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1
Introduction

A new WI “RAN overload control for Machine-Type Communications” was approved at RAN#53. At WG2#75bis, agreements are made as below,

Agree that we use Access classes (e.g. 0..9) + barring bitmap for LTE EAB as a baseline (no barring factor),  

Will have one set of parameters (10 bit, i.e., one bit per access class) + 2 bit to indicate whether they apply to category A, B or C.

One of the open issues is how to broadcast EAB information in CN overload case with multiple PLMN sharing.  In this contribution we discuss the system information overhead aspects. 
2
Discussion

When a network broadcasts a set of AC0-9 bits for EAB, it’s still to be determined whether the information needs to be broadcast per CN domain or per PLMN. According 22.011 (Rel.11) it states that,

 “In the case of multiple core networks sharing the same access network, the access network shall be able to apply the EAB for the different core networks individually.”
RAN2 sent LS to SA1 in WG2#75bis asked for a clarification on the two options for PLMN sharing: 
Option 1) One EAB information with optimized encoding, e.g. bitmap to say for which PLMN applicable.
Option 2) Fully separate EAB information for each PLMN;
The two options would use different number of bits in BCH for EAB. The new added bits for EAB at the first case is only one set of EAB and the other it is scaled with the number of supported PLMNs in a system, i.e., number of PLMNs x EAB bits per PLMN. The impact of two ways on system higher layer signalling overhead could be serious and needs to be considered. 
2.1
Impact on Signalling Overhead with EAB 

There are several IEs could be included in an EAB parameter (not consider special AC): 
1) 10 bits for 10 barring access (agreed); 
2) 2 bits for a,b,c categories (agreed);
3) 6 bits for bitmapping PLMN indication in the first option or 3 bits for mapping of per PLMN out of 6 PLMNS (broadcast already) in the second option; 
4) 3 bits (TBD) for timer range as proposed in [5] of a spreading access EAB scheme;

5) 2 bits for bit mapping PS or CS domain in UMTS with one common EAB, or segmented two EABs for two CN domains.
For option.1 (one set of EAB for all PLMNs): The new added EAB bits would be in the order of 21 bits for LTE. For UMTS the new added EAB bits would be in the order of 23 bits if  one common EAB is used for two CN domains or 42 bits if separated EABs for two CN domains. 
For option.2 (separate EAB information per PLMN): The new added EAB bits would be in the order of 108 bits for LTE and in the order of 120 bits at UMTS with one common EAB for two CN domains or 216 bits for separate EABs of two CN domains.  

In the LTE case:

Adding EAB to existing SIB2 or a new SIB does not make much difference on the signalling overhead. If one SIB size is increased to cope with new added bits it will impact on all SIBs in one SI message.  The window size and the period of one SIB block are configured by SIB1. One SI message could contain multiple SIB blocks which having the same period configured by SIB1. The window length is defined with options: 1, 2, 5, 10, 15, 20, and 40 ms. Periodicity is of options: 8, 16, 32, 64, 128, 256, 512 frames [1].  

One BCH frame is 10 ms. If the period is 0.32 s then there would need 32 frames to fit in all SIBs. If the original windowlength of SIB is 2 ms, the second option adding additional 108 bits would consume additional 40 ms that implicitly means more than 4 frames would be used for one SIB. In case there are 15 SIBs transmit in one SI message it would need 60 frames in total for one SI message. Hence the longer period 0.64 s will be needed and the overall scheduling may be affected, which may affect the access delay of all UEs. Further the 6 separated EAB information cannot be broadcasted using one SIB as the additional 40 ms length already saturated the maximum available window length in the list, we would need to consider introduction of a longer window length to accommodate EAB.   
In the UMTS case: 

The SIBs are scheduled into 20ms SI frames using MIB which is sent every 80ms (and SB1). A typical network may use an overall SI repetition of 1.28 seconds and SIB3 could fit into a single segment. The additional information could potentially be included in SIB3 if using only a single set of EAB parameters as the overall increase in SIB size may still fit within the current scheduling used in networks. However, it’s likely that if separate EAB information is used, the SIB would need to be further segmented and sent over more frames. This could consume the space that can be used for other SIBs, and in fact SIB3 (and other SIB) repetition may need to be increased, leading to poorer performance (Chance of failed SI reading + retry needed) and in the worst case the overall schedule may need to be increase to 2.56 seconds to accommodate. Bearing in mind that there are other features in Rel-11 which may need significant amount of extra information to be broadcast – namely CELL_FACH enhancements (2ms/10ms TTI common E-DCH deployment) and multiple frequency band support in a cell. 
Furthermore, when system information is updated in UMTS, then a UE is triggered to read all system information upon detecting MIB value tag change. Hence, whether the information is contained in a separate SIB, or in SIB3 is irrelevant when considering the impact to legacy devices – both cases would cause all UEs to have to re-read SIBs. The overhead from introducing a new SIB is relatively high considering that MIB also needs to be updated to include the scheduling, and the Node B would have to update existing scheduling in order to accommodate the new SIB, therefore it may be preferable to use SIB3 assuming that option 1 is preferred. If the amount of EAB information is large then a separate SIB may be preferable to try and minimize impact to other UEs (e.g. although a new SIB will affect scheduling to all UEs, and update of the new SIB will cause all UEs to re-read SI, and cause NW complexity to have to re-schedule all SIBs, in case EAB is enabled/disabled – at least the existing SIB3 may be scheduled with a shorter repetition length than if all the EAB information was included)
Proposal 1: The impact of higher layer signalling overhead which results from broadcasted EAB information in PLMN sharing case is significant and needs to be considered.

The first option would have reduced impact on the signalling overhead. Adding additional 21 bits 1.0 ms to the old window length 2.0 ms would require to use the windowlength of 5 ms (0.5 frame) for one SIB in above example. In case there are 15 SIBs transmit in one SI message it would need in total 7.5 frames which is still within available 32 frames. The period of SI message does not need to be changed. Hence first option with one set of EAB information for all PLMNs in CN overload case shows advantage in avoiding possible impact on signalling overhead.
In case of a non-shared cell, there is no need to include the PLMN indication – clearly the EAB applies to only one PLMN in the cell. The number of added bits by EAB in option.1 would be further reduced, i.e, 6 bits PLMN indicator can be removed.
Hence one important point is that the additional overhead should affect only the operators using NW sharing. The signalling should be made such that, even if we do make it possible to broadcast separate information per PLMN, that it is still possible to signal 1 set of EAB information for all PLMNS (which is anyway needed for RAN overload case). That also gives even operators sharing a RAN to use 1 set of EAB information if/when the overhead from broadcasting multiple sets of information becomes a problem in practise. 

Based on above discussion, we tend to prefer the following scenarios for applying EAB in general,
a) If EAB is used for RAN overload without PLMN sharing: one EAB parameter per cell; 
b) If EAB is used for CN overload with multiple PLMN sharing,  only one CN is overloaded: one EAB per cell; EAB information applies to one PLMN with bitmapping indicator;
c) If EAB is used for CN overload with multiple PLMN sharing, multiple CN are overloaded: one EAB per cell; EAB information applies to some of the PLMNs with bitmapping indicator; 
Proposal 2: Taking into account the impact to SIB scheduling and hence all users in a cell, it’s recommended that one set of EAB parameters should be broadcast by a cell. It should apply to either ALL PLMN in a cell, or the single PLMN which it applies to should be indicated.  It should be accompanied with a domain indication for UMTS (CS/PS).

Proposal 3; In case flexible EAB is considered more important for the multiple CN overload case than impacting legacy devices from a service requirement point of view (i.e. SA1), then the signalling should be such that it is always possible to use only 1 set of EAB information for all PLMNs.

Proposal 4: The decision on whether a new/existing SIB will be used should only be made after we agree what the content will be, and the associated overhead is known.

2.2
System Information update for EAB 

Finally, we would like to share our view regarding the use of the existing system information update procedures for updating EAB information. 

EAB is intended for use in the abnormal cases (i.e. RAN overload and CN overload) hence it is not expected that the information needs to be updated very frequently.  

Further, it is our expectation that in order to cope with large surges of access requests from EAB configured devices, the network operator should be able to predict when EAB will need to be enabled in advance. For devices belonging to that operator, it should be known when the peaks in traffic are likely to occur, as the operator knows the number of devices and what type of devices are in the network, and the network may collect statistical information to determine when the peaks are likely to occur. In addition, to deal with the case of a neighbouring operator network failing (and many devices roaming to the network at one time) it is possible to enable EAB and apply only to devices not part of the HPLMN or ePLMN, or to devices not part of HPLMN or ePLMN or preferred PLMN for roaming. 

Hence, it should be possible to pro-actively set the EAB information in the network to deal with the use-cases and avoid the need to introduce any special update mechanisms.

Proposal 5: The existing system information change/update procedures are sufficient, and since the network can proactively set EAB information in advance of high load there is no need to introduce any new updating mechanisms. 

3
Conclusion

In this contribution, we discussed signalling overhead issue caused by broadcasting EAB in separately for multiple PLMNs in the RAN sharing case when multiple CNs are overloaded. Based on the discussion we propose,

Proposal 1: The impact of higher layer signalling overhead which results from broadcasted EAB information in PLMN sharing case is significant and needs to be considered.
Proposal 2: From a signalling overhead point of view it’s recommended that one set of EAB parameters should be broadcast by a cell. It should apply to either ALL PLMN in a cell, or the single PLMN which it applies to should be indicated.  It should be accompanied with a domain indication for UMTS (CS/PS).
Proposal 3; In case flexible EAB is considered more important for the multiple CN overload case than impacting legacy devices from a service requirement point of view (i.e. SA1), then the signalling should be such that it is always possible to use only 1 set of EAB information for all PLMNs.
Proposal 4: The decision on whether a new/existing SIB will be used should only be made after we agree what the content will be, and the associated overhead is known.

Proposal 5: The existing system information change/update procedures are sufficient, and since the network can proactively set EAB information in advance of high load there is no need to introduce any new updating mechanisms. 
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