possible simple way forward has been proposed, based on the introduction of a new timer in the MS. Backward compatibility could be simply ensured by some reserved values of the timer.
This solution is felt to have limited impact for the mobile. Feedback from operators and network infrastructure manufacturers is kindly asked on the matter. From which release such a change could be introduced is left open to discussion.


































































































































































































GP-04XXXX


1  (2)


