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1 Introduction

In RAN2#69, it was agreed that dedicated RRC signalling is used to inform a relay node about DeNB system information updates. This was further analyzed in [1] looking at what system information to transfer by dedicated signalling and when the relay node should apply the updated system information. The timing of system information updates was also discussed in [2].

This contribution looks into the timing and the content of dedicated system information updates and outlines three possible solutions with their pros and cons. From the pros and cons, we propose to adopt the simplest of the three solutions. Please note that this contribution discusses DeNB system information only; the reception of which has limitations for relay nodes. There is no relation with system information in relay node cells.
2 Discussion
2.1 DeNB SI change vs relay node SI change

A relay node’s acquisition of DeNB system information updates is not the same issue as a relay node receiving an indication (in some shape, from somewhere, at some point in time) that it should update the system information in its own cell. 
A relay node’s acquisition of DeNB system information updates, illustrated to the left in Figure 1 by red dotted lines, is related to a system information change in the DeNB. In this case, the new system information needs to be acquired by both relay nodes and UEs in the DeNB cell. 
A system information change in the relay node cell, illustrated to the right in Figure 1 by red dotted lines, relates only to the relay node cell. It could e.g. be an update of the MBSFN subframes in the relay node cell as discussed in [3], to allow certain subframes to be used for Un communication. An update of this system information is handled with the Rel-8 procedure in the relay node cell, as in any eNB and is not necessarily synchronized with any other system information change in other eNBs, including the DeNB. 
The timing of when a relay node applies a DeNB system information change (concerning the DeNB cell), however, can be crucial and will be discussed in this contribution. 
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Figure 1  Separate issues: DeNB system information change and RN system information change

2.2 System information change in DeNB

When the DeNB wants to change its system information, it will use the regular Rel-8 procedure of first notifying UEs of the change and then transmitting the updated system information in the next modification period. UEs will apply their previously acquired system information until they have acquired the new system information, which they start acquiring immediately from the start of the modification period if they have been notified of a change.

Since paging and MIB and SIB updates need to be available in a cell, the subframes where that information is sent (in the cases where these subframes are fixed) cannot be set to MBSFN subframes. Also, they need to be available in the relay node cell for Rel-8 UEs, which means that the relay node cannot listen to paging, or MIB and SIB1 updates from the DeNB. This is the background to the agreement from RAN2#69, to inform the relay node about system information updates via dedicated RRC signalling.

There is one exception to this reasoning: if the relay node has a subframe shift compared to the DeNB such that e.g. subframe 0 in the DeNB cell corresponds to subframe 2 in the relay node cell, subframe 2 could be configured as an MBSFN subframe and be used for the relay node to listen to the DeNB’s subframe 2. Such subframe shiftning could be made feasible, but is not an applicable solution in e.g. TDD or when the relay node cell is part of an MBSFN area and participates in an MBSFN transmission.
Assuming that the relay node cannot listen to broadcasted system information updates, there are several options, shown in Figure 2, on how to handle the dedicated RRC signalling.
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Figure 2  Ways of handling DeNB system information updates in relay nodes

1. “apply directly”
signal system information, relay node updates upon reception
A general design principle in the system information procedure in LTE Rel 8 was that there would be no activation time; that system information would be applied upon reception. This was heavily discussed for Rel 8 and agreed. Keeping the same principle for relay nodes would be preferable. 

Since the DeNB system information for relay nodes is signalled though RRC, applying it directly also sticks with the general principle for RRC signalling in LTE. Furthermore, it avoids any ambiguity as to how to treat further RRC messages received while waiting to apply the updated system information. 

If the relay node applies a system information change before the DeNB has updated its transmission according to the new system information, the DeNB can keep track of this and make sure that it does not cause any problems, e.g. by not scheduling the relay node until after the DeNB has updated its transmission according to the new system information. The misalignment period can be kept short to make sure that RLF is not triggered.

Lastly, relay nodes applying directly the system information received via dedicated RRC signalling would be analogous to the procedure for system information when an Scell is added in carrier aggregation. 
2. “apply at next modification period boundary”
signal system information, relay node applies at the next modification period boundary 
Since UEs in the DeNB cell will only start acquiring updated system information at the next modification boundary, there could be benefits of delaying the application of received system information in the relay node until the next modification period boundary. Applying at the next modification boundary provides a more uniform approach between UEs and relay nodes, but introduces a new behaviour previously not seen in LTE. Furthermore, the behaviour is still not the same between relay nodes and UEs as relay nodes would apply the update at the modification period boundary while UEs will only start acquiring it at the boundary. 
3. “dedicated systemInfoModicifation”
signal that an update of system information will occur, let the relay node read the new system information as a regular UE 
To align relay nodes completely with UEs in terms of DeNB system information updates, changes in system information can be indicated to the relay nodes by dedicated signalling. The indication would just be a flag similar the systemInfoModification in a paging message, urging the relay node to read the updated system information in the next modification period. This would imply that the relay node turns away from its own cell while acquiring the new system information. This will however be a short disruption of the communication in the relay node cell, and can be considered rare. 
Based on the above analysis, we propose to adopt the simplest solution, Option 1 above:
Proposal 1 A relay node applies system information changes received via dedicated signalling upon reception, i.e. directly.

3 Conclusion

To follow existing design principles for system information application also for relay nodes and to avoid introducing new mechanisms with a potential complexity increase and unknown error cases, we suggest the following:
Proposal 1
A relay node applies system information changes received via dedicated signalling upon reception, i.e. directly.
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