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Discussion
1 Introduction
This paper tries to address the following issues:
· 
Issue1: The SIB including inter-frequency D2D configuration is subject to more frequent change, which may then trigger non-D2D UEs to frequently wake up in vain. 

· 
Issue2: There is a potential mismatch of the inter-frequency D2D configuration between the one provided by the serving cell and the one provided by the cell on the concerned inter-frequency, due to asynchronous modification period boundary
2 Discussion
2.1 Handling of update of D2D configuration applicable for other frequency
Currently any update of SIB (other than SIB1 of a cell should be notified to UEs via paging before the cell actually starts to broadcast a new SIB. Considering that inter-frequency D2D configuration includes D2D configuration for one or more inter-frequencies, the SIB that includes inter-frequency D2D configuration may be vulnerable to much more frequent update of system information update procedure than other SIB. According the existing SIB acquisition procedure, once UE acquires a SIB, the SIB is considered valid for the entire modification period, and the update of any SIB should be notified to UEs in advance (i.e. SI update is notified via paging during a modification period prior to next modification period during which new SIBs are broadcast).If we apply the existing SI update notification and update mechanism for the concerned SIB including inter-frequency D2D configuration, entire system may suffer from frequent system information updates due to any (small) change of inter-frequency D2D configuration. This is quite undesirable from system point of view. 
Proposal 1 For provisioning of inter-frequency D2D configuration to a UE served by a cell, our design should be such that update of D2D configuration of other frequency should not trigger other UEs having no interest in inter-frequency D2D discovery to follow SI update procedure.

Legacy SI update notification and acquisition are applied for SIB19 that currently includes intra-frequency D2D configuration, as per Rel-12 behaviors. Considering the legacy Rel-12 behaviors applied for SIB19, if we aim to realize proposal1, inter-frequency D2D configuration should be broadcast in a separate SIB, e.g. SIB19BIS. With this separate SIB, SIB19BIS should be excluded from SI update notification (via paging) and SI change identification (via value tag).

Proposal 2 D2D configuration for other frequency is included in SIB19BIS. 

Proposal 3 SIB19BIS is excluded from the normal SI update notification procedure. That is, network shall not indicate system information update in paging message for upcoming SIB19BIS update. 

Proposal 4 SIB19BIS is excluded from the value tag update mechanism. That is, update of SIB19BIS does not change the value tag within SIB1.
With the SIB19BIS to be signaled in separate SIB (say, SIB19BIS hereafter), it should be ensured that UE shall only have a valid SIB19BIS, i.e. it shall not store and apply outdated SIB19BIS. To ensure this, the following option can be considered:

· 
Option1: UE acquires SIB19BIS every scheduling period for the SIB19BIS. Then, once UE acquires SIB19BIS, it considers the acquired SIB19BIS to be valid only for the duration of a single scheduling period of the SIB19BIS. See Figure1.  
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Figure1. Illustration of option1 

With option1, UE is required to acquire SIB19BIS every scheduling period for the SIB19BIS. This is quite simple but requires more UE battery consumption due to frequent SIB19BIS acquisition. To reduce this UE battery consumption, we could prolong the required acquisition period by e.g. N times the scheduling period of SIB19BIS

· 
Option1a: UE acquires SIB19BIS once every “acquisition period” that consecutively occurs and has a duration of N * scheduling period and has defined boundary like modification period. Then, once UE acquires SIB19BIS, it considers the acquired SIB19BIS to be valid for the acquisition period. See Figure2. 
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Figure2. Illustration of option1a with N=2

Instead of UE acquiring SIB19BIS every N*SIB19BIS scheduling period, we could consider slight modification to the existing SI update notification so that a new flag only to notify SIB19BIS update is introduced in paging message. 
· 
Option2: A new SI modification indication applicable only to notify update of SIB19BIS is introduced in paging message. No figure is presented for its simplicity. 

Option2 allows UE to avoid frequent acquisition of SIB19BIS. However, the new flag in paging message only for this purpose may be a bit expensive. Even though the option2 provides some performance benefit in terms of UE battery consumption, we prefer option1/option1a due to its simplicity that is important to finalize eProSe WI. For the choice between option1 and option1a, option1a is preferred as it provides performance benefit while the increased complexity is marginal.  

Proposal 5 UE acquires SIB19BIS once every “acquisition period” that consecutively occurs and has a duration of N * scheduling period and has defined boundary like modification period. Then, once UE acquires SIB19BIS, it considers the acquired SIB19BIS to be valid for the acquisition period.

For the D2D operation among the coordinated cells across frequencies, we cannot always assume that the modification periods of cells on different frequencies are same. Even if the modification periods of cells on different frequencies are same, the modification boundary of different cells across frequencies may happen at different timing, as shown in Figure3 where UE is served by the cell A and is configured with cell B’s D2D configuration by the cell A.
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Figure3. Asynchronous modification period boundary
In the above figure3, it happens that the moment of initiating a broadcast of new SIB19 in a cell B falls in the middle of a modification period of a cell A. In this case, the inter-frequency D2D configuration for discovery on F2 signaled by cell A becomes invalid in the middle of the modification period of the cell A. In other words, once the cell B broadcasts the new SIB19, the inter-frequency D2D configuration signaled in cell A becomes outdated until the cell A starts, only after beginning of new modification period, to signal a new inter-frequency D2D configuration for discovery on F2.

To prevent aforementioned mismatch of D2D configuration across coordinated cells, UE needs to know the time until which the signaled inter-frequency D2D configuration is valid. If such knowledge is available, the UE can apply the inter-frequency D2D configuration only while the inter-frequency D2D configuration is valid. To enable this, we propose that when serving cell signals inter-frequency D2D configuration, it also signals the validity time for which the inter-frequency D2D configuration can be considered valid. The validity time can be equal to or less than the modification period of the serving cell. With the simple validity information, whenever UE newly acquires SIB19BIS from its serving cell, it can determine when it may need to stop applying the inter-frequency D2D configuration. 
Proposal 6 When serving cell signals SIB19BIS including inter-frequency D2D configuration, it also signals the time until which the SIB19BIS can be considered valid
Proposal 7 The time until which the SIB19BIS can be considered valid is expressed as SFN# and subframe# of the PCell. 
Figure4 illustrates how validity information works. Let us assume that UE is camping on cell A and is interested in discovery on F2. So it acquires, from the cell A, SIB19BIS including the D2D configuration applicable for F2 (cell B). Let us further assume that the cell B will update its SIB19 (e.g. TX resources) from modification period N+1. Since the cell A and B are coordinated, the update should be notified to cell A in advance. If we assume that the cell B notifies the upcoming update cell A quite in advance, then cell A can ensure that all SIB19BISs falling in the acquisition period just prior to the MP K+1 include the validity time information so that the UEs surely becomes aware of time until which the acquiredSIB19BIS is considered valid. With this, UE can avoid applying the invalid inter-frequency D2D configuration. Upon MP K+1, the UE acquires SIB19BIS that includes valid inter-frequency D2D configuration for F2 and can apply the configuration for discovery on F2.    
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Figure4. Invalidation of provisioned inter-frequency discovery configuration
If time indicating the validity is not included in SIB19BIS, the UE considers the SIB19BIS to be valid for the entire acquisition period 

3 Conclusion

Proposal 1 For provisioning of inter-frequency D2D configuration to a UE served by a cell, our design should be such that update of D2D configuration of other frequency should not trigger other UEs having no interest in inter-frequency D2D discovery to follow SI update procedure.

Proposal 2 D2D configuration for other frequency is included in SIB19BIS. 

Proposal 3 SIB19BIS is excluded from the normal SI update notification procedure. That is, network shall not indicate system information update in paging message for upcoming SIB19BIS update. 

Proposal 4 SIB19BIS is excluded from the value tag update mechanism. That is, update of SIB19BIS does not change the value tag within SIB1.
Proposal 5 UE acquires SIB19BIS once every “acquisition period” that consecutively occurs and has a duration of N * scheduling period and has defined boundary like modification period. Then, once UE acquires SIB19BIS, it considers the acquired SIB19BIS to be valid for the acquisition period.

Proposal 6 When serving cell signals SIB19BIS including inter-frequency D2D configuration, it also signals the time until which the SIB19BIS can be considered valid
Proposal 7 The time until which the SIB19BIS can be considered valid is expressed as SFN# and subframe# of the PCell. 
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