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Discussion
1 Introduction

This contribution discusses paging behaviour of UE. UE requires pre/post-wake up procedure in addition to receiving paging. In addition to the paging reception, we assume evaluation of cell reselection criterion is also necessary similar to UMTS. Therefore, the battery saving gain is not proportional to the actual reception time if the actual reception time is less than certain amount of the time. The need of pre/post-wake up procedure also suggests battery saving gain by　collocating several transmitted information. Taking into account these facts, we propose following:

1) Not to have paging indicator

2) Collocated mapping of paging message and some broadcast information including MBMS control information
2 Discussion
Paging behaviour in a UE

UE behaviour around paging can be expressed following. 
- Deep sleep: This deep sleep phase is UE is really in sleep mode, which the minimum power consumption is obtained. 
- Pre-wake up procedure: Pre-wake up procedure is preparation phase for the actual reception of the paging. If the power is cut off during deep sleep for power reduction, the contents of the volatile memory and/or registers are recovered. Depending on the power cut-off scheme, some time would be required in order to have stable power supply and stable clock generation.
- Actual reception: Actual reception is the time to receive paging information like paging indicator and/or paging message itself.
- Post wake up procedure: This is the time for the preparation of deep sleep. If the power is cut off during deep sleep for power reduction, the contents of the volatile memory and/or registers are saved in non-volatile memory.
In addition to the above paging reception, evaluation of cell reselection criterion would be also necessary similar to UMTS for proper cell selection. This would be carried out based on the reference signal with some averaging. Depending on the evaluation method, actual reception time increases than paging indicator and/or paging reception.
Generally, if UE is designed in more power saving in the deep sleep, which is very important to total power reduction because of dominant time, the time for pre-wake up procedure and post-wake up procedure takes longer. 
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Figure 1. Paging behaviour in a UE
This need of pre/post wake-up procedure and evaluation of cell reselection implies the battery saving gain is not only proportional to the actual reception time of paging related message. We can say following two principles.
1) If actual reception time is less than certain amount of time, the power consumption is getting more influenced by pre/post-wake up procedure.
2) Although the actual reception time is same, the battery saving gain is obtained when all required information is collocated together in time. Figure 2 is the example of separate actual reception like paging message and BCH contents. In this figure, the actual reception time is same with figure 1 but more pre/post-wake up time is required. This means more battery power is consumed in figure 2.
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Figure 2. More pre/post wake up procedure because of separate actual reception

Discussion

According to above two principles, we propose two things.
- Not to have paging indicator

- Collocated mapping of paging message and some broadcast information including MBMS control information
1) Not to have paging indicator in L1/L2 control channel field
During study item phase, RAN1 has been observed that much time/frequency resource is consumed in L1/L2 control channel. To reduce the L1/L2 control channel overhead is important. We propose not to have paging indicator using time/frequency resource of L1/L2 control channel. As we discussed before, actual reception time is less than certain amount of time, the power saving gain is not much. In contrast to 10ms length of paging message in WCDMA, paging message could be transmitted over 1 subframe i.e. 0.5msec in LTE. When comparing the pros and cons in the battery saving gain of paging indicator and time/frequency resource usage, we propose not to have paging indicator in LTE. i.e. UE directly receives paging message periodically. The similar mechanism with persistent scheduling i.e. UE directly receive DL-SCH in predefined time/frequency resource, can be used.
2) Collocated mapping of paging message and some broadcast information including MBMS control information
In WCDMA, the call setup delay impact on the reception of SIB7 (UL interference) over BCCH have been discussed. Similarly, the latest parameter to set proper transmission of random access burst would be required. Such parameter may be outer loop power related and/or the uplink time/frequency usage. In addition, there would be BCCH information to be received in idle mode like the update of the system information scheduling. For MBMS, UE is also sometimes requested to read MBMS control information. In contrast to WCDMA, MBMS of LTE is designed from the beginning. Therefore, the merit of the jointly design with BCCH should also be considered especially for control channel.
In LTE, we propose paging message and these broadcast information including MBMS control information required in LTE_IDLE are collocated together in time in order to reduce the battery consumption by reducing the time required for pre/post-wake up procedure. Although these are collocated when transmitted, it is not necessary to always both information are transmitted. For example, one per 5 times of paging message, MBMS control information could be sent. The collocated broadcast information may be mapped on the flexible rate part (DL-SCH) or fixed rate part (BCH). We also note that although we propose collocated together, there may be the case that these are not necessary to be the same subframe because of different CP length etc. 
In WCDMA, when paging message are received are determined based on the calculation using IMSI and System Frame Number. On the other hand, in LTE, we may consider the possibility of more collocation of several paging messages together for the efficient collocation with some broadcast information including MBMS control information. The more collocation of several paging message without paging indicator would also have trunking gain.
3 Conclusion 

In this document, we discussed paging behaviour of a UE. UE requires pre wake up procedure and post wake up procedure. Therefore, the battery saving gain is not only proportional to the actual reception time if actual reception time is less than certain amount of the time. Taking into account these facts, we propose following:

1) Not to have paging indicator in L1/L2 control channel field
2) Collocated mapping of paging and some broadcast information including MBMS control information
4 References

[1] R2-060887, “Flexible rate transmission of BCCH”, Panasonic

[2] R2-060864, “BCH Transport Channel”, Ericsson

[3] R1-061198, “Broadcast Channel Structure for E-UTRA Downlink”, NTT DoCoMo
[4] R2-060942, Paging/Broadcast Control, Motorola 
[5] TS25.304, User Equipment (UE) procedures in idle mode and procedures for cell reselection in connected mode
[6] Cell Reselection Parameter Optimization in UMTS, Dino Flore, Christopher Brunner, Francesco Grilli, Vieri Vanghi, 2nd International Symposium on Wireless Communication Systems, 2005




3GPP


_1211620153.vsd
�

Deep sleep�

Pre- wake up 
procedure�

Post-wake up procedure�

Deep sleep�

Actual
reception�

Power consumption�


_1211621143.vsd
�

Deep sleep�

Pre- wake up 
procedure�

Post-wake up procedure�

Deep sleep�

�

Power consumption�

Pre- wake up 
procedure�

Post-wake up procedure�

�

�


