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1 Introduction
After RAN2 #61bis meeting, there has been fruitful e-mail discussion about system information modification indication . Baseline document prepared by Panasonic gives an excellent summary and considerations on this issue. Based on the document, a number of valuable arguments has been raised and identified by several companies. Many companies seem to support a paging message solution, but we still think SC-RNTI solution can have comparable or even better performance and network resource usage. Moreover many alternatives could features different properties depending on the configuration and refinement of the solution. In this contribution, we try to clarify the pros and cons of each alternative to help the discussion. We also propose alternatives and our preference among these.
2 Objectives common for Alternatives

Three key objectives are identified during e-mail discussion as follows;

· O1: Low UE power consumption for active UE should be achieved

· O2: Low probability of false alarm should be achieved.
· O3: Low signalling overhead for system information change notification should be achieved 
Regarding O2, false alarm means that a UE has a wrong knowledge that system information would not change.
3 Properties of alternatives for SI Change Notification

In the following, the properties of each alternatives for SI change notification are analyzed, especially for comparison between paging message solution and SC-RNTI solution. Following the naming in the baseline document for e-mail discussion, a paging message solution is referred to as D-2 and SC-RNTI solution is referred to as D-3. Different configuration for each solution is referred as D-2a, D-2b, D-3a or D-3b as such. Another alternatives from our side are also proposed.
When active UEs monitor paging occasions to get system information change notification, the success of each objective in section 2 highly depends on how frequent and when UEs need to attempt to get the notification, which is closely related with how frequent and when network has to send the notification information. To make a fair comparison between alternatives, we think it would be helpful to introduce a new term, SCI (System information Chang Indication) monitoring window, which is defined as ‘the time duration during which system information notification change notification is sent’. This concept is nothing new, and the naming is only for easing the discussion.

3.1 Paging Message Solution (PDCCH+PDSCH)
This scheme uses paging message for system information change notification. Since ‘systemInfoModification’ IE is optionally included in paging message, UE gets the information on system information change from the presence/absence of the IE in the message. 

· UE Power Consumption is relatively higher than SC-RNTI only solution.
· In order to get the information on system information change, a UE is required to read paging only once during SCI monitoring window. Once Active UE reads the paging message, it can stop SCI monitoring during the rest of the time during SCI monitoring window. Compared to the SC-RNTI solution shown in section 3.2, additional UE processing is required for PDSCH decoding. 
· It would be good for a UE DRX on duration to be overlapped with some paging occasions because this overlapping can eliminate the additional UE wakeup for SI change notification. If the overlapping is not enjoyed, UE has to wake up at paging occasions and monitor PDCCH addressed to P-RNTI. According to 36.211, when active UE reads PDCCH addressed to it, its on-duration timer in MAC starts. This principle needs to be applied to the P-RNTI identification by active UEs. Then the active UEs need to wake up during the DRX on duration that was provoked by P-RNTI identification. Since the UE wakes up at paging occasion, there would be no DL traffic addressed to it.
· False Alarm Probability is lower than SC-RNTI only solution.
· While acquiring the SI change notification, false alarm needs to kept low. False alarm can take place when a UE wrongly detect the presence of ‘systemInfoModification’ IE in paging message in spite of the absence in real.. This would be quite a rare event since the PDCCH and PDSCH for paging are assumed to aim at cell edge coverage. So very low false alarm probability could be achieved.
· Even though false alarm probability is very low, another type of ambiguity could arise from the UE side: if UE misses all P-RNTIs or never succeed to decode paging once during a SCI monitoring window, UE cannot get the information on system information change. In this case, UE should assume that system information would change. Otherwise it could miss the new system information.  

· Signalling overhead for SI change notification is higher than SC-RNTI solution 
· This robustness against false alarm is achieved at the expense of relatively higher amount of required network resource for paging (PDCCH+PDSCH). This means that if frequent system information change notification is required, then significant amount of network resource could be wasted only for this notification. 
· Network needs to send the indication on SI change regardless of whether system information would change. This is the property of an explicit signalling.
· Other Considerations

· If a UE misses P-RNTI on a paging occasion, it should continue to monitor P-RNTI on another paging occasion until successful decoding of the paging message is reached. This is a sort of trade-off between robustness of SI change notification and UE processing load. 
Two notification schemes taking paging approach are analyzed in the followings. One is the for the case when a full length of SCI monitoring window is used, and another for the case when a shorter SCI monitoring window is used.
3.1.1 [D-2a] Paging message with full length SCI monitoring window 
( SI modification period= SCI monitoring window length )
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Figure 1. SI change notification with Paging message - full length SCI monitoring window
If we want to allow active UEs to read paging message at any paging occasions for SI change notification, the paging message for SCI should be sent at every paging occasions for all paging groups. This means that even when there would be no IDLE UE to be paged at many paging occasions, paging message needs to be sent for SI change notification purpose at those occasions.  
	
	UE Power Consumption
	False Alarm Probability
	Signalling overhead for SI change notification 

	[D-2a] Paging message with full length SCI monitoring window
	Low (as reference)
Higher than D-3a in section 3.2.1
	Very low as indicated in section 3.1.
	Significant amount of network resource would be wasted due to too frequent paging message transmissions


3.1.2 [D-2b] Paging message with shorter length SCI monitoring window 
(SI modification period > SCI monitoring window length)
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Figure 2. SI change notification with Paging message - shorter length SCI monitoring window

D-2b is one possible optimization of D-2a. In D-2b, paging for SCI is confined within SCI monitoring window so that the amount of paging message for SCI is reduced.
	
	UE Power Consumption
	False Alarm Probability
	Signalling overhead for SI change notification



	[D-2b] Paging message with short length SCI monitoring window
	Almost the same as D-2a. 
Higher than D-3b in section 3.2.1
	Still very low but slightly higher than that of D-2a since the number of possible UE trials available for reading paging messages is reduced due to the shortened SCI monitoring window. 
	Lower compared to D-2a.
Higher than D-3b due to the use of PDSCH


3.2 SC-RNTI only Solution (only PDCCH)
This scheme uses SC-RNTI on PDCCH for system information change notification. A UE gets the notification information from the presence/absence of the SC-RNTI at some paging occasions. 
· UE Power Consumption is relatively lower than paging solution
· A UE is required to check whether SC-RNTI is sent at the monitoring occasions at least once. PDCCH monitoring occasions for the SI change notification could be a subset of all paging occasions of every paging group. Once the UE identifies the presence/absence of the SC-RNTI at the monitoring occasion, it can stop SCI monitoring during the rest of the time during SCI monitoring window. Compared to the paging solution shown in section 3.1, decoding process for PDSCH is not required, and thus UE power consumption would be less than paging solution. 
· Idle UEs needs to monitor SC-RNTI as well as P-RNTI during its paging occasions within SCI monitoring window. Since RNTI check is just a sort of correlation, additional RNTI monitoring adds little UE processing complexity and power consumption. Multiple RNTI monitoring is one of the basic UE capability. 
· False Alarm Probability is higher than paging solution
· Unlike the paging solution, a single missing of PDCCH addressed to the SC-RNTI gives rise to the false alarm to a SC-RNTI monitoring UE. Since the PDCCH for SI notification purpose could be generated with a high reception reliability in a physical layer, the missing probability would be reasonably low. Compared to the paging message solution, false alarm probability would be anyhow higher, even though it is questionable whether the difference is meaningful.
· Signalling overhead for SI change notification is lower than paging solution
· SC-RNTI solution requires only PDCCH resource for SI change notification. Considering any RRC message occupies at least one physical resource block on PDSCH, SC-RNTI only solution (equivalently PDCCH only solution) could save a considerable amount of network resources.
3.2.1  [D-3a] SI modification window = SCI monitoring window
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Figure 3. SI change notification with SC-RNTI - full length SCI monitoring window
	
	UE Power Consumption
	False Alarm Probability
	Signalling overhead for SI change notification

	[D-3a] SC-RNTI with full SCI monitoring window monitoring window
	Lower than D-2a since UE does not need to decode PDSCH.
	Higher than D-2a.(but questionable whether the difference is meaningful)
	Much lower than D-2a since there is no PDSCH required for SI notification


3.2.2 [D-3b] SI modification window > SCI monitoring window
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Figure 4. SI change notification with SC-RNTI- shorter length SCI monitoring window
	
	UE Power Consumption
	False Alarm Probability
	Signalling overhead for SI change notification

	[D-3b] SC-RNTI with short SCI monitoring window
	Lower than D-2b since UE does not need to decode PDSCH
	Higher than D-2b.
Same as D-3a since UE makes a decision from single SC-RNTI monitoring result (not affected by SCI monitoring window length)
	Lower than D-2a since there is no PDSCH required for SI notification


3.3 Proposed Solutions: Variants of SC-RNTI solution

We have identified that SC-RNTI only solution in section 3.2 can have slight better performance compared to paging solution in terms of UE power consumption as well as singling overhead, but features worse false alarm probability. Even though it is questionable if the difference is meaningful, several variations of SC-RNTI solutions are proposed to decrease the false alarm probability in the following. Since those proposals are based on SC-RNTI solution, the properties of both lower UE power consumption and smaller signalling overhead can be generally maintained. 
3.3.1 [D-3c] Explicit Indication with SC-RNTI and SNC-RNTI
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Figure 5. SI change notification with SC-RNTI – shorter length SCI monitoring window
We note that the better false alarm probability in paging approach mainly comes from the explicit signalling property. If we simply introduce another RNTI, which explicitly indicates that system information would NOT change, SC-RNTI solution could have such an explicit signalling property. This new RNTI could be referred to as SystemInformationNotChange – RNTI (SNC-RNTI). 
· False Alarm Probability would be lower than D-3a, D-3b.
· In this alternative, UE does not make any decision on system information change until it receives either SC-RNTI or SNC-RNTI explicitly. This helps UE avoid the wrong decision resulting from missing the SC-RNTI and decrease the false alarm probability. 
· Signalling overhead for SI change notification is increased.
· The enhanced property on false alarm comes at the cost of increased signalling overhead. Either SC-RNTI or SNC-RNTI needs to be transmitted during every SCI monitoring window even before system information would not change .
· UE Power Consumption is kept minimal
· Considerations

· With the newly introduced SNC-RNTI, Active UEs should monitor PDCCH addressed to C-RNTI/SC-RNTI/SNC-RNTI. Idle UEs should monitor PDCCH addressed to P-RNTI/SC-RNTI/SNC-RNTI. We again note that current UEs already have the multiple RNTI monitoring capability. 
3.3.2 [D-3d] Multiple Identification of ABSENCE of SC-RNTI
· False Alarm Probability would be lower than D-3a, D-3b.

· Another approach to decrease the false alarm probability could be such that UEs could assume no change of system information only when N consecutive monitoring on several subframes cannot identify any SC-RNTI. Double identification (N=2) would sharply drop the false alarm probability and thus seems to be sufficient.
· UE Power Consumption is increased.
· Since the UE needs to perform additional PDCCH monitoring on more than one subframe, UE power consumption would be increased.

· Signalling overhead for SI change notification can be kept minimal.
4 Comparisons of Alternatives
	
	Notification scheme
	Objectives
	Note

	
	
	O1. Low UE power consumption for active UE
	O2. Low false alarm probability
	O3. Low Signalling overhead for SI change notification
	

	D-2
	[D-2a]Paging message with full length SCI monitoring window
	low
	minimal
	Significantly high**
	

	
	[D-2b]Paging message with short length SCI monitoring window
	low
	Slightly higher than D-2a
	middle
	

	D-3
	[D-3a]SC-RNTI with full SCI monitoring window
	minimal
	Higher* 
	low
	

	
	[D-3b]SC-RNTI with short SCI monitoring window
	minimal
	Higher*
	minimal
	

	Variants of D-3
	[D-3c] Explicit Indication with SC-RNTI and SNC-RNTI
	minimal
	Reasonably low
	Low depending SCI monitoring window length
	Short SCI monitoring window is preferred for low signalling overhead

	
	[D-3d] Multiple Identification of absence of SC-RNTI

 
	low
	Very low
	minimal
	UE needs to count the number of the absence of SC-RNTI


* is marked if it is doubtful whether the corresponding alternative could satisfy the objective 
5 Conclusion

From the comparison, It is generally identified that 

· D-2 alternatives (D-2a, D-2b) have a minimal false alarm probability, but this comes at the expense of both signalling overhead and slight higher UE power consumption.
·  D-3 alternatives(D-3a, D-3b) have minimal UE power consumption and low signalling overhead, but false alarm probability would be higher than D-2 alternatives. 

· Variant of D-3 have balanced performance over the three key objectives. 

· Among the variants of D-3, we prefer D-3c from the reason that it can keep the change of spec in the minimum and allow the simplest UE behaviours. 
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