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1 Introduction
In last meeting, RAN2 discussed the power saving enhancements of paging procedure, and the following agreement has been made [1].
	The WUS related paging will be down-prioritized in RAN2 for now.  RAN2 can discuss if further evaluations are required after RAN1 progresses on their discussions


In addition to the WUS related paging, RAN2 has also discussed the false alarm issue but has not reach any conclusion. In this paper, we further discuss this issue, and another issue on the paging indicated system information change.  
2 Discussion
2.1 False alarm issue for paging reception
To receive the paging message for the incoming call, in the PO the UE needs to 1) receive and demodulate the PDCCH, 2) blindly decode the PDCCH, 3) receive and demodulate the PDSCH, 4) decode the PDSCH, 5) process the paging message. Since a number of UEs will share the same PDCCH monitoring occasion in a PO, the UE may often receive the PDCCH for paging. If detecting the PDCCH for paging, the UE will continue the step 3)~5). However, in most of cases, after decoding the paging message, the UE will find it is actually not paged, i.e. its ID is not included in the paging message. 
To see the probability of such false alarm, we got some statistics data from the field test as below. The paging cycle is 1.28s.
	
	Staring time
	Ending time
	Idle time(s)
	# of PDCCH with P-RNTI
	# of Paging with UE ID
	Probability of false alarm

	1
	5:56:46
	6:21:58
	1277
	220
	3
	98.64%

	2
	6:22:07
	6:39:49
	855
	179
	5
	97.21%

	3
	6:39:49
	6:49:52
	500
	121
	3
	97.52%

	4
	15:07:41
	15:17:42
	443
	181
	3
	98.34%

	5
	15:17:43
	15:27:30
	364
	141
	6
	95.74%

	6
	15:27:31
	15:38:20
	492
	179
	2
	98.88%

	7
	20:37:41
	20:44:13
	250
	52
	2
	96.2%

	8
	21:42:10
	21:56:04
	634
	317
	7
	97.79%

	9
	21:56:30
	22:17:10
	75
	347
	6
	98.27%

	10
	22:18:41
	22:38:32
	990
	287
	6
	97.91%


From the statistic, it can be observed the average of false alarm probability for the observed UE is 97.65%. Furthermore, according to the power saving modelling in the TR [2], the relative power of PDCCH-only is 100 unit, while the relative power of PDCCH + PDSCH is 300 unit. So, if we just look at the power consumption on paging, the unnecessary power waste due to the false alarm issue is not trivial. In other words, if this false alarm rate can be reduced as much as possible, it would be beneficial for UE power saving. Of course, one may say that the power saving gain by reducing such false alarm rate is marginal considering the whole power consumption in the idle including the ones for RRM measurement, warm up/down, and deep sleep. We somehow can agree that. However, it is worth noting that the power reduction for RRM measurement is also being studied and at least for stationary or low mobility UE the RRM measurement period can be relaxed, then in such case, the power saving gain by reducing the false alarm rate would increase. Furthermore, we believe the specification impact of possible solutions to reduce the false alarm issue could be small and no additional signal/channel the UE needs to consume power to monitor moreover. Then taking the above aspects into account, we propose RAN2 to agree that the paging enhancement for reducing the false alarm rate of PDSCH reception will be supported.
To solve the issues, the UEs can be divided into multiple groups, e.g. based on the UE ID. When the UE wakes up in its PO for paging detection, the UE can check whether the group it belongs to is being paged or not. If not, the UE can sleep directly and skip corresponding PDSCH reception, otherwise, the UE needs to decode the message on PDSCH. As for how to indicate the UE grouping information, there could be several ways, for example, by using different P-RNTIs for different groups, by including an indicator in Paging DCI to indicate the group information explicitly, etc. The details can be for further study in the WI. 
Proposal 1: RAN2 to agree that the paging enhancement for reducing the false alarm rate of PDSCH reception will be supported.
Proposal 2: The UEs can be divided into multiple groups, e.g. based on the UE ID. When the UE wakes up in its PO for paging detection, the UE can check whether the group it belongs to is being paged or not. If not, the UE can sleep directly and skip corresponding PDSCH reception, otherwise, the UE needs to decode the message on PDSCH.
In addition to schedule the paging message, the Paging DCI can also be used to indicate the system information change. Specifically, a field called Short Message is used to indicate the system information change. However, only two bits of this field is used now and it couldn't indicate the specific SIB that will change in the next modification period or has changed. Then after receiving the indication of system information change from paging DCI, the UE anyway need to decode the SIB1 PDCCH and PDSCH to look at which SIB has changed. So, if the Paging DCI can indicate which specific SIB has changed the UE can avoid the power consumption on the decoding of SIB1 PDCCH plus PDSCH. Considering that the field of paging scheduling information which is about 20bit will not be used in case that the other field called short message indicator ‘s value is set to 10 (i.e. Only short message is present in the DCI), it is possible to use such bits to indicate which specific SIB is to be changed. Then the UE can obtain some power saving gain by not decoding the SIB1 PDCCH and PDSCH.
Proposal 3: RAN2 to agree the paging enhancement for indicating the specific SIB change will be supported.
3 Conclusion

In this paper, we discussed possible paging enhancement for power saving and have the following proposals:
Proposal 1: RAN2 to agree that the paging enhancement for reducing the false alarm rate of PDSCH reception will be supported.
Proposal 2: The UEs can be divided into multiple groups, e.g. based on the UE ID. When the UE wakes up in its PO for paging detection, the UE can check whether the group it belongs to is being paged or not. If not, the UE can sleep directly and skip corresponding PDSCH reception, otherwise, the UE needs to decode the message on PDSCH.
Proposal 3: RAN2 to agree the paging enhancement for indicating the specific SIB change will be supported.
A corresponding TP is provided in section 5
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5 Text Proposal

-----------------------------------------------Start of the TP---------------------------------------------------------------------
6.1
UE paging procedure based on power saving signal/channel/procedure

The power saving signal/channel related paging is down-prioritized in the study. 
NOTE: It is FFS if further evaluations are required.

Extending the DRX cycle length to 10.24s in idle and inactive mode will be considered. Increasing it above 10.24s will not be studied.
A power saving specific rule will be defined for DRX cycle determination in idle and inactive mode, in the presence of different DRX cycle configurations (e.g. UE specific and default).  It is FFS how it is enabled. The DRX cycles are decided by the network based on UE preference indications. All enhancements are aiming at reusing existing mechanism (e.g. eDRX).
The paging enhancement for reducing the false alarm rate of PDSCH reception will be supported. The UEs can be divided into multiple groups, e.g. based on the UE ID. When the UE wakes up in its PO for paging detection, the UE needs to check whether the group it belongs to is being paged or not. If not, the UE can sleep directly and skip corresponding PDSCH reception, otherwise, the UE needs to decode the message on PDSCH.
The paging enhancement for indicating the specific SIB change will be supported.
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